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Tutorial “Quantum Technologies (joint session HL/TT)"

Quantum Technology - how is research funded? — e¢GERD LEUCHS
Superconducting Quantum Circuits — eRUDOLF GROSS
Josephson junction based interferometers and amplifiers — eSEBASTIAN

KEMPF

Manipulation of quantum bits based on defect centres in diamond —

e¢OLIVER BENSON

HL 1.1 Sun 16:00-16:35 H 0105
HL 1.2 Sun 16:40-17:15 H 0105
HL 1.3 Sun 17:15-17:50 H 0105
HL 14 Sun 17:50-18:25 H 0105
Plenaries

PLVIV  Mon 14:00-14:45 H 0104
PLV VII Wed 8:30- 9:15 H 0105
Focus on Topology

Plenaries

PLVII Mon  830- 9:15 H 0105
PLV XI  Thu 8:30— 9:15 H 0105

Fast Parametric Interactions Between Superconducting Quantum
Circuits — eRAYMOND W SIMMONDS

Nanoscale thermal imaging of dissipation in quantum systems — eELI
ZELDOV

Imaging Topological Electrons in Low Dimensions: from the Inorganic
to the Organic — eMICHAEL F. CROMMIE

Emergent properties and functions of topological magnets —
¢ Y OSHINORI TOKURA

Symposium “Topology in Condensed Matter Physics (SYTO)"
See SYTO for the abstracts of the symposium.

SYTO 1.1

SYTO 1.2
SYTO 1.3

SYTO 1.4

SYTO 1.5

Wed

Wed
Wed

Wed

Wed

9:30-10:00

10:00-10:30
10:30-11:00

11:15-11:45

11:45-12:15

H 0105

H 0105
H 0105

H 0105

H 0105

Beyond Topologically Ordered States: Insights from Entanglement
— oB. ANDREI BERNEVIG

Topological Magnon Materials — ¢INGRID MERTIG

Topological Order of Interacting Polymers on a Substrate —
oVINCENZO VITELLI

Quantization of Heat Flow in Fractional Quantum Hall States —
eMoTY HEIBLUM

Currents and Phases in Quantum Rings — eKATHRYN MOLER
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Focus Session “Chiral Topological Superconductors and Majorana Fermions” (organized by TT)

TT 32.1 Tue  9:30-10:00 H 0104 Spin-Triplet Superconductivity in the Ruthenate — eYOSHITERU
MAENO

TT 32.2 Tue 10:00-10:30 H 0104 Paths Towards Chiral d-wave Superconductivity — eRONNY THOMALE

TT 32.3 Tue 10:30-11:00 H 0104 Towards the Design of Majorana Bound States in Artificially Con-
structed Magnetic Atom Chains on Elemental Superconductors —
eROLAND WIESENDANGER

TT 32.4 Tue 11:15-11:45 H 0104 Design of Majorana Modes: From Magnetic Skyrmions to Dimen-
sional Tuning — eDIRK MORR

TT 32.5 Tue 11:45-12:15 H 0104 Experimental Hints of Topological Superconductivity in Hybrid
Ferromagnet-Superconductor Systems — ¢TRISTAN CREN

Focus Session “Topological Defects in Superconductors and Magnets” (organized by TT)

TT 60.1 Wed 15:00-15:30 H 0104 Stability and Emergent Electrodynamics of Skyrmions — e¢CHRISTIAN
PFLEIDERER

TT 60.2 Wed 15:30-16:00 H 0104 Optical Manipulation of Single Flux Quanta — ePHILIPPE TAMARAT

TT 60.3 Wed 16:00-16:30 H 0104 Skyrmion Lattices in Random and Ordered Potential Landscapes —
eCHARLES REICHHARDT

TT 60.4 Wed 16:45-17:15 H 0104 Hedgehog Spin-Vortex Crystal Magnetic Order in Superconducting
CaK(Fe;_.M,)sAsy (M=Co, Ni) — eANNA BOHMER

TT 60.5 Wed 17:15-17:45 H 0104 Geometric Frustration and Ratchet Effect of Vortices in an Artificial-
Spin/Superconductor Hybrid — eZH1-L1 X140

Focus Session “Quantum Turbulence and Imaging of Quantum Flow of Superfluids” (organized
by TT)

TT 77.1 Thu  9:30-10:00 H 0104 Quantum Turbulence: New Aspects of an Old Problem — ¢CARLO F.
BARENGHI

TT 77.2 Thu 10:00-10:30 H 0104 Numerical Simulation of Quantum Turbulence — eMAKOTO TSUBOTA

TT 77.3 Thu 10:30-11:00 H 0104 Visualising Pure Quantum Turbulence in Fermionic Superfluid —
oVIKTOR T'SEPELIN

TT 774 Thu 11:15-11:45 H 0104 Experimental Exploration of Intense Quantum Turbulence with He-II
— oPHILIPPE-E. ROCHE

TT 77.5 Thu 11:45-12:15 H 0104 Visualization of Superfluid Helium Flows — eMARCO LA MANTIA

Focus Sessions “Spinorbitronics - From Efficient Charge/Spin Conversion Based on Spin-Orbit
Coupling to Chiral Magnetic Skyrmions I-IlI" (organized by MA)

See MA for the abstracts of the talks.

MA 40.1 Thu  9:30-10:00 H 1012 Understanding Spin-Charge Conversion in Topological Insulators —
¢ AURELIEN MANCHON

MA 40.5 Thu 11:15-11:45 H 1012 Interfacial spin-orbitronic: Rashba interfaces and topological insu-
lators as efficient spin-charge current converters — eJUAN-CARLOS
ROJAS-SANCHEZ

MA 471 Thu 15:00-15:30 H 1012  Spin orbit fields at the Fe/GaAs(001) interface — ¢CHRISTIAN BACK

MA 57.1 Fri 9:30-10:00 H 1012 Manipulation of interface-induced Skyrmions studied with STM —
oKIRSTEN VON BERGMANN

MA 57.6 Fri 11:30-12:00 H 1012 Magnonics in skyrmion-hosting chiral magnetic materials — eMARKUS
GARST

Invited Talks not included in Focus Sessions and Symposia

TT 9.1 Mon  9:30-10:00 HFT-FT 101 Unconventional Superconductivity in Quantum-Dot Systems —
eSTEPHAN WEISS
TT 5.8 Mon 11:30-12:00 H 3005 Superconductivity in YbRh,;Si; — e ERWIN SCHUBERTH
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TT 34.1 Tue 9:30-10:00 H 2053 Non-Equilibrium Spin- and Charge Transport Phenomena in
Superconductor-Ferromagnet Hybrid Structures — eTORSTEN
PI1ETSCH

TT 49.1 Wed  9:30-10:00 H 2053 Parametric Amplification in Josephson Circuits with Non-
Centrosymmetric Nonlinearity — e ALEXANDER ZORIN

TT 51.1 Wed  9:30-10:00 H 3010 Electronic Squeezing of Pumped Phonons: Negative U and
Transient Superconductivity — eDANTE M. KENNES

TT 50.8  Wed 11:30-12:00 H 3005 Critical Phonon Softening Near a Structural Instability at T' =
0 — eOLIVER STOCKERT

TT 61.1 Wed 15:00-15:30 H 2053 Quantum Thermodynamics on Superconducting Qubits —
oJUKKA PEKOLA

TT 62.1 Wed 15:00-15:30 H 3010 Efficient Simulation of Quantum Thermalization and Dynamics
— oFRANK POLLMANN

TT 93.1 Thu 15:00-15:30 H 2053 Non-Markovian Quantum Thermodynamics: Second Law and
Fluctuation Theorems — ¢ROBERT S WHITNEY

TT 94.6  Thu 16:30-17:00 H 3010 Discrete Time Crystals — ¢RODERICH MOESSNER

TT 103.1 Thu 17:15-17:45 H 2053 From Fundamental Principles to Applications: Cryogenic

Micro-Calorimeters — eCHRISTIAN ENSS

Other Focus Sessions organized by TT
“Recent Developments in Computational Many Body Physics”

TT 21 Mon  9:30-10:00 H 0104 Revealing Fermionic Quantum Criticality from New Monte Carlo
Techniques — oZ1 YANG MENG

TT 2.2 Mon 10:00-10:30 H 0104 Computational Approaches to Many-Body Localization — eDaAvID J.
Luirz

TT 2.3 Mon 10:30-11:00 H 0104 Tensor Network Techniques and Dynamical Systems — eIGNACIO CIRAC

TT 2.4 Mon 11:15-11:45 H 0104 Digital Quantum Simulation — eBELA BAUER

TT 2.5 Mon 11:45-12:15 H 0104 Quantum Monte Carlo Simulation of Coupled Fermion-Boson Systems
— oMARTIN HOHENADLER

TT 2.6 Mon 12:15-12:45 H 0104 Machine Learning Methods for Quantum Many-Body Physics —
¢GIUSEPPE CARLEO

“Mesoscopic Superconductivity and Quantum Circuits”

TT 105.1 Fri  9:30-10:00 H 0104 New Hardware Components for Scalable Quantum Computers —
eDAVID DIVINCENZO

TT 105.2 Fri 10:00-10:30 H 0104 Quantum Communcation with Propagating Microwaves — eFRANK
DEPPE

TT 105.3 Fri 10:30-11:00 H 0104 Dynamics of a Qubit While Simultaneously Monitoring its Relaxation
and Dephasing — eBENJAMIN HUARD

TT 105.4 Fri 11:15-11:45 H 0104 Estimating the Error of an Analog Quantum Simulator by Additional
Measurements — eMICHAEL MARTHALER

TT 105.5 Fri 11:45-12:15 H 0104 On-demand distribution of quantum information between supercon-
ducting cavity quantum memories — ¢WOLFGANG PFAFF

TT 105.6 Fri 12:15-12:35 H 0104 Quantum Simulation of Light-Matter Interaction — JOCHEN
BRAUMULLER

Other Symposia with TT Participation

Symposium “2D Materials (SYDM)"
See SYDM for the abstracts of the symposium.

SYDM 1.1 Thu 15:00-15:30 H 0105 Bending, pulling, and cutting wrinkled two-dimensional materials
— oKIRILL BOLOTIN

SYDM 1.2 Thu 15:30-16:00 H 0105 Ultrafast valley and spin dynamics in single-layer transition metal
dichalcogenides — e ALEJANDRO MOLINA-SANCHEZ
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SYDM 1.3 Thu 16:00-16:30 H 0105
SYDM 1.4 Thu 16:45-17:15 H 0105
SYDM 1.5 Thu 17:15-17:45 H 0105

Other Joint Focus Sessions

Interlayer excitons in layered semiconductor transition metal
dichalcogenides — ¢STEFFEN MICHAELIS DE VASCONCELLOS

Exploring exciton physics in liquid-exfoliated 2D materials —
¢CLAUDIA BACKES

A Progress Report on Electron Transport in MXenes; A New Fam-
ily of 2D Materials — eMICHEL BARSOUM

“Quantum Nanophotonics in Solid State Systems: Status, Challenges and Perspectives |-l "

(organized by HL)
See HL for the abstracts of the talks.

HL 16.1  Tue 9:30-10:00 EW 201
HL 16.2  Tue 10:00-10:30 EW 201
HL 16.5  Tue 11:15-11:45 EW 201
HL 16.12 Tue 14:00-14:30 EW 201
HL 251  Wed  9:30-10:00 EW 201
HL 25.7  Wed 11:30-12:00 EW 201

Exploring the limits of position measurement with optomechanics
— oT0BIAS J. KIPPENBERG

On-chip integration of superconducting single photon detectors —
e¢WOLFRAM PERNICE

Integrated III-V nonlinear quantum optical devices — eGREGOR
WEIHS

Hybrid waveguide platforms for quantum optics — eMICHAL BAJCSYy
The quantum knitting machine: a quantum dot as device for deter-
ministic production of cluster states of many entangled photons —
eDAVID GERSHONI

Exploiting the Bright and the Dark Side of Deterministic Solid-
State Quantum-Light Sources — ¢T0BIAS HEINDEL

“Frontiers of Electronic-Structure Theory: Correlated Electron Materials I-VIII"(organized by O)

See O for the abstracts of the talks.

0 31.1 Tue 10:30-11:00 HL 001
0O 31.2 Tue 11:00-11:30 HL 001
0O 31.3 Tue 11:30-12:00 HL 001
0314 Tue 12:00-12:30 HL 001
O 31.5 Tue 12:30-13:00 HL 001
0 62.1 Wed 10:30-11:00 HL 001
0721 Wed 15:00-15:30 HL 001
0 102.1 Thu 15:00-15:30 HL 001

Control and prediction of molecular crystal properties by multilevel
strategies — eJAN GERIT BRANDENBURG

Advances in first-principles and model spin Hamiltonian simulations
of point defects in semiconductors for quantum sensors and comput-
ing — eVIKTOR IVADY

Recent advances in first-principles modelling of correlated magnetic
materials — e YAROSLAV KVASHNIN

A first-principles approach to hot-electron-induced ultrafast dynam-
ics at metal surfaces — eREINHARD J. MAURER

Temperature effects in spin-orbit physics from first principles —
eBARTOMEU MONSERRAT

Correlating electrons via adiabatic connection approach: a general
formalism, approximations, and applications — e KATARZYNA PERNAL
Computational Approach to the Electronic Structure of Strongly Cor-
related Materials: Towards Theoretical Spectroscopy and Theory As-
sisted Material Design — e GABRIEL KOTLIAR

Recent developments in FCIQMC: real-time propagation and im-
proved convergence with walker number — eALI ALAVI

“Exploiting Spintronics for Unconventional Computing” (organized by MA)

See MA for the abstracts of the talks.

MA 241 Wed  9:30-10:00 H 1012
MA 24.3 Wed 10:15-10:45 H 1012
MA 244 Wed 11:00-11:30 H 1012
MA 24.6 Wed 11:45-12:15 H 1012

Control of Mesoscopic Magnetism for Computation — eLAURA HEY-
DERMAN

Spin waves for unconventional computing and data processing —
ePHILIPP PIRRO

p-bits, p-transistors and p-circuits — eKEREM CAMSARI

Bits and Brains: New materials and brain-inspired concepts for low
energy information processing — ¢THEO RASING
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“Chaos and Correlation in Quantum Matter’ (organized by DY)
See DY for the abstracts of the talks.

DY 36.1 Wed

DY 36.6 Wed

9:30-10:00

11:15-11:45

EB 107

EB 107

Computing quantum thermalization dynamics: from quantum chaos
to emergent hydrodynamics — eEHUD ALTMAN

Quantum Thermalization Dynamics: From Information Scrambling
to Emergent Hydrodynamics — eMICHAEL KNAP

“Emergent Phenomena in Driven Quantum Many-Body Systems” (organized by DY)
See DY for the abstracts of the talks.

DY 55.1 Thu

DY 55.2 Thu

All sessions

TT 1.1-14
TT 2.1-2.6
TT 3.1-3.13
TT 4.1-4.13
TT 5.1-5.12
TT 6.1-6.13
TT 7.1-7.13
TT 8.1-8.13
TT 9.1-9.12
TT 10.1-10.14

TT 11.1-11.10
TT 12.1-12.10

TT 13.1-13.11

TT 14.1-14.10

TT 15.1-15.14
TT 16.1-16.9
TT 17.1-17.8
TT 18.1-18.9
TT 19.1-19.12
TT 20.1-20.14
TT 21.1-21.9
TT 22.1-22.10
TT 23.1-23.6
TT 24.1-24.6

TT 25.1-25.9

9:30-10:00 EB 107
10:00-10:30 EB 107
Sun  16:00-18:25
Mon 9:30-12:45
Mon 9:30-13:00
Mon 9:30-13:00
Mon 9:30-13:00
Mon 9:30-13:00
Mon 9:30-13:00
Mon 9:30-13:00
Mon 9:30-13:00
Mon 9:30-13:15
Mon 9:30-12:45
Mon 10:00-12:45
Mon 10:30-13:15
Mon 10:30-13:00
Mon 15:00-18:45
Mon 15:00-17:30
Mon 15:00-17:00
Mon 15:00-17:30
Mon 15:00-18:15
Mon 15:00-18:45
Mon 15:00-17:30
Mon 15:00-17:45
Mon 15:00-16:30
Mon 16:45-18:15
Mon 15:00-17:15

Nuclear and electronic dynamics in ultrafast photoinduced charge
separation — e¢CARLO ANDREA Ro0zz1

Theory of pump-probe spectroscopy: Ultrafast laser engineering of
ordered phases and microscopic couplings — eMICHAEL SENTEF

H 0105

H 0104

H 0110

H 2053

H 3005

H 3010

A 053

A 151
HFT-FT 101
EB 301

EMH 225
EB 107

MA 043

HL 001

H 0104

H 0110

H 2053

H 3005

H 3010

A 053

A 151
HFT-FT 101
MA 043

MA 043

HL 001

Tutorial: Quantum Technologies session
HL/TT/TUT)

Focus Session: Recent Developments in Computational
Many Body Physics (joint session TT /DY)
Superconductivity: Properties and Electronic Structure
I

Superconductivity: Qubits I

f-Electron Systems and Heavy Fermions I

Quantum Magnets and Molecular Magnets (joint session
TT/MA)

Topological Semimetals I

Topological Insulators I (joint session HL/TT)
Quantum Dots, Quantum Wires, Point Contacts
Heusler Compounds, Semimetals and Oxides (joint ses-
sion MA /TT)

Ferroelectric Domain Walls I (joint session KFM /TT)
Dynamics in Many-Body Systems: Interference, Equili-
bration and Localization I (joint session DY /TT)
Graphene: Electronic Properties, Structure and Sub-
strate Interaction I (joint session O/TT)

(joint

Frontiers of Electronic-Structure Theory: Cor-
related  Electron Materials I  (joint  session
O/MM/DS/TT/CPP)

Dual-Method Approaches to Quantum Many-Body Sys-
tems I

Superconductivity: Properties and Electronic Structure
11

Superconductivity: Qubits II

f-Electron Systems and Heavy Fermions II

Frustrated Magnets - Spin Liquids - Theory
Topological Semimetals IT

Topological Insulators II (joint session HL/TT)
Superconductivity: Topological Defects in Superconduc-
tors and Magnets (joint session TT/MA)

Graphene: Adsorption, Intercalation and Doping I (joint
session O/TT)

Graphene: Adsorption, Intercalation and Doping II
(joint session O/TT)

Frontiers of Electronic-Structure Theory: Cor-
related Electron Materials II  (joint session
O/MM/DS/TT/CPP)
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TT 26.1-26.12
TT 27.1-27.10
TT 28.1-28.18
TT 29.1-29.16

TT 30.1-30.7
TT 31.1-31.9

TT 32.1-32.7

TT 33.1-33.8
TT 34.1-34.12
TT 35.1-35.13

TT 36.1-36.10
TT 37.1-37.13
TT 38.1-38.12
TT 39.1-39.17

TT 40.1-40.11
TT 41.1-41.10
TT 42.1-42.10
TT 43.1-43.10
TT 44.1-44.5

TT 45.1-45.5

TT 46.1-46.13
TT 47.1-47.12
TT 48.1-48.6

TT 49.1-49.12
TT 50.1-50.12
TT 51.1-51.12
TT 52.1-52.13

TT 53.1-53.7
TT 54.1-54.8

TT 55.1-55.11
TT 56.1-56.12
TT 57.1-57.5
TT 58.1-58.9
TT 59.1-59.5
TT 60.1-60.5
TT 61.1-61.6
TT 62.1-62.12
TT 63.1-63.7
TT 64.1-64.12

TT 65.1-65.13
TT 66.1-66.8

Mon
Mon
Mon
Mon

Mon
Mon

Tue

Tue
Tue
Tue

Tue
Tue
Tue
Tue

Tue
Tue
Tue
Tue
Tue
Tue
Tue
Wed
Wed
Wed
Wed
Wed
Wed

Wed
Wed

Wed
Wed
Wed
Wed
Wed
Wed
Wed
Wed
Wed
Wed

Wed
Wed

15:00-18:30
15:00-18:30
15:00-19:00
15:00-19:00

15:00-19:00
15:30-17:45

9:30-12:45

9:30-11:30
9:30-13:00
9:30-13:00

9:30-12:15
9:30-13:15
9:30-12:45
9:30-15:45

10:00-13:00
10:15-13:00
10:15-13:00
10:30-13:15
10:30-13:00
11:45-13:00
18:15-20:30
9:30-12:45
9:30-12:15
9:30-13:00
9:30-13:00
9:30-13:00
9:30-13:00

9:30-11:15
9:30-12:15

9:30-12:45

9:30-13:15
10:00-11:15
10:30-13:00
11:45-13:00
15:00-17:45
15:00-16:45
15:00-18:30
15:00-16:45
15:00-18:15

15:00-18:30
15:00-17:00

EB 301

EMH 225
Poster B
Poster B

Poster B
EB 107

H 0104

H 0110
H 2053
A 053

HFT-FT 101
EB 301
EB 407
EW 201

H 3010

H 3005
HFT-FT 131
MA 043

HL 001

H 0110
Poster A

H 0104

H 1012

H 2053

H 3005

H 3010
HFT-FT 101

HFT-FT 131
EB 107

EMH 225
EW 201

A 053

HL 001

A 053

H 0104

H 2053

H 3010

A 053
HFT-FT 101

HFT-FT 131
EB 202

Skyrmions I (joint session MA /KFM/TT)

Ferroelectric Domain Walls IT (joint session KFM /TT)
Poster Session: Topological Topics

Poster Session: Cryogenic Particle Detectors and Cy-
otechnique

Poster Session: Disordered Quantum Systems
Dynamics in Many-Body Systems: Interference, Equili-
bration and Localization II (joint session DY /TT)
Focus Session: Chiral Topological Superconductors and
Majorana Fermions

Nanotubes and Nanoribbons

Superconductivity: Tunneling and Josephson Junctions
Superconductivity: Fe-based Superconductors - 122 and
Theory

Correlated Electrons: 1D Theory

Skyrmions IT (joint session MA /TT/KFM)
Magnetocaloric Effects (joint session MA /TT)

Focus Session: Quantum Nanophotonics in Solid State
Systems I (joint session HL/TT)

Dual-Method Approaches to Quantum Many-Body Sys-
tems II

Frustrated Magnets - Spin Liquids - Experiments
Charge Order

Graphene: Electronic Properties, Structure and Sub-
strate Interaction II (joint session O/TT)

Focus Session: Frontiers of Electronic-Structure The-
ory: Correlated Electron Materials III (joint session
O/MM/DS/TT/CPP)

Nano- and Optomechanics

Poster Session: Graphene (joint session O/TT)
Frustrated Magnets - Iridates and Fe-based Materials
Focus Session: Exploiting Spintronics for Unconven-
tional Computing (joint session MA /TT)
Superconductivity: Superconducting Electronics I
Quantum-Critical Phenomena I

Nonequilibrium Quantum Many-Body Systems I (joint
session TT/DY)

Superconductivity: Fe-based Superconductors - FeSe
and LiFeAs

Quantum Impurities and Kondo Physics

Focus Session: Chaos and Correlation in Quantum Mat-
ter (joint session DY /TT)

Multiferroic Oxide Thin Films and Heterostructures I
(joint session KFM/TT/MA)

Focus Session: Quantum Nanophotonics in Solid State
Systems II (joint session HL/TT)

Topological Semimetals 111

Frontiers of Electronic-Structure Theory: Cor-
related Electron Materials IV  (joint session
O/MM/DS/TT/CPP)

Topological Insulators I (joint session TT/MA)

Focus Session: Topological Defects in Superconductors
and Magnets (joint session TT/MA)
Superconductivity: Superconducting Electronics IT and
Cryotechnique

Nonequilibrium Quantum Many-Body Systems II (joint
session TT /DY)

Topology: Quantum Hall Systems

Frustrated Magnets - a-RuCl; and Cu-based Materials
Quantum-Critical Phenomena II

Spintronics (joint session MA /TT)
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TT 67.1-67.14
TT 68.1-68.12

TT 69.1-69.10

TT 70.1-70.10

TT 71.1-71.9
TT 72.1-72.98
TT 73.1-73.10

TT 74.1-74.9
TT 75.1-75.6

TT 76.1-76.6
TT 77.1-77.5

TT 78.1-78.8

TT 79.1-79.12

TT 80.1-80.13
TT 81.1-81.7
TT 82.1-82.13
TT 83.1-83.12
TT 84.1-84.7
TT 85.1-85.6

TT 86.1-86.11
TT 87.1-87.9

TT 88.1-88.6
TT 89.1-89.5
TT 90.1-90.3
TT 91.1-91.12
TT 92.1-92.10

TT 93.1-93.7

TT 94.1-94.12
TT 95.1-95.10

TT 96.1-96.10

TT 97.1-97.9
TT 98.1-98.23
TT 99.1-99.53
TT 100.1-100.9

TT 101.1-101.10

TT 102.1-102.9
TT 103.1-103.4
TT 104

TT 105.1-105.8

Wed
Wed

Wed

Wed

Wed
Wed
Wed

Wed
Wed

Wed
Thu

Thu

Thu

Thu
Thu
Thu
Thu
Thu
Thu

Thu
Thu

Thu
Thu
Thu
Thu
Thu

Thu

Thu
Thu

Thu

Thu
Thu
Thu
Thu
Thu
Thu
Thu
Thu

Fri

15:00-18:30
15:00-18:15

15:00-18:15

15:00-17:45

15:00-17:30
15:00-19:00
15:30-18:15

16:00-18:30
17:00-18:30

17:00-18:30
9:30-12:15

9:30-12:30

9:30-12:45

9:30-13:00
9:30-11:15
9:30-13:00
9:30-12:45
9:30-11:15
9:30-11:30

9:30-13:30
10:30-12:45

11:30-13:00
11:30-12:45
12:00-12:45
15:00-18:15
15:00-18:00

15:00-17:00

15:00-18:30
15:00-17:45

15:00-17:45

15:00-17:30
15:00-19:00
15:00-19:00
15:30-18:00
15:30-18:15
16:00-18:30
17:15-18:30
18:45-20:00

9:30-13:05

EB 301
EB 407

EMH 225

HL 001

EW 203
Poster B
EB 107

H 3005
H 2053

A 053
H 0104

H 1012

H 2053

H 3005

H 3010

A 053
HFT-FT 101
HFT-FT 131
EB 107

EMH 225
HL 001

H 3010
HFT-FT 131
EB 107
H 0104
H 1012

H 2053

H 3010
HFT-FT 131

HL 001

EW 201
Poster B
Poster B

H 3005
HFT-FT 101
A 053

H 2053

H 3005

H 0104

Skyrmions IIT (joint session MA /TT/KFM)
Topological Insulators and Weyl Semimetals (joint ses-
sion MA /TT)

Multiferroic Oxide Thin Films and Heterostructures II
(joint session KFM/TT/MA)

Frontiers of Electronic-Structure Theory: Cor-
related Electron Materials V  (joint session
O/MM/DS/TT/CPP)

Quantum Information Systems (joint session HL/TT)
Poster Session: Correlated Electrons

Quantum Dynamics, Decoherence and Quantum Infor-
mation (joint session DY /TT)

Molecular Electronics and Photonics
Superconductivity: Mesoscopic Superconductivity and
Quantum Circuits

Topology: Other Topics

Focus Session: Quantum Turbulence and Imaging of
Quantum Flow of Superfluids

Focus Session: Spinorbitronics - From Efficient
Charge/Spin Conversion Based on Spin-Orbit Coupling
to Chiral Magnetic Skyrmions I (joint session MA /TT)
Superconductivity: Superconducting Electronics - Cir-
cuit QED

Graphene

Nonequilibrium Quantum Many-Body Systems III
Topological Insulators II (joint session TT/MA)
Superconductivity: (General) Theory

Fluctuations and Noise

Focus Session: Emergent Phenomena in Driven Quan-
tum Many-Body Systems (joint session DY /TT)
Ferroics and Multiferroics (joint session KFM/TT/MA)

Frontiers of Electronic-Structure Theory: Cor-
related Electron Materials VI (joint session
O/MM/DS/TT/CPP)

Quantum-Critical Phenomena III

Disordered Quantum Systems

Coherent Quantum Dynamics (joint session DY /TT)
Correlated Electrons: Method Development

Focus Session: Spinorbitronics - From Efficient
Charge/Spin Conversion Based on Spin-Orbit Coupling
to Chiral Magnetic Skyrmions IT (joint session MA /TT)
Quantum Coherence and Quantum Information Systems
(joint session TT/MA)

Correlated Electrons: Other Theoretical Topics

Cold Atomic Gases, Superfluids, Quantum Fluids and
Solids

Frontiers of Electronic-Structure Theory: Cor-
related Electron Materials VII  (joint session
O/TT/MM/DS/CPP)

Spintronics (joint session HL/TT)

Poster Session: Superconductivity

Poster Session: Transport

Frustrated Magnets - Pyrochlore Oxides

Correlated Electrons: Other Materials

Topology: Majorana Fermions

Superconductivity: Cryogenic Particle Detectors
Annual General Meeting of the Low Temperature
Physics Division

Focus Session: Mesoscopic Superconductivity and Quan-
tum Circuits
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TT 106.1-106.13  Fri 9:30-13:00 H 0110 Complex Oxides: Bulk Properties, Surfaces and Inter-
faces (joint session TT/MA /KFM)
TT 107.1-107.9  Fri 9:30-12:45 H 1012 Focus Session: Spinorbitronics - From Efficient

Charge/Spin Conversion Based on Spin-Orbit Coupling
to Chiral Magnetic Skyrmions IIT (joint session MA /TT)

TT 108.1-108.9  Fri 9:30-12:00 H 2053 Topological Superconductors

TT 109.1-109.10  Fri 9:30-12:15  H 3005 Frustrated Magnets - (General) Theory

TT 110.1-110.8  Fri 9:30-11:45 H 3010 Superconductivity: Fe-based Superconductors - 1111
and Others

TT 111.1-111.9  Fri 10:30-12:45  HL 001 Frontiers of Electronic-Structure Theory: Cor-
related Electron Materials VIII (joint session
O/TT/MM/DS/CPP)

Annual General Meeting of the Low Temperature Physics Division

Thursday  18:45-20:00 Room H 3005
All TT members are invited to attend!
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TT 1: Tutorial: Quantum Technologies (joint session HL/TT/TUT)

This tutorial features both the high hopes in Europe regarding quantum technologies and the underlying
physics of several promising routes towards economically relevant quantum information science as well
as the physics of a whole range of novel quantum devices.

Organized by Christian Enss (Heidelberg) and Erich Runge (Ilmenau) on behalf of the divisions TT and

HL.
Time: Sunday 16:00-18:25

Tutorial TT 1.1 Sun 16:00 H 0105
Quantum Technology - how is research funded? — eGERD
Leucas — Max Planck Institute for the Science of Light, Erlangen,
Germany

Quantum technology is a field in physics which experienced consider-
able growth recently and is about to generate real world applications
with significant economic potential. Scientists and research oriented
companies succeeded raising the awareness of politicians in Germany
and Europe.

As a consequence, the European Quantum Flagship, which will be sup-
ported by national initiatives (in Germany, QUTEGA, a BMBF funded
project), is currently in the process of being established. The goal is
to provide infrastructural and financial support to projects associated
to Quantum Technologies. The major focus is on connecting scien-
tific groups with players from industry who are interested in investing
into emerging quantum technologies such as quantum communication,
quantum metrology, quantum simulation and quantum computing.
For younger scientists, the structure and the political initiation pro-
cess of such funding initiatives is often lacking transparency. As the
national coordinator of the quantum initiative in Germany, I will try
to shed some light on this topic by reporting about the currently ongo-
ing foundation of the Quantum Flagship and the associated national
initiatives. Since the final structure of the Flagship is not yet fully
established, I will also share my experience with similar projects from
the past.

5 min. break

Tutorial TT 1.2 Sun 16:40 H 0105
Superconducting Quantum Circuits — eRupoLr GROSs —
Walther-Meifiner-Institut, Bayerische Akademie der Wissenschaften,
Garching, Germany — Physik-Department, TU-Miinchen, Garching,
Germany — Nanosystems Initiative Munich, Miinchen, Germany

Superconducting quantum circuits, consisting of inductors, capacitors
and Josephson junctions, can be flexibly engineered using modern thin
film and micro/nano-fabrication techniques. These quantum electronic
circuits behave quantum coherently with coherence times approaching
the millisecond regime. They are successfully used to study funda-
mental quantum effects and develop components for applications in
quantum technology. Examples are the tailoring of light-matter inter-
action, the development of sources and detectors for quantum light,
or the implementation of quantum information processing, quantum
metrology and quantum simulation systems. Meanwhile, several com-
panies such as Google, IBM or Intel have started the race towards
a universal quantum computer based on a superconducting hardware
platform.

Superconducting quantum circuits can also be successfully coupled
to nano-mechanical and magnetic systems. In the resulting hybrid
quantum systems different quantum degrees of freedom can be strongly
coupled, allowing for the coherent exchange of elementary excitations
such as pho-tons, phonons and magnons on a single quantum level.

I will give an introduction into the field of superconducting quantum

Location: H 0105

circuits and address recent advancements in the rapidly growing field
of superconducting quantum technology.

Tutorial TT 1.3 Sun 17:15 H 0105
Josephson junction based interferometers and amplifiers —
oSEBASTIAN KEMPF — Kirchhoff-Institute for Physics, Heidelberg
University, Im Neuenheimer Feld 227, 69120 Heidelberg, Germany.

Advances in science, health care or other areas of everyday life are
often accompanied by progress in physical instrumentation. The de-
velopment of ultra-sensitive detectors and sensors is therefore of great
importance and will not only influence our understanding of nature but
also future examination methods in medical care or search strategies
for natural resources. Quantum technology plays an important role in
these developments as superconducting quantum devices (SQDs) are
among the most sensitive measurement instruments presently existing
and enabling fascinating investigations of tiniest signals.

Josephson junction based interferometers and amplifiers are a spe-
cial class of SQDs which are very well suited for measuring variations
of tiny magnetic fields or any other physical quantity that can be nat-
urally converted into magnetic flux. They are based on the Josephson
effects as well as magnetic flux conservation and are used not only for
measuring biogmagnetic signals as induced for instance by the elec-
trical currents within the human brain but also to read out cryogenic
particle detectors, to explore mineral deposits within geoscience or for
magnetic sensing at nanoscale level.

I will give an introduction into this fascinating field, discuss differ-
ent kinds of devices such as the well-known superconducting quantum
interference device and highlight several applications for which Joseph-
son junction based interferometers and amplifiers are a key technology.

Tutorial TT 1.4 Sun 17:50 H 0105
Manipulation of quantum bits based on defect centres in di-
amond — eOLIVER BENSoN — Institut fiir Physik der Humboldt-
Universitat zu Berlin, Newtonstrasse 15, 12489 Berlin

Quantum information processing relies on initialisation, manipulation,
read-out and transmission of individual quantum bits. Defect cen-
tres in diamond are an example of stable, optically addressable single
quantum systems in a solid-state matrix [1-4]. Their electronic states
couple efficiently to light, and their energy level structure allows for
long spin coherence time in the ground state. Moreover, coupling to
nuclear spins in the diamond host provides storage of quantum bits
for seconds. With this all ingredients for a full quantum information
processing (QIP) architecture are present in one material platform. In
this presentation, we introduce the fundamental concepts of QIP in
diamond. We then describe recent breakthroughs, such as stationary
to flying quantum bit conversion and entanglement of distant quantum
bits [5]. Other applications of defect centres in diamond for quantum
sensing [6] will be discussed as well.

[1] F. Jelezko and J. Wrachtrup, Phys. Status Solidi A, 203, 3207
(2006). [2] V. Acosta, P. Hemmer, MRS Bull. 38, 127 (2013). [3] J. R.
Weber, et al., PNAS 107, 8513 (2010). [4] I. Aharonovich, et al., Rep.
Prog. Phys. 74, 076501 (2011). [5] H. Bernien, et al., Nature 497, 86
(2013) [6] S. Hong, et al., MRS Bull. 38, 155 (2013).
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TT 2: Focus Session: Recent Developments in Computational Many Body Physics (joint
session TT /DY)

This focus session provides an overview of recent achievements and new directions in the domain of
computational many body physics. Numerical simulations provide invaluable insights in fermion quan-
tum criticality, many body localization as well as in coupled fermion-boson systems. Tensor networks
offer immense possibilities to tackle problems in and out of equilibrium. Finally, new directions such
as machine learning and quantum computations will greatly impact the field. All these themes and

methods will be discussed by the invited speakers.

Organization: Fakher F. Assaad, Universitdt Wiirzburg; Reinhard Noack, Philipps-Universitéit Marburg

Time: Monday 9:30-12:45

Invited Talk TT 2.1 Mon 9:30 H 0104
Revealing Fermionic Quantum Criticality from New Monte
Carlo Techniques — oZ1 YaANG MENG — Institute of Physics, Chi-
nese Academy of Sciences, Beijing 100190, China

In this talk, I will present recent developments in the numerical inves-
tigations of fermionic quantum criticality in the form of Fermi surfaces
coupled to various critical bosonic fluctuations. The thence obtain itin-
erant quantum critical points reveal rich and fundamental physics that
has immediate impact on both theoretical and experimental investiga-
tions in the correlated electrons systems such as Cu- and Ir-based su-
perconductors, heavy-fermion systems as well as the interacting topo-
logical state of matter and phase transitions. These developments are
made possible due to the insightful model design as well as the timely
algorithmic developments in the Monte Carlo techniques.

Invited Talk TT 2.2 Mon 10:00 H 0104
Computational Approaches to Many-Body Localization —
eDaviD J. Lurrz — Physik Department T42, Technische Universitat
Miinchen, Germany

In the past decade, enormous progress has been made in the under-
standing of the phenomenon of many-body localization, a dynamical
phase of matter in strongly disordered interacting quantum systems far
from equilibrium. In particular, the understanding of the phase tran-
sition from an extended phase at weak disorder to a localized phase
at strong disorder relies heavily on state of the art numerical studies.
The numerically accessible system sizes have recently been increased
substantially by the introduction of advanced exact numerical tech-
niques: Exact sparse diagonalization as well as matrix product state
(MPS) techniques permit the calculation of highly excited eigenstates
of the system, whereas exact Krylov space time evolution methods and
MPS time evolution methods can be used to study the nonequilibrium
dynamics in generic many-body systems. I will give a short survey of
current exact numerical techniques (cf [1] for a detailed discussion) to
study the MBL phase as well as the transition regime and highlight
some results obtained by these approaches.

[1] D. J. Luitz, Y. Bar Lev, Annalen der Physik 529, 1600350 (2017)

Invited Talk TT 2.3 Mon 10:30 H 0104
Tensor Network Techniques and Dynamical Systems —
NicorLa Pancorti!, MicHAEL KNapp?, Davip Huse3, Mar: CAR-
MEN Banurs!, and elaNacio Crrac! — !Max-Planck Institut fiir
Quantenoptic, Garching, Germany — 2Technical University of Mu-
nich, Garching, Germany — 3University of Princeton, Princeton, US

Tensor networks can be used to efficiently describe the equilibrium
properties of many-body quantum systems with local interactions.
However, they fail to describe their dynamics, at least for long times.
In this talk we will present several methods based on tensor networks
to extract dynamical properties of one dimensional spin chains. In
particular, we will show how one can construct matrix product opera-
tors that quasi commute with the system Hamiltonian, and how this
is related to the thermalization process.

15 min. break.

Invited Talk TT 24 Mon 11:15 H 0104
Digital Quantum Simulation — eBELA BAUER — Station Q, Mi-
crosoft Research, Santa Barbara, CA 93106-6105, USA

Recent improvements in the control of quantum systems make it ap-
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pear feasible to build a quantum computer within a decade. One of the
most promising applications for a quantum computer is the simulation
of quantum systems that have thus far eluded numerical simulation on
conventional supercomputers. In this talk, I will review the relevant
models of quantum computation and survey some potential applica-
tions for a small quantum computer. I will then focus on the particular
case of simulating complex materials. We show that this important and
challenging problem can be tackled using a hybrid quantum-classical
algorithm that incorporates the power of a small quantum computer
into a framework of classical embedding algorithms.

Invited Talk TT 2.5 Mon 11:45 H 0104
Quantum Monte Carlo Simulation of Coupled Fermion-Boson
Systems — MANUEL WEBER, FAKHER AssAaAD, and eMARTIN Ho-
HENADLER — Institut fiir Theoretische Physik und Astrophysik, Uni-
versitdt Wiirzburg, Germany

Problems of fermions coupled to bosonic degrees of freedom can be
found in a variety of contexts in condensed matter physics. The bosons
may represent, for example, quantum lattice, spin, or orbital fluctua-
tions. Numerical simulations of such problems are challenging because
of the bosonic Hilbert space, the different time scales for the fermion
and boson dynamics, and the absence of efficient sampling methods
for the bosons. In this talk, recent advances in quantum Monte Carlo
simulations are presented. By integrating out the bosons, the original
problem can be reformulated in terms of fermions with a retarded in-
teraction. The latter can be simulated efficiently by continuous-time
quantum Monte Carlo methods. Especially in combination with global
updates, simulations can be carried out on system sizes currently in-
accessible by any other method. Applications to be presented include
the problem of competing electron-phonon couplings as well as charge-
density-wave transitions in one and two dimensions.

Invited Talk TT 2.6 Mon 12:15 H 0104
Machine Learning Methods for Quantum Many-Body Physics
— oGiusepPE CARLEO — ETH Zurich, Institute for Theoretical
Physics Wolfgang-Pauli-Str. 27 8093 Zurich - Switzerland

Machine-learning-based approaches are being increasingly adopted in
a wide variety of domains, and very recently their effectiveness has
been demonstrated also for many-body physics [1-4]. In this talk I will
present recent applications to quantum physics.

First, I will discuss how a systematic machine learning of the many-
body wave-function can be realized. This goal has been achieved in
[1], introducing a variational representation of quantum states based on
artificial neural networks. In conjunction with Monte Carlo schemes,
this representation can be used to study both ground-state and uni-
tary dynamics, with controlled accuracy. Moreover, I will show how a
similar representation can be used to perform efficient Quantum State
Tomography on highly-entangled states [5], previously inaccessible to
state-of-the art tomographic approaches.

I will then briefly discuss, recent developments in quantum infor-
mation theory, concerning the high representational power of neural-
network quantum states.

[1] Carleo, Troyer, Science 355, 602 (2017).

[2] Carrasquilla, Melko, Nature Physics 13, 431 (2017).

[3] Wang, Physical Review B 94, 195105 (2016).

[4] van Nieuwenburg, Liu, Huber, Nature Physics 13, 435 (2017).

[5] Torlai, Mazzola, Carrasquilla, Troyer, Melko, Carleo, arXiv:
1703.05334.
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TT 3: Superconductivity: Properties and Electronic Structure |

Time: Monday 9:30-13:00

TT 3.1 Mon 9:30 H 0110
Paramagnetic Meissner effect in Nb: 20 years after —
eMicHAEL KosLiscukal, Crossy Cuang?, Tuomas Haurer?, and
LapisLav Pust® — lInstitute of Experimental Physics, Saarland Uni-
versity, Campus C 6 3, D-66123 Saarbriicken, Germany — 2Institut
Jean Lamour, UMR CNRS-Université de Lorraine, 54506 Vandoevre-
lés-Nancy, France — 3ELI Beamlines, Institute of Physics AS CR, Za
Radnici 835, 25241 Dolni Brezany, Czech Republic

The paramagnetic Meissner effect (PME) was investigated in Nb sam-
ples which showed the PME already 20 years ago [1]. Magnetization
measurements (M (T') and M (H))were performed using different mag-
netometers (QD SQUID MPMS3 and PPMS). We could reproduce the
same PME behavior of the samples, despite the long storage time. In
this contribution, we compare the old results from 1997 to the new
data. The M (T)-data reveal the same principal features at the su-
perconducting transition, and the M (H)-data measured close to the
superconducting transition exhibit a change of the shape of the mag-
netization loops as in the original experiments. Furthermore, we also
observe the features of the PME transition to much higher fields as re-
ported previously. The measurements proof that the sample surfaces
were not altered due to storage.

[1] L. Pust, L. E. Wenger, M. R. Koblischka, PRB 58, 14191 (1998)

TT 3.2 Mon 9:45 H 0110
Strong coupling superconductivity in the aperiodic high-
pressure phase of bismuth — eKONSTANTIN SEMENIUK!, PHILIP
Brown!, STeEpHEN Hobpcson!, DianpiaN Wang!, BARTOMEU
MonNseErRAT21, CHRis Pickarp®?, and MavLre GRoscHE!
LCavendish Laboratory, University of Cambridge, UK — 2Dept.
of Physics and Astronomy, Rutgers University, Piscataway, USA
— 3Dept. of Materials Science, University of Cambridge, UK —
4 Advanced Institute for Materials Research, Tohoku University, Japan

Application of hydrostatic pressure to elemental materials surprisingly
often leads to the emergence of structurally complex phases [1]. Ex-
amples include aperiodic structures consisting of two incommensurate
sublattices, seen in high pressure phases of bismuth, antimony, barium
and other elemental metals. Aside from crystallographic characterisa-
tion, not many experiments have been conducted to explore the elec-
tronic and vibrational properties of these systems. We examine the
incommensurate host-guest structure of high pressure bismuth, Bi-III,
which superconducts below 7 K and has an anomalously large gra-
dient of resistivity against temperature below 50 K. We attribute its
properties to the existence of sliding modes, or phasons, which cause
enhanced electron-phonon scattering at low temperature and boost
electron-phonon coupling constant to A ~ 2.8, indicating unusually
strong coupling superconductivity for an element.

[1] M. I. McMahon, R. J. Nelmes, Chem. Soc. Rev. 35(2006)943.

TT 3.3 Mon 10:00 H 0110
Nonequilibrium transport in ultrathin aluminium films near
the vortex-unbinding transition — eKraus KRONFELDNER,
Lorenz Fuchs, and CHRISTOPH STRUNK — Institute for Experimen-
tal and Applied Physics, University of Regensburg, 93040 Regensburg,
Germany

We analyze I(V')-characteristics and ac-susceptibility of epitaxial alu-
minium films with thicknesses below 8 nm. The Berezinskii-Kosterlitz-
Thouless transition temperature Tg i1 is determined from the super-
fluid stiffnesses that are extracted from both measurement techniques.
For the dc-measurement the power-law criterion with slope 3 in log(V')
vs. log(I) is used to determine Tpgr. While the two independently
identified values for T are in good agreement for the lowest volt-
ages V, at higher V a pronounced concave curvature is visible in the
log(V') vs. log(I) plot. This curvature is traced back to both changes
in the superfluid stiffness and self-heating in presence of a driving cur-
rent.

TT 3.4 Mon 10:15 H 0110
Superfluid stiffness vs. electric resistance in the vicinity
of the Berezinskii-Kosterlitz-Thouless transition in ultrathin
aluminum films — eLoreENz Fucus, Kraus KRONFELDNER, IMKE
GRONWALD, DIETER SCHUH, DOMINIQUE BOUGEARD, and CHRISTOPH
STRUNK — Institute for Experimental and Applied Physics, University
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of Regensburg, 93040 Regensburg, Germany

We present superconducting properties of ultrathin aluminum films
with thicknesses below 8 nm. Transport measurements are carried
out in a low-noise DC configuration with IV curves spanning a voltage
range of 6 orders of magnitude. Resistances are extracted from the lin-
ear parts of the curves in the zero-bias limit. Discontinuous jumps by
a factor of up to 10° are observed above a critical current I.(T') at low
temperature T. For moderate voltages we find a power-law dependence
V o 1T = [147Js(T)/T - Quperfluid stiffness Js(T') o< 1/A2, which
is directly related to the magnetic penetration depth A, is measured
by a two-coil mutual inductance setup. We see clear signatures of a
Berezinskii-Kosterlitz-Thouless transition in the low-resistance tail of
the transition curve. Critical temperatures agree within a few mK for
the different methods. «(T) extracted from IV curves and indepen-
dently calculated from J,(T') are compared.

TT 3.5 Mon 10:30 H 0110
Unconventional superconductivity in MogGay; — eVALERIY
VERCHENKO!, RusTEM KnasanovZ, ZUuraB GUGUCHIAZ?, ALEXAN-
DER TSIRLIN®, MirosLav MARcCIN?, and ANDREI SHEVELKOV! —
IDepartment of Chemistry, Lomonosov Moscow State University,
Moscow, Russia — 2Laboratory for Muon Spin Spectroscopy, Paul
Scherrer Institute, Villigen PSI, Switzerland — 3Experimental Physics
VI, Center for Electronic Correlations and Magnetism, Institute of
Physics, University of Augsburg, Augsburg, Germany — *Institute of
Experimental Physics, Slovak Academy of Sciences, Kogice, Slovakia

Among intermetallics, gallium cluster phases - the compounds, which
crystal structures are built by gallium-based polyhedra with high coor-
dination numbers - are promising candidates for unconventional super-
conductivity. In this class of compounds, ReGas, MogGag1, MogGas1,
RhaGag and IraGag are known to superconduct at low temperatures.
Among the series, MogGay1 exhibits the largest superconducting tran-
sition temperature of T = 9.7 K in zero magnetic field. In our study,
we focused on MogGag1, aiming at the investigation of its macro- and
microscopic properties. For this purpose, thermodynamic measure-
ments as well as muon spin spectroscopy technique were employed.
According to the specific heat measurements and transverse-field muon
spin rotation/relaxation experiments, we classify MogGay; as a strong-
coupled superconductor with two s-wave superconducting gaps.

TT 3.6 Mon 10:45 H 0110
Two-gap superconductivity in the Ag;MogSgs Chevrel Phase
— eManNuEiL Fric!:2, Mares BosNnar?, CuristorH HeENNIGS, IGoR
VEREMCHUK?2, ANDREAS LEITHE-JAsPER?, and RoMaN GuMmENTUK 2
— nstitut fiir Experimentelle Physik, TU Bergakademie Freiberg,
Leipziger Strafie 23, 09599 Freiberg, Germany — 2Max Planck In-
stitute for Chemical Physics of Solids, N6thnitzer Strafe 40, 01187
Dresden, Germany — 3European Synchrotron Radiation Facility, 71,
Avenue des Martyrs, Grenoble, France

The Rietveld refinement of HR-PXRD data on the superconducting
Ago.92MogSs confirmed the Chevrel-like structure: SG R3, a = 9.3065
A and ¢ = 10.8310 A. Magnetization measurements revealed a super-
conducting transition at 7, = 7.9 K. The lower and upper critical
magnetic fields B,y = 12 mT and Be.s = 3.5 T were deduced from
the hysteresis. In contrast, measurements of the electrical resistivity
in different magnetic fields resulted in B.o = 7.4 T as well as the
GL-coherence length £¢, = 67 A, the GL-parameter x = 33 and the
London penetration depth Ay = 2204 A. The specific heat jump at the
superconducting transition Acy, /yT. = 1.77 is well above the value pre-
dicted by BCS theory (1.43), whereas the energy gap ratio A(0)/kpTe
= 1.55 obtained from an exponential fit of the electronic specific heat
ce from 0.35 K to 4 K is smaller than the theoretically predicted value
of 1.76. In agreement with the isostructural SnMogSg and PbMogSg
Chevrel phases [1], Ago.92MogSg is a two-band superconductor with
the gap ratios A1 /kpTe = 2.39 (95%) and Ag/kpTe = 1.03 (5%).

[1] A.P. Petrovi¢ et al., Phys. Rev. Lett., 106, 017003 (2011)

TT 3.7 Mon 11:00 H 0110
Strain-enhanced three-gap superconductivity in monolayer
MgBy — eALEx APERIs!, Jonas BEKAERT?, BART PARTOENS?,
MiLorAD V. MiLosevi¢?, and PETER M. OppENEER! — 1Uppsala
University, Uppsala, Sweden — 2University of Antwerp, Antwerp, Bel-
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Starting from first principles, we show the formation and evolution of
superconducting gaps in MgBso at its ultrathin limit. Atomically thin
MgB: is distinctly different from bulk MgB2 in that surface states be-
come comparable in electronic density to the bulk like o and 7 bands.
Solving the anisotropic Eliashberg equations with ab initio calculated
input for electrons, phonons and the electron-phonon coupling, we
show that monolayer MgBs develops three distinct superconducting
gaps, on completely separate parts of the Fermi surface due to the
emergent surface contribution. These gaps hybridise nontrivially with
every extra monolayer added to the film owing to the opening of ad-
ditional coupling channels. Furthermore, we reveal that the three-gap
superconductivity in monolayer MgBs is robust over the entire tem-
perature range that stretches up to a considerably high critical tem-
perature of 20 K. The latter can be boosted to T.>50 K under biaxial
tensile strain of ~ 4%, which is an enhancement that is stronger than
in any other graphene-related superconductor known to date.

15 min. break.

TT 3.8 Mon 11:30 H 0110
Hidden nesting as the origin of strong electron-phonon cou-
pling — ePHiLiPP KurzHALS, FrRANK WEBER, RoLr HEID, and
JonN-PauL CasTELLAN — Institute for Solid-State Physics, Karlsruhe
Institute of Technology, Karlsruhe, Germany

We report a combined inelastic neutron scattering and density-
functional theory investigation of a phonon anomaly in the supercon-
ductor YNizB2C assigned to strong electron-phonon coupling.

Band structure calculations indicate that the Fermi surface in the
material is not nested in the sense that there is no singularity in the
electronic joint density of states at the wavevector ganom = (0.55,0,0)
that could define the phonon anomaly.

We measured the evolution of the strong-coupling phonon mode in
a volume of reciprocal space around ganom to unravel the momentum
dependence of electron-phonon coupling expressed in the softening and
broadening of single phonon modes and compared it to predictions of
ab-initio lattice dynamical calculations.

Our combined results hint at a hybrid approach, in which a small
enhancement of the nesting properties is boosted by a concomitant
increase of the electron-phonon coupling matrix elements at the same
wavevector q.

TT 3.9 Mon 11:45 H 0110
Is there a relation between T, ,,q, and the superexchange
strength J? — eSivia MULLNER!, DiIRKk WULFERDING"2, PETER
LemmeNnsD2) MENY Suay?, GiL Dracauck®, Wayne CrRump?, JEFF
TaLLon*, and Amitr KEren® — 1IPKM, TU-BS, Braunschweig, Ger-
many — 2LENA, TU-BS, Braunschweig, Germany — 3Phys. Dep.,
Technion Haifa, Israel — 4RRI, Victoria Univ., New Zealand

Using Raman scattering the magnetic superexchange strength J can
be directly determined via two-magnon scattering. Two earlier Raman
scattering investigations on HTSC have shown contradicting relations
between J and Te¢ maz. We present new Raman scattering results of
various RE123 HTSC with different J and their relation with Te¢ mae.
Work supported by GIF 1171-486 189.14/2011.

[1] Wulferding, et al., PRB 90, 104511 (2014).

[2] Tallon, PRB 90, 214523 (2014).

[3] Ellis, et al., PRB 92, 104507 (2015).

TT 3.10 Mon 12:00 H 0110
Why T, is so low in high-T. cuprates: importance of the
dynamical vertex structure — eMoToHARU KiTATANI', THOMAS
Scuirer?3, Hipeo Aoki?, and KarsTeN HeELD! — 1Vienna Uni-
versity of Technology, Vienna, Austria — 2Collége de France, Paris,
France — 3Ecole Polytechnique, Palaiseau, France — %Advanced In-
dustrial Science and Technology (AIST), Ibaraki, Japan

We have applied the dynamical vertex approximation (DI'A), one
of the diagrammatic extensions of the dynamical mean field theory
(DMFT), for studying d-wave superconductivity in the repulsive Hub-
bard model on a square lattice. The result well reproduces the cuprate
superconducting phase diagram, with a reasonable T, and a supercon-
ducting dome. We have also decomposed the vertex correction contri-
butions to T, and traced back the dominant scattering processes, and
found that local particle-particle diagrams strongly screen the bare in-
teraction near the Fermi level, which act to suppress the pairing inter-
action. We shall discuss in detail how the dynamical vertex structure
passes from the local vertex to the magnetic vertex (spin-fluctuations)
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to the pairing interaction.

TT 3.11 Mon 12:15 H 0110
Terahertz and infrared spectroscopic study of in-gap ex-
citations in epitaxial DyBasCuszO7 superconducting films
— eRoBERT DawsonN, TiMoOFE!I LARKIN, DANIEL PutzKy, GEORG
CHRISTIANI, GENNADY LOGVENOV, ALEXANDER BORIS, and BERN-
HARD KEIMER — Max Planck Institute for Solid State Research, D-
70569 Stuttgart, Germany

Investigations of the electronic ground state properties of high-
temperature cuprate superconductors have revealed a complex array
of competing forms of order, suggesting the existence of dipole-active
excitations at low energies which evolve across a wide range of doping
levels. Unfortunately, the strong optical response of the supercon-
ducting condensate below T. masks low energy spectral features and
makes their direct measurement challenging. To address this issue we
have combined the three complementary phase-sensitive techniques of
millimeter-wave interferometry, high-resolution time domain terahertz
spectroscopy, and infrared ellipsometry to sensitively probe the in-gap
states of DyBasCu3zO7 epitaxial films grown by atomic-layer-by-layer
oxide MBE. We have obtained the continuous complex dielectric func-
tion in the spectral range of 0.5meV to 0.5eV and have observed its
evolution as a function of temperature between 7K and 300K. We
observe significant spectral weight accumulation at frequencies below
500GHz in the superconducting state, with 30% of the total charge car-
rier density remaining uncondensed even at temperatures below T /10.
We will discuss this result and its implications for the evolution of the
spectral weight distribution in the DBCO-1237 compound.

TT 3.12 Mon 12:30 H 0110
Transmission x-ray microscopy at low temperatures: watch-
ing superconductors at work eJULIAN SIMMENDINGER!,
STEPHEN Ruoss!, JoacHmM ALBRECHT?, and GIseLa ScHUTz!
IMax Planck Institute for Intelligent Systems, Heisenbergstr. 1, D-
70569 Stuttgart, Germany — 2Research Institute for Innovative Sur-
faces FINO, Beethovenstr. 1, D-73430 Aalen, Germany

Scanning transmission x-ray microscopy has been used to image elec-
tric currents in superconducting films at temperatures down to 20 K.
The magnetic stray field of supercurrents in a thin YBaCuO film is
mapped into a soft-magnetic coating of permalloy. The so created lo-
cal magnetization of the ferromagnetic film can be detected by dichroic
absorption of polarized x-rays. To enable high-quality measurements
in transmission geometry the whole heterostructure of ferromagnet, su-
perconductor and single-crystalline substrate has been thinned to an
overall thickness of less than 1 micron. With this novel technique local
supercurrents can be analyzed in a wide range of temperatures and
magnetic fields. A magnetic resolution of less than 100nm together
with simultaneuosly obtained nanostructural data allow the correla-
tion of local supercurrents with the micro- and nanostructure of the
superconducting film.

TT 3.13 Mon 12:45 H 0110
Single-gap superconductivity in Nb-doped SrTiO3 and su-
perconducting dome probed by microwave spectroscopy —
MaRrKUs THIEMANN', MANFRED H. BruTEL!, MARTIN DRESSEL!,
Nicuoras R. Lee-Hong?, Davip M. Broun?3, EvanceLos FiLLis-
Tsirakis?, Hans BoscHker?, JocHEN MANNHART?, and eMARC
ScuerrLER! — 11.  Physikalisches Institut, Universitit Stuttgart,
Stuttgart, Germany — 2Department of Physics, Simon Fraser Univer-
sity, Burnaby, Canada — 3Canadian Institute for Advance Research,
Toronto, Canada — “Max Planck Institute for Solid State Research,
Stuttgart, Germany

SrTiO3 exhibits a superconducting dome (critical temperature T, up
to 0.4 K) upon doping with Nb, which successively fills multiple bands
at the Fermi level. Using superconducting microwave stripline res-
onators at frequencies 2 to 23 GHz and temperatures down to 0.02 K,
we probe the low-energy optical response of superconducting SrTiO3
with charge carrier concentration from 0.3 to 2.2 x 102° cm™3 across
the superconducting dome. We find single-gap behavior [1| although
several electronic bands are superconducting in SrTiO3, and this pres-
ence of a single energy gap 2A due to gap homogenization over the
Fermi surface is consistent with the amount of defect scattering ob-
served in Nb-doped SrTiOs. Furthermore, we determine T, 2A, and
the superfluid density throughout the superconducting regime of Nb-
doped SrTiO3, and all three quantities exhibit the characteristic dome
shape as a function of Nb concentration.

[1] M. Thiemann et al., arXiv:1703.04716
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TT 4.1 Mon 9:30 H 2053
Dissipation by normal-metal traps in transmon qubits —
eRoMAN-PascaL Riwar!'2, RoBerr J. ScHOELKOPF?, LeoNID I.
Grazman2, and GianLuicl CATeLaNI! — LJARA Institute for Quan-
tum Information (PGI-11), Forschungszentrum Jiilich, 52425 Jiilich,
Germany — 2Departments of Physics and Applied Physics, Yale Uni-

versity, New Haven, CT 06520, USA

Quasiparticles are an intrinsic source of relaxation and decoherence
for superconducting qubits. Recent works have shown that normal-
metal traps may be used to evacuate quasiparticles, and potentially
improve the qubit life time. Here, we investigate how far the nor-
mal metals themselves may introduce qubit relaxation. We identify
the ohmic losses inside the normal metal and the tunnelling current
through the normal metal-superconductor interface as the relevant re-
laxation mechanisms. We show that the ohmic loss contribution de-
pends strongly on the device and trap geometry, as a result of the
inhomogeneous electric fields in the qubit. The correction of the qual-
ity factor due to the tunnelling current on the other hand is highly
sensitive to the nonequilibrium distribution function of the quasipar-
ticles. Overall, we show that even when choosing less than optimal
parameters, the presence of normal-metal traps does not affect the
quality factor of state-of-the-art qubits.

TT 4.2 Mon 9:45 H 2053
Coupling transmons to traveling waves by strongly blockaded
EIT — eFELIX MoTz01 and KLaus MoLMER — Dept. of Physics and
Astronomy, Aarhus University, Denmark

There are numerous proposals for entangling superconducting qubits
on separated chips, which can be used for modular computing archi-
tectures. Here, we present a method that employs itinerant traveling
waves, without the need for the light to be stored in the cavity or inter-
act directly with the qubit. Rather, an EIT mechanism is controlled
dispersively by the qubit in the cavity (by shifting it in and out of
resonance), effectively performing a CPHASE operation. By using an
ancillary transmon qubit, the light-matter coupling strength can be
greatly enhanced without negatively affecting the coherence time of
the device. Such a scheme can be used with coherent light fields and
without the need for measurement, offering potential for high practi-
cality.

TT 4.3 Mon 10:00 H 2053
Using Superconducting Qubits for analog Quantum Sim-
ulation — eOscar GarciuLo'?, STEFAN OLEscHKOD?, PHANI
MuppaLLab2, MAXIMILIAN ZANNERY2, ALEKSEI SHARAFIEV!2, and
GERHARD KIRcHMAIRY2 — LInstitute for Quantum Optics and Quan-
tum Information, Austrian Academy of Sciences, Technikerstrafe 21a,
A-6020 Innsbruck, Austria — 2Institute for Experimental Physics,
University of Innsbruck, Technikerstrae 25, A-6020 Innsbruck, Aus-
tria
In this talk I want to present the research activities of the Supercon-
ducting Quantum Circuits group at the Institute for Quantum Optics
and Quantum Information in Innsbruck. I will give an introduction
to circuit quantum electrodynamics and our 3D circuit QED archi-
tecture. I will show how we want to use this architecture to realize a
platform for quantum many body simulations of dipolar XY models on
2D lattices using state of the art circuit QED technology. The central
idea is to exploit the naturally occurring dipolar interactions between
3D superconducting qubits to simulate models of interacting quantum
spins. The ability to arrange the qubits on essentially arbitrary geome-
tries allows us to design spin models with more than nearest-neighbor
interaction in various geometries.

TT 4.4 Mon 10:15 H 2053
Fast flux control of 3D transmon qubits ®STEFAN
Orescuko!?, OscarR GARGiULoM2, PuAaNI MuppaLLAl2, MAXIMIL-
1AN ZANNERD2| ALEKSEI SHARAFIEV) 2, and GERHARD KIRCHMAIR!:2
— lInstitute for Quantum Optics and Quantum Information, Austrian
Academy of Sciences, Technikerstrafse 21a, A-6020 Innsbruck, Austria
— 2Institute for Experimental Physics, University of Innsbruck, Tech-
nikerstrafe 25, A-6020 Innsbruck, Austria

An important feature in analog quantum simulation experiments with
superconducting qubits [1] is the possibility to change the frequency
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of SQUID-based transmon qubits by applying magnetic flux. Imple-
menting fast flux control on a transmon remains challenging in the 3D
cavity architectures due to the presence of a massive metallic cavity.
Here we introduce a new approach for fast flux control of 3D transmon
qubits. We use a magnetic hose similar to the one proposed by C.
Navau et al [2] to guide a fast flux pulse from the outside to the inside
of a microwave cavity. This hose enables us to locally circumvent any
magnetic shielding effects such as the appearance of eddy currents in
cavities made out of copper or the Meissner effect in superconducting
cavities made out of aluminum. First experiments show that the tran-
sition frequency of a transmon can be tuned within 50 nanoseconds.
Besides the high speed, the frequency shift is precise, without showing
any ringing or hysteresis. Using a magnetic hose with an aluminum
cavity preserves the benefits of a superconducting cavity, like providing
magnetic field shielding and a high internal quality factor, along with
the possibility to fast-tune individual qubits.

TT 4.5 Mon 10:30 H 2053
Transmon qubit circuits based on semiconduc-
tor/superconductor core/shell nanowire Josephson junc-
tions — ePaTRIcK ZELLEKENSD 2, STEFFEN ScHLOR3, ToBias
ZiecLERY2, NicorLas Gusken'2, TorsTEN RIEGeEr!?, BENJAMIN
BeNNEMANNT2 MiuaiL Ion Lepsal:2, DeTLEV GRUTZMACHERDZ,
MARTIN WEIDEs?, and THoMAs ScHAPERs!'2 — 1Peter Gruenberg
Institute 9, Forschungszentrum Juelich, 52425 Juelich, Germany
— 2JARA - Fundamentals of Future Information Technologies —

3Physikalisches Institut, Karlsruher Institut fiir Technologie

State-of-the-art qubits, like the transmon, are typically tuned in fre-
quency by a magnetic field. Our goal is to fabricate and characterize
an electrically tunable qubit in the GHz regime, using a semiconduc-
tor nanowire Josephson junction as nonlinear element. Thereby it is
possible to tune the resonance frequency of the qubit without a mag-
netic flux bias. The main limitation for the qubit performance is the
semiconductor-superconductor interface as well as the coherence prop-
erties of the surrounding circuit. In order to address this issue and
to optimize the interface properties, an in-situ fabrication approach
was chosen, in which the nanowire is directly covered with a supercon-
ducting shell. Subsequently, Josephson junctions are fabricated and
electrically characterized at low temperature. Finally, implementa-
tions as building blocks for 2-dimensional transmon qubits based on
TiN will be shown.

TT 4.6 Mon 10:45 H 2053
Flux-Noise Spectroscopy on a Superconducting Transmon
Qubit — eTm Worz!, ANDRE ScHNEIDER!, JOCHEN BRAUMOULLER!,
ArLexgey V. Ustinovb2, and MaARrRTIN WEIDEs!3 — !Physikalisches
Institut, Karlsruhe Institute of Technology, Karlsruhe, Germany —
2Russian Quantum Center, Moscow, Russia — 3Institut fiir Physik,
Johannes Gutenberg Universitdt, Mainz, Germany

Superconducting qubits can act as noise sensors because their decoher-
ence times under certain pulse sequences can be linked to the system’s
noise power spectral density (PSD). These sequences also set the ob-
servable frequency range of the PSD. The PSD during free evolution
of the qubit can be obtained with a dynamical decoupling (CPMG-
) pulse sequence, which renders the qubit only susceptible to noise
within a narrow frequency band. The PSD during driven evolution
is measured with a so-called spin-locking sequence, during which only
noise at the Rabi frequency can affect the qubit. Both protocols were
successfully tested on a flux qubit by Bylander [1] and Yan [2]. In this
work, we apply these two protocols to a tunable concentric transmon
[3], overcome the challenge of the transmon’s low anharmonicity by
using DRAG pulses and compare the PSDs of free and driven evolu-
tion. Our results show a clear 1/f dependence in both cases, as well
as a white spectrum at frequencies above 1 MHz during free evolution.
The successful application of these protocols to a transmon permits
magnetic noise sensing with such a qubit in future experiments.

[1] J. Bylander et al., Nat. Phys. (2011).

[2] F. Yan et al., Nat. Comm. (2013).

[3] J. Braumiiller et al., Appl. Phys. Lett. (2016)

TT 4.7 Mon 11:00 H 2053
Adding ZZ-coupling to transmon qubits — eALEXANDER

StenLi', JocHEN BrAUMULLER!, HANNES ROTZINGER!', ANDRE
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ScHNEIDER!, MARTIN WEIDES!, and ALExEY V. UsTINOV
b K

IPhysikalisches Institut, Karlsruher Institut fiir Technologie, Karl-
sruhe, Deutschland — 2Russian Quantum Center, National Institute
of Science and Technology MISIS, Moscow, Russia

1,2

Versatile quantum elements enable higher connectivity for quantum
computing or the quantum simulation of intricate physics using only
few physical qubits. In superconducting quantum circuits, the trans-
mon qubit is the most widely used architecture, owed to its robustness
and good coherence properties. While typical transmon designs solely
allow for an XX-interaction between neighboring qubits, the concen-
tric transmon [1] was predicted to feature an additional ZZ-coupling
[2]. Tt is mediated by the non-vanishing dc magnetic field of the qubits
in the flux-biased state.

In this work, we explore the possibility of ZZ-interaction between
two concentric transmon qubits. The qubits are galvanically coupled
to maximize their mutual inductance, which is proportional to this
effect. In time-resolved microwave measurements, we determine the
ZZ-coupling strength from a shift of the qubit transition frequency.
First experiments indicate a coupling strength on the order of several
MHz.

[1] J. Braumiiller et al., Appl. Phys. Lett. 108, 032601 (2016)
[2] J.-M. Reiner et al., Phys. Rev. A 94, 032338 (2016)

15 min. break.

TT 4.8 Mon 11:30 H 2053
Qubit readout using a transmon with a V-shaped energy di-
agram — REMY DAssONNEVILLE, LucAa PrLaNAT, JAVIER PUERTAS,
Farsuap ForouaHl, CECILE NAUD, WIEBKE GUICHARD, NICOLAS
RocH, and eOLIVIER BuissoNn — University Grenoble Alpes & CNRS,
Institut Néel, F-38000 Grenoble, France.

The most widely used scheme to perform qubit readout in cQED relies
on the dispersive coupling between a qubit and a harmonic oscillator.
However, despite important progresses, implementing a fast and high
fidelity readout remains nowadays a major challenge. Indeed, inferring
a qubit state is limited by the trade-off between speed and accuracy
due to Purcell effect and transitions induced by readout photons in the
resonator. To overcome this, we introduce a new device: a transmon
with a V-shaped energy diagram, embedded in 3D architecture. It
is made of two transmons coupled via a large inductance[l]. The re-
sulting circuit presents two qubits longitudinally coupled called qubit
and ancilla. Using symmetry rules|2], the ancilla can be strongly cou-
pled to the cavity while the qubit remains uncoupled. However due to
their strong longitudinal coupling, the qubit state can still be inferred
through the ancilla state. A theoretical study|3| has predicted a QND
readout with fidelity as high as 99.9

[1] E. Dumur, et al, Phys. Rev. B 92, 020515(R) (2015).

[2] E. Dumur, et al, IEEE Trans. Appl. Supercond. 26, 1700304
(2016).

[3] I.Diniz, et al, , Phys. Rev. A 87, 033837 (2013).

TT 4.9 Mon 11:45
Decoherence mechanisms in transmon qubits:
Ultra-low frequency noise and switching events
— oSTEFFEN ScCHLOR!, ANDRE SCHNEIDER!, JURGEN LISENFELD!,
MARTIN SANDBERGZ, DaviDp P. Pappas?, ALExey V. UstiNov!, and
MARTIN WEIDEs!3 — 1Physikalisches Institut, Karlsruhe Institute of
Technology, Germany — 2National Institute of Standards and Tech-
nology, Boulder, USA — 3Institute of Physics, Johannes Gutenberg
University Mainz, Germany

H 2053

Today’s quantum computers made of highly coherent superconducting
qubits are already capable to find the electronic ground state of small
molecules [1]. The complexity and number of qubits on single chips
having gate fidelities at or beyond the threshold for fault-tolerant quan-
tum computing [2] keeps growing. Their longer operation times shift
the focus towards decoherence mechanisms and fluctuations occurring
on time scales of hours or even days.

We present the results of such long-term measurements of a high-
coherent, non-tunable transmon qubit. We perform simultaneous mea-
surements of the qubit’s relaxation and dephasing rates as well as res-
onance frequency shifts and analyze their correlations. These yield
information about the microscopic origin of decoherence mechanisms,
their interacting with the qubit, and their fluctuation dynamics. From
a spectral noise analysis, we obtain evidence for the presence of a small
number of dominant fluctuators.

[1] A. Kandala et al., Nature 549(7671), 2017
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[2] R. Barends et al., Nature 508(7497), 2014

TT 4.10 Mon 12:00 H 2053
Parametrically activated two-qubit interactions in a super-
conducting qubit system — eMaRrc GaNzHORN!, MaRco RoTHZ,
GiaN SaLis!, NikoLas MoLL!, SEBAsSTIAN ScHMIDT3, and STEFAN
Firpp! — 1IBM Research, Zurich, Switzerland — 2RWTH, Aachen,
Germany — SETH, Zurich, Switzerland

A current bottleneck for quantum computation is the realization of
high-fidelity two-qubit operations in arrays of more than two coupled
qubits. Gates based on parametrically driven tunable couplers offer a
convenient method to entangle multiple qubits by selectively activat-
ing different interaction terms in the effective Hamiltonian. Here we
present experimental results on a system comprising fixed-frequency
superconducting transmons capacitively coupled to a tunable coupler
(in this case a flux tunable qubit). The two-qubit interactions are
activated via a parametric frequency modulation. We realize differ-
ent types of interactions with fidelities up to 97% by adjusting the
frequency and phase of this modulation. Our experimental findings
are backed by numerical simulations, revealing that the fidelities of
these two qubit operations are limited by the coherence of the tunable
coupler. Finally, using such a set of single and two qubit interactions,
simulation of quantum systems such as molecules or spin systems could
be realized.

TT 4.11 Mon 12:15 H 2053
Suppression of the low-frequency decoherence by Bell-state
motion — eANDREY VaseNko! and DmiTrI AvERIN? — !National
Research University Higher School of Economics, 101000 Moscow, Rus-
sia — 2Department of Physics and Astronomy, Stony Brook University,
SUNY,Stony Brook, NY 11794, USA

As demonstrated recently, in the realistic situation when the low-
frequency noises are uncorrelated among different physical supercon-
ducting qubits, transfer of individual logical qubits in arrays of phys-
ical qubits can be used to suppress the low-frequency decoherence of
quantum information encoded in the logical qubits [1]. The purpose
of this work is to show that, if the quantum information is encoded in
the Bell-type logical states, the transfer of these states through an ar-
ray of physical qubits implements simultaneously the motion-induced
and spin-echo suppression of decoherence leading to a qualitatively
stronger tool against the low-frequency noise than is provided by the
two approaches separately [2]. We also discuss the coexistence of the
motion-induced suppression of decoherence and more complicated dy-
namic decoupling-schemes, like Carr-Purcell pulse sequence.

[1] D. V. Averin, K. Xu, Y. P. Zhong, C. Song, H. Wang, and Siyuan
Han, Phys. Rev. Lett. 116, 010501 (2016).

[2] D.V. Averin and A.S. Vasenko, in preparation.

TT 4.12 Mon 12:30 H 2053
In-situ tunable environment for superconducting qubits —
oJ. Gorrz!, M. Suveri»?, K. Y. Tan!, M. PARTANEN!, A.
M. Gunvrol, D. Hazral, V. VesTeriNen!3, J. Hasser3, L.
GRONBERG3, H. GRaABERT?, and M. Mo6TTONEN! — 1QCD Labs,
Department of Applied Physics, Aalto University, Aalto, Finland —
2University of Oulu, Research Unit of Theoretical Physics, Oulu, Fin-
land — 3VTT Technical Research Centre of Finland Ltd, VI'T, Fin-
land — #University of Freiburg, Department of Physics, Freiburg, Ger-
many

Superconducting quantum circuits hold great potential in providing
revolutionizing practical applications such as quantum sensing or com-
puting. However, in many cases noise limits the operation and the
fidelity of these circuits. Here we introduce a concept that exploits
noise instead of trying to reduce it. Our concept uses photon-assisted
single-electron tunneling as a controlled source for dissipation in su-
perconducting qubits. We show how the recently developed quantum-
circuit refrigerator [1], QCR, is suitable to control the dynamics of
superconducting qubits. In our experiments, the QCR works as a
voltage-controlled environmental bath for the qubit. The qubit-bath
coupling strength can be tuned over several orders of magnitude on
a nanosecond timescale. Such a tunable environment is promising for
fast qubit reset and studies of dissipative open quantum circuits. Our
highly integrable circuit architecture may prove useful in the initial-
ization of qubit arrays and in dissipation-assisted quantum annealing.
[1] K. Y. Tan, et al., Nature Commun. 8, 15189 (2017)

TT 4.13 Mon 12:45 H 2053
Rapid High-Fidelity Multiplexed Readout of Superconduct-
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ing Qubits — eJoHANNES HEINSOO, CHRISTIAN KRAGLUND ANDER-
SEN, ANTS REMM, SEBASTIAN KRINNER, YVES SALATHE, THEODORE
WALTER, SIMONE GASPARINETTI, JEAN-CLAUDE BESSE, ANTON Po-
TOCNIK, CHRISTOPHER EICHLER, and ANDREAS WALLRAFF — ETH
Ziirich

The duration and fidelity of qubit readout is a critical factor for appli-
cations in quantum information processing as it limits the fidelity of
algorithms, which reuse qubits after measurement or apply feedback

based on the measurement result. In this talk we discuss the results of
a fast multiplexed readout experiment performed on five qubits with
readout resonators populated for less than 200 ns. We find that the
probability of assigning the individual qubit to be in the state we
intended to prepare, is above 95% for all five measured qubits. In
addition, the data shows that individual Purcell filters used in this ex-
periment lead to reduced measurement induced dephasing of the qubits
we did not intend to measure.

TT 5: f-Electron Systems and Heavy Fermions |

Time: Monday 9:30-13:00

TT 5.1 Mon 9:30 H 3005
X-ray absorption study of Sn and Cd substituted CeColns
— Kar Cuenb% Fapro STriGaRI', MARTIN SUNDERMANND2:3 | STE-
FANO AcRESTINIZ, ZHIwEl Hu?, DavipE BerTo?, KURT KUMMER?,
JaviErR HERRERO®?, STEFFEN WIRTHZ, and e ANDREA SEVERING12 —
LUniversity of Cologne, Institute of Physics II, Cologne, Germany —
2Max Planck Institute for Chemical Physics of Solids, Dresden, Ger-
many — SPETRA III, Deutsches Elektronen-Synchrotron (DESY),
Hamburg, Germany — %European Synchrotron Radiation Facility
(ESRF), Grenoble, France — SALBA Synchrotron, Barcelona, Spain
— Gpresent address: SOLEIL Synchrotron, Saclay, France

In a previous soft x-ray absorption investigation of the crystal-
electric field wave function of the CeRhj_,Ir,Ins substitution series
we showed that changes in the cerium wave function correlate with
the phase diagram while these changes anticorrelate with the lattice
anisotropy. Here we will present the crystal-electric field wave func-
tions for two other related substitution series: CeCo(Inj_,;Cdg)s and
CeCo(Iny_ySny)s5. The parent compound CeColns is an unconven-
tional superconductor (T.=2.3K) with a field-induced antiferromag-
netic quantum critical point inside the superconducting dome. The
substitution of tiny amounts of In by Cd or Sn suppresses supercon-
ductivity. Sakai et al. suspected that Cd and Sn doping has a different
impact on hybridization. Our soft x-ray absorption results strongly
support this conjecture and show that M-edge XAS is a very sensitive
probe of the direction dependence of hybridization.

TT 5.2 Mon 9:45 H 3005
Magnetic field dependence of the zone-center excitation in
the heavy-fermion metal CeBg — oP. Y. PORTNICHENKO!, S.
E. Nmxitin!2, S. V. Demisaev?, A. V. SemeNo?, H. Onta%, A.
V. DukuNeENko®, N. Yu. SwurtsevaLova®, V. B. Fiuirov®, Z.
Huesces®, Z. Lu%, A. SceNeEmpEWIND?, and D. S. INnosov! — 1TU
Dresden, Germany — 2MPI-CPfS Dresden, Germany — 3GPI of RAS,
Moscow, Russia — 4Kobe University, Japan — IMPS, Kiev, Ukraine
— SHZB, Berlin, Germany — “JCNS, Jiilich, Germany

The heavy-fermion metal CeBg with a simple cubic crystal structure
is characterized by a rich magnetic-field —temperature phase diagram.
Neutron scattering experiments showed an intense ferromagnetic col-
lective mode that dominates the magnetic excitation spectrum. ESR
measurements revealed a significant anisotropy of the g-factor as a
function of the applied field direction. The g-factor remains temper-
ature independent and isotropic for field directions like [110] or [111],
but shows a noticeable anomaly for B || [100]. Knowing that the
energy of the ESR resonance matches perfectly with that of the field-
induced INS excitation, we expected a corresponding softening of the
zone-center mode in field parallel to [100]. However, our results show
absolutely no temperature effect on the g-factor at high fields. We
observe significant difference of the resonance energy upon change of
the field direction. Observed difference of the resonance energy can
be explained either by anisotropy or by redistribution of the spectral
weight between two collective magnetic modes, which we perceive as a
change of the resonance energy.

TT 5.3 Mon 10:00 H 3005
Doping-induced redistribution of magnetic spectral weight
in substituted hexaborides Ce;_,La;Bg and Ceg.7Ndg.3Bg —
eS. E. Nikitin!2, P. Y. PorrnicHENKO?, A. V. DukHNENKO?, N.
Yu. SHiTsevaLova®, V. B. FiLipov3, Y. Qiv%, J. A. RODRIGUEZ-
Rivera%®, J. OrLivier®, and D. S. Inosov? — IMPI CPfS, Dres-
den, Germany — 2TU Dresden, Germany — SI.M. Frantsevich Inst.
for Problems of Materials Sci. of NAS, Kiev, Ukraine — 4NIST Cen-
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ter for Neutron Research, Maryland, USA — % University of Maryland,
USA — SILL, Grenoble, France

CeBg is a model example of intriguing heavy-fermion physics. At zero
field it exhibits a complex magnetic phase diagram with antiferromag-
netic (AFM) and “hidden order” phases, which is associated with the
ordering of Ce31 antiferroquadrupolar (AFQ) moments. Our recent
ARPES and INS measurements have shown that both propagation vec-
tors of AFQ and AFM phases are dictated by the nesting instability
of the Fermi-surface. In this work we have extended this approach
to probe the evolution of the electronic properties cerium hexaboride
upon La and Nd substitutions. We observe that strong diffuse peak
at the corner of the Brillouin zone, which coincides with the propa-
gation vector of the elusive AFQ order in CeBg, is rapidly suppressed
by both La and Nd doping, like the AFQ order itself and the cor-
responding spectral weight is transferred to the X(%OO) point. Our
results provide direct evidence that the complex magnetic phase dia-
grams of substituted hexaborides are dictated by the evolution of the
Fermi-surface upon effective “hole”’-like doping.

TT 5.4 Mon 10:15 H 3005
Investigation of the surface properties of SmBg by STM —
oLiN Jiaol, Sanana RossLEr!, PrisciLa F. S. Rosa??3, LivHao
TieNG!, ZacHARY Fisk?, FRANK StTeEGLIcH!, and STEFFEN WIrrH!
— 1Max-Planck-Institute for Chemical Physics of Solids, Dresden,
Germany — 2Department of Physics, University of California, Irvine,
California, USA — 3Los Alamos National Laboratory, Los Alamos,
New Mexico, USA

We present scanning tunneling microscopy and spectroscopy measure-
ments on SmBg, which is a candidate material for a topological Kondo
insulator. The measurements were conducted on non-reconstructed
(001) surfaces [1,2] at temperatures down to 0.35 K. At these low tem-
peratures, we observe several well-resolved states within the hybridiza-
tion gap of SmBg. The temperature evolution of the tunneling spectra
indicates two energy scales, in line with bulk and surface Kondo effect,
respectively [3]. Moreover, we can put our results into perspective
with the predicted existence of topologically protected surface states.
In this respect, we will also present spectroscopic as well as resistiv-
ity results on substituted samples (Smj_zRz)Be for R = Gd, Y, Yb
and, in particular, discuss the influence of magnetic substituents on
the topological surface states.

[1] S. RoRler et al.,, Proc. Natl. Acad. Sci. USA 111, 4798 (2014).

[2] S. RoRler et al., Phil. Mag. 96, 3262 (2016).

[3] L. Jiao et al, Nat. Commun. 7, 13762 (2016).

TT 5.5 Mon 10:30 H 3005
simulations of rare-earth hexaborides
oFLORIAN Soun!, STEFFEN Backrs?, SAIvATORE R. MaNMANAl,
Roser VALENT3, and PeETeErR E. BrocHLD? — lInstitut fiir the-
oretische Physik, Georg-August-Universitdt Gottingen, Germany —
2Institut fiir theoretische Physik, Technische Universitidt Clausthal,
Germany — S3Institut fiir theoretische Physik, Goethe-Universitit
Frankfurt am Main, Germany — “Centre de Physique Théorique,
Ecole polytechnique, Palaiseau, France

DFT+4+DMFT
1

3

Rare-earth hexaborides (REBg) are strongly correlated materials,
where the strong Coulomb interaction between electrons in the rare
earth’s f-electron shell influence the electronic properties of the whole
material decisively. REBg exhibit a variety of low-temperature phe-
nomena, including antiferromagnetic ordering for most partially filled
f-shells, ferromagnetic ordering in EuBg, superconductivity for LuBg,
topological insulating behavior in SmBg and a complex phase diagram
with Kondo behavior in CeBg. We present results of DFT+DMFT
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simulations performed on selected REBg, in particular for the spectral
function. For the DFT calculations, the Wien2k code is applied, while
for the DMFT we employ the continuous-time hybridization expan-
sion quantum Monte Carlo (CT-HYB) matrix code of the ALPSCore
project. Our goal is to compare with ARPES experiments.

We gratefully acknowledge financial support by the DFG project
PR298/19-1.

TT 5.6 Mon 10:45 H 3005
Magnetic anisotropy in YDbRhgSis single crystals
oSEBASTIAN WITT, DoAN-My TRrRAN, and CORNELIUS KRELLNER —
Physikalisches Institut, Goethe University Frankfurt, D-60438 Frank-
furt

Recently, researchers have started to investigate the structural proper-
ties of rhodium-rich silicides RERhgSis (RE = rare earth) [1]. The new
interest in these hexagonal and non-centrosymmetric compounds de-
rives from the suppression of a ferromagnetic transition to a quantum
critical point in Si-doped CeRhgGes. Recently, a magnetic transition
at 4.5K in YbRhgSig polycrystals was reported.

Here, we present the single crystal growth of YbRhgSig4 with indium
flux. In first measurements (susceptibility, resistivity and specific heat)
we have investigated the magnetic transition around 4.5K in needle-
shaped single crystals. In susceptibility and resistivity data the mag-
netic anisotropy for field along and perpendicular to the c-direction
will be presented.

[1] D. VoRwinkel et al., Z. Naturforschung B, 72, 11 (2017).

TT 5.7 Mon 11:00 H 3005
A Study of the Ferromagnetic and Lifshitz Phase Tran-
sitions in the Heavy-Fermion Metal YbNisPs by Ultra-
sonic Measurements — eYEEKIN Tsui, LArRs PosTuLkA, BERND
Worr, UrLricH TutscH, KrisTIN KrLiEmMT, CORNELIUS KRELLNER,
and MicHAEL LaNc — Goethe-Univeristdt, Physikalisches Institut
SFB/TR49, D-60438 Frankfurt(M),Germany

YbNiy Py is a stoichiometric heavy-fermion Kondo-lattice system with
a Kondo temperature of 8 K [1]. This system is situated in the close
vicinity of a ferromagnetic (FM) quantum-critical point (QCP) and
can be tuned to the FM QCP by substituting a small amount of phos-
phorous by arsenic [1]. Recently, nine field-induced Lifshitz transi-
tions (LTs) have been proposed in YbNigPy [2] from the results of
the transport and thermodynamic measurements, revealing a compli-
cated electronic band structure of the system. We have performed
ultrasonic measurements on single crystals of YbNigPy to deepen the
understanding of these phase transitions. We found clear features in
the ultrasound velocity (v) and the attenuation («) corresponding to
crystal-electric-field and Kondo effects. However, we detected no or
very small anomalies in v or o at the expected FM phase transition
in the longitudinal ¢33 mode, reflecting a weak coupling of the corre-
sponding symmetry strain to the magnetic structure. On the other
hand, pronounced features were identified at the proposed Lifshitz
transitions at roughly 0.4, 6 and 7 T clearly demonstrating the dif-
ferent character of these transitions.

[1] A. Steppke et al., Science 339 (2013) 933.

[2] H. Pfau et al., Physical Review Letters 119 (2017) 126402.

15 min. break.

Invited Talk TT 5.8 Mon 11:30 H 3005
Superconductivity in YbRh2Sis — eErwIN ScHUBERTH — Tech-
nische Universitat Miinchen

Our recent experiments on YbRhaSis showed - aside from the well
known antiferromagnetic transition at 70 mK - two new phases below
10 mK and 2 mK respectively[l]. The latter is practically coinciding
with superconductivity. Evidence for these findings came from mag-
netic susceptibility measurements, dc as well as ac, performed at the
Walther-Meissner Institut in Garching. The 2mK A-phase transition
is a hybrid electronic-nuclear spin transition and it extends to fields
of 23 mT where it is suppressed to below our detection limit of 800
pK. In addition, specific heat data show, that at this transition a large
entropy is involved coming from the nuclear spins of the Yb isotopes.
Here we present additional, unpublished results around and below this
temperature up to the Quantum Critical Point at 60 mT. Also, we re-
analyzed previous data on the magnetic susceptibility of CeCug taken
in Garching and Cornell in 1994 [2]. The results are very similar to
those of YbRh2Sis and it is very likely that the same mechanism holds
in both systems.
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[1] E. Schuberth et al., Science 351, 485 (2016)
[2] C. Jin et al., Physica B 194-196, 207-208 (1994)

TT 5.9 Mon 12:00 H 3005
Crystal field scheme of the topologically non-trivial Kondo

insulator CeRusSng determined by RIXS — eANDREA
Amoresel?2, Kurr KuMMER3, OLIVER STOCKERT2, ANDREY
ProkoriEv?, SiLKE PascHEN?, Maurits HAVERKORT?, and AN-

DREA SEVERINGD2 — lInstitute of Physics II, University of Cologne,
Cologne, Germany — 2Max Planck Institute for Chemical Physics of
Solids, Dresden, Germany — 3European Synchrotron Radiation Fa-
cility (ESRF), Grenoble, France — *Institute of Solid State Physics,
Vienna University of Technology, Vienna, Austria — °Institute for
Theoretical Physics, Heidelberg University, Heidelberg, Germany

Rare earth Kondo insulators have the potential for being strongly cor-
related topological insulators and CeRu4Sng is one of the promising
candidates. Unfortunately, in the presence of correlations the mod-
els employed for describing the topological insulating properties lack
reliability so that information about the electronic structure must be
determined experimentally. In particular, the degeneracy of the the
Ce3t Hund’s rule ground multiplet is lifted in CeRusSng by the crys-
tal electric field (CEF), but the CEF potential was up to now only
partially characterized, due to limitations of the traditional neutron-
based techniques. Resonant inelastic soft x-ray scattering (RIXS) has
been recently shown to be a very powerful tool to overcome these limi-
tations. With RIXS the ground state and excited Hund’s rule multiplet
are accessible and due to the resonant process the electronic excitations
are pure and not overshadowed by e.g. phonons. With soft RIXS we
have fully determined the CEF scheme of CeRu4Sng.

TT 5.10 Mon 12:15 H 3005
Nuclear magnetic resonance investigation of the novel heavy
fermion system Ce;CoAl;Gey — eApam P. Diocuarpil-2, Pe-
pro Guzman?3, PrisciLa F. S. Rosa?, NIRMAL J. GHIMIREZ, SER-
ENA ELey?, Stuart E. Brown®, Jor D. Tuowmpson?, Eric D.
Baugr?, and FiLip RonNING? — 'IFW Dresden, Institute for Solid
State Research, P.O. Box 270116, D-01171 Dresden, Germany — 2Los
Alamos National Laboratory, Los Alamos, New Mexico 87545, USA
— 3Department of Physics and Astronomy, UCLA, Los Angeles, Cal-
ifornia 90095, USA

We present nuclear magnetic resonance (NMR) and nuclear quadrupole
resonance (NQR) measurements performed on single crystalline
CeaCoAl7;Gey, a member of a recently discovered family of heavy
fermion materials Cea M Al7;Ges (M = Co, Ir, Ni, or Pd). A clear
Knight shift anomaly (K ¢ x) is observed at coherence temperatures
T* ~ 17.5 K for Hp || ¢ and 10 K for Hy || @ at the ®9Co site, and
T* ~ 12.5 K at the 27Al(3) site for Hy || & characteristic of the heavy
fermion nature of this compound. At high temperatures the °Co NMR
spin-lattice relaxation rate T ! is dominated by spin fluctuations of
the 4- f local moments with a weak metallic background. Furthermore,
we find (T1TK)~! oc T=1/2 at the 59Co site as expected for a Kondo
system for T < T* and T < Tg. 99Co NQR T, ! measurements at
low temperatures indicate slowing down of spin fluctuations above the
magnetic ordering temperature Ths ~ 1.8 K. A weak ferromagnetic
character of fluctuations around q = 0 is evidenced by an increase of
xT vs T above the magnetic ordering temperature.

TT 5.11 Mon 12:30 H 3005
Optical response of Cerium-based clathrates — FARZANEH
ZAMANI', oSTEFAN KircHNER?, and SILKE PascHENS
1Physikalisches Institut and Bethe Center for Theoretical Physics,
Universitit Bonn, Germany — 2Center for Correlated Matter, Zhe-
jiang University, Hangzhou, Zhejiang 310058, China — 3Institute
of Solid State Physics, Vienna University of Technology, Wiedner
Hauptstrafte 8-10, 1040 Vienna, Austria

Clathrates are a class of caged compounds that display a wide range of
physical properties as a function of host-guest composition. Cerium-
based type-I clathrates are of particular interest due to their unusual
thermoelectric properties with potential for application[l]. The ori-
gin of the observed thermopower enhancement at comparatively high
temperature in CeBayAugSizo, however, is still a matter of debate.
While Kondo scattering does occur in the system, Curie-Weiss be-
havior prevails down to about 1K. In order to understand the role of
the rattling modes in the thermopower enhancement we address the
optical response of CeBarAugSigg. In particular, we investigate if a
model of phonon-enhanced Kondo scattering can explain the differ-
ences observed [2] in the optical conductivity of CeBayAugSiso and its
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rare-earth free reference compound.
[1] A. Prokofiev et al.,Nature Mat. 12, 1096-1101 (2013).
[2] G. Johnstone et al., unpublished.

TT 5.12 Mon 12:45 H 3005
Crystalline electric field calculations for Celr3Ger
eJacINTHA Banpal, Bmwop Rar?, EMiLia MoRrosan?, CHRISTOPH
GEeiBEL!, and MANUEL Branpo! — Max Planck Institute for Chem-
ical Physics of Solids, Nothnitzer Str. 40, 01187 Dresden, Germany
— 2Department of Physics and Astronomy, Rice University, Houston,
Texas 77005, USA

CelrsGey is a metallic antiferromagnet with an extremely low Néel
temperature of 0.65 K despite the absence of Kondo effect and geomet-

rical frustration. We have solved the crystalline electric field (CEF)
scheme for the well localized Ce3t moment which has a trigonal point
symmetry. We compared our calculations with experimental data on
single crystalline samples and found an excellent agreement with one
possible solution. This yields a large positive BS CEF parameter,
resulting in a large CEF splitting with the first and second excited
CEF levels at 374 and 1398 K respectively. A large off diagonal Bi’
parameter leads to a strong mixing of the |:I:%> function into the pre-
dominantly |:|:%> CEF ground state. As a result, the system shows a
huge XY anisotropy. The overall CEF splitting in this compound is
one of the largest ever observed in a Ce system. Comparison with other
compounds suggest that such large CEF splitting might be connected
with the presence of 5d ligands.

TT 6: Quantum Magnets and Molecular Magnets (joint session TT/MA)

Time: Monday 9:30-13:00

TT 6.1 Mon 9:30 H 3010
Frustrated spin ladders in quasi-1D S =1 Heisenberg mag-
net balyakinite CuTeO3; — eHELGE ROSNER21 and OLEG JANSON?
— Max-Planck-Institut fiir Chemische Physik fester Stoffe, Dresden,

Deutschland — 2Institut fiir Festkorperphysik, TU Wien, Osterreich

Copper tellurium oxides are enjoying increasing attention as a promis-
ing playground for quantum magnetism [1]. A chemically simple com-
pound, the natural mineral balyakinite CuTeO3s features an intricate
crystal structure with Cu2Og dimers connected by TeO4 tetrahedra
into a 3D network. Magnetization measurements indicate a sizable
spin gap which is not closed in a magnetic field of 60 T. By using DFT
calculations, we show that the magnetism of balyakinite is quasi-1D,
and can be described by a frustrated ladder model with four antifer-
romagnetic exchanges: the dominant rung exchange J,, sizable Jj
and weak Jﬁ that alternate along both legs, as well as the weak frus-
trated cross-coupling Jy . Using the DFT+U estimates of the exchange
integrals, we calculate the spin correlations in the ground state. Pecu-
liarities of the magnetic excitation spectrum will be briefly discussed.
[1] M. R. Norman, arXiv:1708.05100.

TT 6.2 Mon 9:45 H 3010
Extreme field-sensitivity of the magnetic tunnelling in Fe-
doped LizN — eManueL Fix!, James H. Arkinson?, PauL C.
CANFIELD?#, ENRIQUE DEL BaRrco?, and ANToN JEscHE! — 1EP VI,
EKM, University of Augsburg, D-86159, Germany — 2Department of
Physics, UCF, Orlando FL 32816, USA — 3The Ames Laboratory,
ISU, Ames, Iowa 50011, USA — *Department of Physics and Astron-
omy, ISU, Ames, Iowa 50011, USA

The magnetic properties of dilute Liz(Lii—zFez)N with z ~ 0.001 are
dominated by the spin of single, isolated Fe atoms [1]. Below T'= 10K
the spin-relaxation times become temperature-independent, indicating
a crossover from thermal excitations to the quantum tunnelling regime.
The spin-flip probability increases tremendously in transverse mag-
netic fields, proving the resonant character of this tunnelling process.
Upon application of longitudinal fields, on the other hand, the ground-
state degeneracy is lifted and the tunnelling condition destroyed. We
show time dependent magnetization measurements performed on sin-
gle crystals in various longitudinal magnetic fields at temperatures
T = 2—16 K. An increase of the relaxation time by four orders of mag-
nitude in applied fields of only a few milliTesla reveals exceptionally
sharp tunnelling resonances. This strong field dependence of the spin
reversal could be employed to create stable (uoH. = 3mT) but switch-
able (H, = 0) magnetic ’quantum bits’ at elevated temperatures.
[1] A. Jesche et al., Nature Comm. 5:3333 (2014)

TT 6.3 Mon 10:00 H 3010
In- & interchain exchange constants of LioCuO3: the origin

of the ferromagnetic inchain ordering — S.-L. DRECHSLER',

R. KLINGELER?, W. Lorenz2, R. Kuzian3, L. Hozoi!, R. Japav!,
J. RicuTer?, H. Rosner®, U. NrrzscuHe!, A. TsmruiN®, and S.
Nisuimoro!” — FW-Dresden, Germany — 2Heidelberg University,
Germany — 3Inst. f. Problems of Material Science, Kiev, Ukraine —
4MPI-PKS, Dresden, Germany — MPI-CPfS, Dresden, Germany —

6 Augsburg University, Germany — “TU Dresden, Germany

LigCuOs takes a special place among frustrated chain compounds with
edge-sharing CuOy4 units and a ferromagnetic (FM) nearest neighbor

17

Location: H 3010

(NN) in-chain coupling J; due to its ideal planar CuO2 chain structure
and its well-defined 3D Neél-type ordering below Ty ~ 9 K of adjacent
chains whose magnetic moments are aligned FM along the chains (b-
axis). There are only frustrating AFM interchain couplings (IC) with
adjacent chains shifted by half a lattice constant b. No room is left
for strong unfrustrated IC in shtark contrast with a recently proposed
scenario [1]. The AFM IC with dominant NNN components plays a
decisive role in the stabilization of the FM alignment of the magnetic
moments along b. Although weak, with 8 NNN IC it is significant
enough to prevent a competing non-collinear spiral type ordering. We
report realistic values of all relevant exchange constants based on two
DFT and quantum chemistry calculations in full accord with a spin-
wave analysis of INS, RIXS, and magnetic susceptibility x(7') data.
The large J1 -230 K is ascribed to a sizable direct FM Cu-O cou-
pling Kpq =~ 100 meV.

[1] G. Shu et al., New J. Phys. 19, 023026 (2017).

~
~

TT 6.4 Mon 10:15 H 3010
Magnetic susceptibility and high frequency EPR studies on
three isostructural FeéIILnén complexes — oSiLvia MENGHI?,
CuaNGHYUN Koo!, YaN PENG2, CHRISTOPHER ANSON2, ANNIE
PoweLL?, and RoUpicEr KrLINGELER! — !Kirchhoff-Institut fiir
Physik, Universitiat Heidelberg, Heidelberg, Germany — 2Institute of
Inorganic Chemistry, Karlsruhe Institut of Technology, Karlsruhe, Ger-

many

Magnetic interactions and anisotropy of three 3d/4f heteronu-
clear metal-organic complexes are studied by means of high-
frequency electron paramagnetic resonance (HF-EPR) and mag-
netic susceptibility measurements. All complexes under study
exhibit isostructural tetranuclear core motifs [(Fel!Lnl?7(ug-
OH)2(teaH)2(0O2CCPh)g|-3MeCN (L=Y,Gd,Dy). The HF-EPR data
show various resonance branches, each of which with finite zero field
splitting. The static magnetic susceptibility data imply strong antifer-
romagnetic coupling of Jpepe = —6.71(4) cm ™! between the two Fel!!
centers. The coupling between Fe and Ln was found to be weak and
ferromagnetic. In order to gain quantitative insight into the anisotropy
and the Fe-Dy exchange interaction, simulations have been performed
using a proper hamiltonian which applies a Ising concept for the lan-
thanide ions.

TT 6.5 Mon 10:30 H 3010
Effect of radicals on coupling and anisotropy in mono- and
dinuclear Ni(II) complexes with an azopyridine ligand —
eSVEN SPACHMANN!, RoLAND BiscHoFF2, CHANGHYUN Koo!, HANs-
Jora KrRUGER?, and RUDIGER KLINGELER!"3 — Kirchhoff Institute
for Physics, Heidelberg University, Heidelberg, Germany — 2Faculty
of Chemistry, TU Kaiserslautern, Kaiserslautern, Germany — 3Center
for Advanced Materials, Heidelberg University, Heidelberg, Germany

We present static magnetization and high-frequency electron param-
agnetic resonance (HF-EPR) studies on metallorganic mono- and din-
uclear Ni(II)-complexes with radical and non-radical azopyridine lig-
ands. In the monomer, the radical is coupled ferromagnetically to the
Ni(II) spin, thereby forming an S = 3/2 ground state. In the non-
radical mononuclear system, anisotropy is of the easy-plane type with
Dni =4.0K and |E| =0.32 K.

We observe a strong effect of the radical bridge on the dimer sys-
tems: While the non-radical azopyridine-bridged Ni(II)-dimer has a
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singlet ground state with a weak intradimer coupling of J =~ 20 K,
a strong ferromagnetic coupling Jnj_raqa =~ —500 K is observed in
the radical azopyridine-bridged Ni(II)-dimer between the radical and
the Ni(II)-ions. The antiferromagnetic Ni-Ni coupling in the radical-
bridged dimer Jnij_n; = 25 K is of the same order as without the
radical. The HF-EPR and magnetization measurements confirm the
S = 5/2 ground state and axial symmetry. We obtain g. = 2.126
and D5/, = —0.844 K, which corresponds to a single-ion anisotropy of
|Dni| = 4.2 K.

TT 6.6 Mon 10:45 H 3010
Highly dispersive magnons with spin-gap like features in
the frustrated ferromagnetic chain system CazY2Cus019 by
inelastic neutron scattering — M. Matsupal, J. Mal, V.O.
GarLEAL, T. ITo?, H. YamacucHi?, K. Oka2, ¢S.-L.. DRECHSLER?,
R. Yapav3, L. Hozor®, H. Rosner?, R. ScauMANN®, R. Kuzian®,
and S NisuiMoT03® — Quantum Matter Division, Oak Ridge, NRL,
USA — 2Natiomal Institute of AIST, Tsukuba, Japan — S3IFW-
Dresden, Germany — *MPI-CPfS, Dresden, Germany — ®TU Dres-
den, Germany — SInst. f. Problems of Material Science, Kiev, Ukraine

We report an inelastic neutron scattering study including its theoreti-
cal description for CagY2Cus0109 and map out the full large magnetic
dispersion relation extending up to 53 meV. A doubly frustrated linear
Heisenberg-type spin chain model with two inchain and two diagonal
antiferromagnetic (AFM) interchain couplings (IC) analyzed within
linear spin-wave theory reproduces well the observed strong dispersion
in chain direction and q weak one perpendicularly. The large disper-
sion leads to a record value of the NN intrachain coupling | J; |~ 280 K
which points to a large direct FM Cu-O coupling K4 value slightly
above 100 meV. Our Ji-value resolves an old puzzle of FM inchain
ordering vs. an improper AFM pseudo Curie-Weiss (CW) behavior
for x(T'). It yields a true FM CW-regime above 1500 K, only. The
observed "gaps" at 11.5 and 28 meV stem from an interaction with
a phonon mode and the synenergetic disorder influence on the CuOg
chains by the incommensurate alternating cationic Y Ca-chains distort-
ing the O positions and a specific quantum effect from the AFM IC,
respectively.

TT 6.7 Mon 11:00 H 3010
Magnetism of atacamite, CuzClI(OH)3; — eLroniE Hrinze!,
RANDIRLEY BELTRAN-RODRIGUEZ2, GAEL BasTiEn?, Anja U.B.
Worter?, MANFRED REEHUIS®, JENS-UwE HorrFmann®,| KIRRILY C.
RuLe?, and STEFAN SULLOow! — 'IPKM, TU Braunschweig, Germany
— 2IFW Dresden, Dresden, Germany — 3HZB, Berlin, Germany —

4ANSTO, Kirrawee, Australia

Atacamite, CupCl(OH)3, has been reported to exhibit magnetic be-
havior characteristic of a frustrated quantum magnet. Notably, an
antiferromagnetic transition at Ty = 9.0K has been observed and,
further, susceptibility measurements previously carried out indicate a
Curie-Weiss temperature |©cw| > Ty [1,2]. So far, attempts have
been undertaken to determine the symmetry of the magnetic ground
state of this material by means of uSR and NMR measurements on
polycrystalline material [2,3], however with contradictory results.
Starting from this given situation, we have reinvestigated the mag-
netic properties of atacamite [4]: Mineral single-crystals were studied
by means of susceptibility and magnetization measurements along the
principal crystal axes as well as elastic neutron scattering. This way,
we have established the symmetry of the magnetic ground state and
present new insights into the unusual magnetic properties of atacamite.
[1] X. G. Zheng, et al., Solid State Commun. 130, 107 (2004).
[2] X. G. Zheng, et al., Phys. Rev. B, 71, 174404 (2005).
[3] K. Zenmyo, et al., J. Phys. Soc. Jpn., 82, 084707 (2013).
[4] L. Heinze, et al., Physica B, doi.org/10.1016/j.physb.2017.09.073
(2017).

15 min. break.

TT 6.8 Mon 11:30 H 3010
Alternating ferro- and antiferromagnetic Heisenberg chain:
from dimer to Haldane limit — eNikLas Casper and WoL-
FRAM BRENIG — Institute for Theoretical Physics, Technical Univer-
sity Braunschweig, Braunschweig, Germany

We present results of a study of the S = 1/2 Heisenberg chain with
alternating ferro- and antiferromagnetic exchange, J2 and J; respec-
tively. This system interpolates from a dimer to a Haldane chain as
j = |J2/J1| varies from 0 to co. Using perturbation theory (PT) and
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quantum Monte Carlo based on the stochastic series expansion (SSE)
method, we study elementary excitations, thermodynamic properties,
and the dynamic structure factor S(q,w). For j <« 1 we find good
agreement between PT and SSE. For arbitrary j we show that S(q,w),
obtained from SSE, scales between triplons at j < 1 and a Haldane
chain spectrum at j > 1. Finally, we contrast our findings for the spin
gap versus j against existing literature.

TT 6.9 Mon 11:45 H 3010
Field Control of Magnonic Heat Flow — eBENJAMIN KOHLER
and WoLFrAM BRrENIG — Institute for Theoretical Physics, Technical
University Braunschweig, Germany

Insulating quantum magnets allow for genuine spin transport phenom-
ena without carrier dynamics. Controlling such transport by means of
external fields is vital for potential device design. Here we study ther-
mal conductivity of a two dimensional square lattice spin-1/2 Heisen-
berg antiferromagnet in the presence of an external field. The latter is
used to manipulated the heat flow due to spin canting.

Using nonlinear spin wave theory and a Kubo approach we evalu-
ate the thermal conductivity taking into account current relaxation
via intrinsic magnon decay for finite fields and temperature. Semi-
quantitative estimates for attainable variations of the heat conductivity
in realistic materials will be presented as a function of the tempera-
ture and the external fields, suggesting interesting implications for spin
caloritronic applications.

TT 6.10 Mon 12:00 H 3010
Suppression of spin-crossover by dynamic Jahn-Teller effect
in Cga — eDaN Liu, Naova IwaHARA, and Liviu CHIBOTARU —
Theory of Nanomaterials Group, University of Leuven, Leuven, Bel-
gium
In conventional spin crossover systems, the vibrational degrees of free-
dom enhances the entropic effect in excited high-spin terms resulting
from the softening of vibrations [1]. Here, we show an opposite ef-
fect of vibration on the spin crossover taking Cga as an example [2].
The vibronic states resulting from dynamical Jahn-Teller effect in Cga
are obtained using the numerical diagonalization of the linear p” ® 8d
Jahn-Teller Hamiltonian with the currently established coupling pa-
rameters. It is found that the Jahn-Teller effect stabilizes the low-spin
states, resulting in the violation of Hund’s rule. The energy gain due to
the Jahn-Teller dynamics is found to be comparable to the static Jahn-
Teller stabilization. The Jahn-Teller dynamics influences the thermo-
dynamic properties via strong variation of the density of vibronic states
with energy. Thus, the large vibronic entropy in the low-spin states
enhances the effective spin gap of ng quenching the spin crossover.
This finding is used for the rationalization of the experimental data on
the spin gaps in various fullerides.
[1] P. Giitlich, A. Hauser, and H. Spiering, Angew. Chem. Int. Ed.
33, 2024 (1994).
[2] D. Liu, N. Iwahara, and L. F. Chibotaru, arXiv:1711.00340 |[cond-
mat.mtrl-sci].

TT 6.11 Mon 12:15 H 3010
Andreev transport through single-molecule magnets — eFiLIP
Pawrick! and IRENEUSZ WEYMANN — Faculty of Physics, Adam Mick-
iewicz University, ul. Umultowska 85, 61-614 Poznan, Poland

Transport characteristics of a single molecule magnet coupled to two
ferromagnetic and one superconducting lead are studied theoretically
by means of the real-time diagrammatic technique. The coupling to
the ferromagnets is assumed to be weak, while the coupling to the su-
perconductor can be arbitrary. The quantities of interest include the
Andreev current, differential conductance, tunnel magnetoresistance
(TMR) and current cross-correlations. It is shown that the system ex-
hibits splitting of Andreev states due to additional degrees of freedom
of the molecule. The TMR and current cross-correlations are used to
quantify the contribution of crossed and direct Andreev reflections to
the current. We also compare our results to those obtained for a quan-
tum dot in a similar three-terminal setup and discuss the possibility
of using molecules for Cooper pair splitting.

TT 6.12 Mon 12:30 H 3010

Manifestations of a coherent Kondo lattice formed in adatoms
— eRicHARD KoORYTAR!, MaRiaA Moro Lacares?, and Davip

SERRATE? — !Faculty of Mathematics and Physics, Charles Univer-
sity, Prague, Czech Republic — 2Institute of Physics, Czech Academy
of Sciences, Prague, Czech Republic — 3Institute of Nanoscience of

Aragon (INA), University of Zaragoza, Spain
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In a recent experiment, chains of magnetic adatoms were constructed
on a pristine metallic surface. A careful analysis by scanning-tunneling
spectroscopy demonstrates that the Kondo screening overtakes mag-
netic interactions at all accessible chain lengths. A comparison with
many-body calculations allows to address diverse real space aspects
of the coherent Kondo lattice, such as: overlapping Kondo clouds,
long-range mediated hybridization and Fermi surface effects. The phe-
nomenology of the onset of heavy fermions in these systems can be
discussed.

TT 6.13 Mon 12:45 H 3010
Formation of Local Magnetic Order in Atomic-Scale Ir Junc-
tions — eMArkUs RITTER, MARTIN KELLER, TORSTEN PIETSCH,
and ELKE ScHEER — Department of Physics, University of Konstanz,
D-78467 Konstanz, Germany

The transition metals Pt, Pd, and Ir are paramagnets close to the
Stoner transition of ferromagnetism. However, in reduced dimensions,
such as small clusters and atomic contacts, a magnetically ordered

state has been predicted [1]. In atomic contacts of the elements Pt
and Pd, the emergence of local magnetic order has been experimen-
tally confirmed recently |2, 3]. Currently there is no demonstration of
such phenomena in Ir. Therefore, we investigate the magnetic proper-
ties of atomic Ir contacts and monoatomic chains [4]. The occurrence of
local magnetic order is deduced from magnetoconductance (MC) and
anisotropic magnetoconductance (AMC) measurements. The rich MC
behavior is interpreted in the framework of a microscopic model of the
local magnetic configuration and is compared to earlier findings in Pt
and Pd contacts. Furthermore, in many contacts electronic transport
(dI/dV’) spectroscopy shows a pronounced zero-bias anomaly (ZBA)
and further features, which are currently not fully understood. The
ZBA is analyzed in the context of Kondo screening of the local mag-
netic moment in the junction.

[1] Delin, Tosatti. Phys. Rev. B 68, 144434 (2003).

[2] Strigl et al. Nat. Commun. 6, 6172 (2015).

[3] Strigl et al. Phys. Rev. B 94, 144431 (2016).

[4] Thiess et al. Phys. Rev. Lett. 103, 217201 (2009).

TT 7: Topological Semimetals |

Time: Monday 9:30-13:00

TT 7.1 Mon 9:30 A 053
ARPES analysis of the Mo, W;_,Tez-System oERIK
HausoLp!, Dmitry ErreEmov!, Marrtuias GiiLic!, Boy Ro-
MAN PiEniNG!, SalcHARAN AswarRTHAM!, ALEXANDER FEDOROV!,
YEVHEN KUSHNIRENKO!, THIRUPATHAIAH SETTI!, Icor Morozov!3,
Tmvur Kim2, CurisTiaN Hess!, BErnD Bticuner!, and SERGEY
Borisenko! — 1IFW Dresden, 01069 Dresden, Germany
2Diamond Light Source, Didcot OX11 ODE, United Kingdom —
3Moscow State University, Moscow 119991, Russia

WTes and the corresponding sister compound MoTes sparked a lot of
interest and research as potential Weyl semimetals or in the field of
Dirac and Weyl semimetals in general. Although the stoichiometric
compounds as well as some intermediate doping levels have been anal-
ysed, no complete thorough investigation of the whole series has been
carried out.

Recent transport data measured at IFW Dresden indicates a non-
linear behaviour of the electrical and magnetic properties when going
from pure WTez to MoTea. We have collected ARPES data for the
whole series of materials and analysed their electronic structure to
clarify whether the changes in the bandstructure can explain this.

Initial results show a significant shift of bands close to the Fermi
energy resulting in a change of the size of the Fermi surfaces. We com-
pare these results to transport data and calculations to check whether
such shifts explain the nonlinearity.

TT 7.2 Mon 9:45 A 053
Effects of pressure on the Fermi surface of CdsAss
e ALEKSANDAR VASILJKOVIG!, FiLip ORrRBANIGZ, MaRrio NoOVAKZ,
Marte GroscHE!, and Ivan Kokanoviéh? — 1Cavendish Labora-
tory, University of Cambridge, Cambridge CB3 OHE, United Kingdom
— 2Department of Physics, Faculty of Science, University of Zagreb,
10002 Zagreb, Croatia

Cd3Ass is a symmetry-protected three dimensional Dirac semimetal
with high carrier mobility [1], motivating detailed investigations of
the electronic structure and its evolution with applied pressures.
Shubnikov-de Haas oscillations have previously been reported with fre-
quencies of around 55T, corresponding to tiny Fermi surface pockets
in a semimetallic band structure [2]. De Haas-van Alphen oscilla-
tions have also been observed with slightly smaller frequencies [2]. We
have examined the Shubnikov-de Haas oscillations of the magnetore-
sistance in a high-quality crystal grown under different conditions over
a wide range of temperature and pressure. In contrast to previous re-
ports, we observe a significantly lower quantum oscillation frequency
of 27T at ambient pressure in a direction perpendicular to c direction,
which decreases significantly with increasing pressure. We also saw
35T frequency at ambient pressure in c direction. The observed SdH
oscillations allow us to characterize the Fermi surface by extracting its
relevant parameters.

[1] Z.Wang, et al., Physical Review B 88, 125427 (2013).

[2] A. Pariari et al., Physical Review B 91, 155139 (2015).

TT 7.3 Mon 10:00 A 053
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Location: A 053

Large Nernst power factor in polycrystalline Weyl semimetal
NbP — eSarvya N. GuiNn, CHENGUANG Fu, SaAran J. WATzZMAN,
GUDRUN AUFFERMANN, NIiTESH KumAaRr, Vicky Suess, WALTER
SCHNELLE, YAN SUN, CHANDRA SHEKHAR, and CLAUDIA FELSER —
Max Planck Institute for Chemical Physics of Solids, 01187 Dresden,
Germany

The energy crisis has sparked a large boost in thermoelectric research,
the base of which is the longitudinal thermoelectric response, the See-
beck effect. Recently, there is a growing interest in the Nernst effect
(NE), the transverse thermoelectric response produced by the orthog-
onal thermal gradient and magnetic field. The NE is an alternate and
simpler approach to conventional thermoelectrics as there is no need
for both n-type or p-type legs. In parallel, Dirac and Weyl semimetals
created an enormous interest due to interesting transport properties,
which are gaining attention recently for NE. To date, the investigations
are primarily engrossed on single crystals. However, the synthesis of
large single crystals is the expensive, lengthy, and difficult process,
which is unsuitable for mass production and practical applications. In
contrast, polycrystalline samples are the better choice because of its
ease of production. We demonstrate that polycrystalline, SPS sintered
Weyl semimetal NbP show a large Nernst thermopower value of 90
uVK~! and power factor of 35x107% Wm~'K~2 at 9 T. Our finding
indicates the potential of polycrystalline Weyl semimetals for thermo-
electrics.

TT 7.4 Mon 10:15 A 053

Surface and bulk superconductivity at ambient pressure in

the Weyl semimetal TaP — eMaARrRTEN vaN DEeLrTh2, SER-
cro Przzini!:2, Markus Konig®, ANDREwW Mackenzie34, NIGeL
Hussevy?2, and STErrFEN WIEDMANND2 — 1High Field Magnet

Laboratory (HFML-EMFL), Radboud University, Nijmegen, NL —
2Radboud University, Institute for Molecules and Materials, Nijmegen,
NL — 3Max Planck Institute for Chemical Physics of Solids, Dresden,
GER — 4Scottish Universities Physics Alliance (SUPA), University of
St. Andrews, St. Andrews, UK

Since the discovery of topological Weyl semimetal states in the com-
pounds TaAs, TaP, NbAs and NbP, a considerable effort has been made
to investigate their novel electronic properties. Of particular interest
to this field is the search for a superconducting state, as such a state
may host Majorana fermions. This search has led to observations of
superconductivity in TaP under extreme pressure and after ion bom-
bardment, but has hitherto failed to find a bulk superconductor at
ambient pressure. We report on the observation of a superconducting
state in Tantalum Phosphide (TaP) without any additional treatment
to the material or under any extreme conditions. A Tc varying between
1.7 and 5.3 K for different samples was observed, both for microscopic
samples processed with focused ion beam (FIB) etching as well as for
an as-grown crystal. Our data show that the superconductivity present
in our untreated crystal is inhomogeneous yet exists in the bulk. For
samples made with FIB, we observe additionally a two-dimensional
superconducting film on the sample surface.
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TT 7.5 Mon 10:30 A 053

Giant anomalous Nernst effect in Weyl semimetals TaP and

TaAs — eFEpERICcO CAcGLIERIS!, CHRISTOPH WUTTKE!, STEFFEN
Sykoral, Vicky Stss?, SHEKHAR CHANDRAZ, CLAUDIA FELSERZ,
BernD Bticuner!b34 and Curistian Hess'#* — !Leibniz-Institute

for Solid State and Materials Research, 01069 Dresden, Germany —
2Max Planck Institute for Chemical Physics of Solids, 01069 Dresden,
Germany — 3Institut fiir Festkrperphysik, TU Dresden, 01069 Dres-

den, Germany — *Center for Transport and Devices, TU Dresden,
01069 Dresden, Germany
The  discovery of Weyl fermions in transition metal

monoarsenides/phosphides without inversion symmetry represents
an exceptional breakthrough in modern condensed matter physics.
However, exploring the inherent nature of these quasiparticles is ex-
perimentally challenging because most of the experimental probes rely
on analyzing the Fermi arc topology or investigating the elusive chiral
anomaly.

In this work we experimentally investigate the thermoelectric trans-
port of the prototypical type-I Weyl semimetals TaP and TaAs. In par-
ticular we show that both the compounds possess a giant Nernst coeffi-
cient, which tends to saturate with increasing the magnetic field. This
behavior resembles what is typically addressed as anomalous Nernst
effect and it has recently been interpreted as a direct consequence of
the finite Berry curvature originated from the Weyl points. Our re-
sults thus promote the Nernst coefficient as an ideal bulk probe for
detecting and exploring the fingerprints of emergent Weyl physics.

TT 7.6 Mon 10:45 A 053
Giant anomalous Nernst effect in Weyl semimetals TaP and
TaAs - Theory — eSTEFFEN SYKORA!, FEDERICO CAGLIERIS!,
Curistorn  WuTtTke!, Bernp Bocunerb23, and CHRISTIAN
Hess!3 — IFW Dresden, 01069 Dresden, Germany — 2Institute for
Solid State Physics, TU Dresden, 01069 Dresden, Germany — 3Center

for Transport and Devices, TU Dresden, 01069 Dresden, Germany

In Weyl semimetals the Nernst coefficient is dominated by anomalous
contributions to the electrical and thermal conductivity which origi-
nate from a specific property of the underlying system of conduction
electrons, the Berry curvature. Motivated by recent experiments on
the prototypical type-I Weyl semimetals TaP and TaAs we explain the
measured anomalous field dependence of the Nernst coefficient in terms
of a minimal model of the energy dispersion near two separated Dirac
nodes. On the basis of this result we argue that our observed field
dependence of the Nernst effect can straightforwardly be explained by
a characteristic change of the chemical potential under variation of the
external magnetic field which is applied to obtain the Nernst effect.

TT 7.7 Mon 11:00 A 053
Transport studies on the type-II Weyl semimetal candidate
WTe; — eMarraias GiLLich2, FEpERICO CAGLIERIS', Boy RoMAN
PieninGg!, Icor Morozov!l#4, SaicHARAN AswarTHAM!, JOsSEPH
DurouLEUR!, BErRND BucHNERY2:3, and CHrisTian Hpssl:23 —
ILeibniz-Institute for Solid State and Materials Research, IFW Dres-
den, 01069 Dresden, Germany — 2Institute of Solid State Physics, TU
Dresden, 01069 Dresden, Germany — 3Center for Transport and De-
vices of Emergent Materials, TU Dresden, 01069 Dresden, Germany
— *Moscow State University, 119991 Moscow, Russia

The semimetal WTez has attracted attention due to its non-saturating
extremely large magnetoresistance. Furthermore, it has been the first
compound to be predicted as a type-II Weyl semimetal which suppos-
edly gives rise to new topological characteristics.

We have performed a broad spectrum of transport studies on WTeg
single crystals. The peculiar magnetoresistance was reproduced while
the Hall effect behaves normally. Likewise, the thermoelectric trans-
port coefficients show no anomalous behavior. The thermopower is
negative at high temperatures, changes sign at 50 K and develops a
peak at 25 K. The Nernst signal is linear in field but shows a strong
increase below 50 K. The thermal conductivity increases upon cooling
with a phononic peak at 21 K. All results can explicitly be described
by a simple two-band model where electron- and hole-like carriers are
compensated and exhibit large mobilities.

15 min. break.

TT 7.8 Mon 11:30 A 053
Spectacular electrical transport in type-II Weyl semimet-
als WP, and MoPy; — eNiTeEsH Kumar!, Yan Sun!, Nan Xu?,
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Kaustuv Mannal, Vicky Suess!, INGE LEERMAKERS®, TOBIAS

FoersTER?, HORsT BORRMANN!, ULl ZEITLER?, MING SHI?, CLAU-
pia FELsER!, and CHANDRA SHEKHAR! — Max Planck Institute
for Chemical Physics of Solids, Dresden, Germany — 2Paul Scherrer
Institute, Switzerland — 3High Field Magnet Laboratory, Nijmegen,
Netherlands — “Dresden High Magnetic Field Laboratory, Dresden,
Germany

Semimetals are in general less conducting compared to metals due to
smaller number of charge carriers. However, recent progress in the
topological Dirac and Weyl semimetals show spectacular electronic
properties such as large mobilities accompanied by extremely high
magnetoresistance. In particular, two closely neighbouring Weyl points
of the same chirality are protected from annihilation by structural dis-
tortions or defects. Here we present the electronic properties of type-I1
Weyl semimetals, WP2 and MoP2, with robust Weyl points by trans-
port and angle resolved and first principles calculations. Single crystals
of WP; display an extremely low residual low-temperature resistivity
of 3 nQ2 cm accompanied by an enormous and highly anisotropic mag-
netoresistance above 200 million % at 63 T and 2.5 K [1]. A large
suppression of charge carrier backscattering in WP2 from transport
measurements suggests the involvement of the novel Weyl fermions
expressed in this compound.

[1] N. Kumar et al., Nature Commun. 8, (2017) 1642.

TT 7.9 Mon 11:45 A 053
Large anomalous Nernst effect driven by Berry curvature in
Mn3Ge — oCHRrRIsTOPH WUTTKE!, FEDERICO CAGLIERIS!, KAUS-
TUV MANNA?, STEFFEN SYKORA!, CHANDRA SHEKHAR?, CLAUDIA
FeLsErR?, BERND BucHNER!34, and CHRisTIAN HEss!'* — 1Leibniz-
Institute for Solid State and Materials Research, IFW-Dresden, 01069
Dresden, Germany — 2Max Planck Institute for Chemical Physics of
Solids, 01187 Dresden, Germany — 3Institut fiir Festkérperphysik, TU
Dresden, 01069 Dresden, Germany — 4Center for Transport and De-
vices, Technische Universitdat Dresden, 01069 Dresden, Germany

Introducing Berry phase and curvature as properties of the electronic
structure has not only started the quest for finding Weyl semimetal
candidates, it was also predicted that the occurance of Weyl points in
the band structure can lead to peculiar transport behaviour. We re-
port Nernst effect measurements on the chiral antiferromagnet MnsGe.
A large anomalous compound dominates the magnetic field depen-
dence of the Nernst signal and does not scale with the magnetization.
Our theoretical examination shows that the anomalous behaviour is
strongly influenced by the finite Berry curvature. The results show
a significant sensitivity of transverse thermoelectric transport to the
existence of Weyl points close to the Fermi surface.

TT 7.10 Mon 12:00 A 053
Quantum interference effects in 3D-Dirac antiperovskites —
eHiroYUKI NAKAMURA!, JonANNES MERz!, EsLam KHALAF!, PAVEL
OsTrROVSKY!, DEBAKANTA SamaL?, and Hipenorr Takaagrh 24
— IMax Planck Institute for Solid State Research, Germany —
2Department of Physics, University of Tokyo, Japan — 3Institute of
Physics, India — “Institute for Functional Matter and Quantum Tech-
nologies, University of Stuttgart, Germany

Magnetotrasport study has been carried out using epitaxial thin films
of SrsPbO and Sr3SnO grown by MBE. All the films showed clear 3D
localization but differed in the sign of quantum interference govern-
ing the localization effect, which was associated with the location of
Er with respect to Dirac nodes. Detailed analysis of the localization
effects for Dirac electrons will be presented.

TT 7.11 Mon 12:15 A 053
Correlation meets topology: quasiparticles along the Dirac
nodal loop in ZrSiS — Sercio Przzini', MAARTEN VAN DEeLFT!,
LesLIE ScHoOP2, BETTINA LoTscH2, ANTONY CARRINGTON®, MISHA
KarsneLson?, NigeL Hussey!, and eSTEFFEN WiEDMANN! — 1High
Field Magnet Laboratory (HFML-EMFL), Radboud University, Ni-
jmegen 6525 ED, NL — 2?Max Planck Institute for Solid State Re-
search, 70569 Stuttgart, GER — 3H. H. Wills Physics Laboratory,
University of Bristol, Bristol BS8 1TL, UK — *Radboud University,
Institute for Molecules and Materials, Nijmegen 6525 AJ, NL

ZrSiS belongs to the recently discovered family of topological Dirac
materials whose electronic structure hosts Dirac-like crossing points
that form a closed loop at the Fermi level. While transport measure-
ments have shown the presence of small electron and hole pockets via
the observation of low-frequency Shubnikov-de Haas oscillations, ex-
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perimental evidence for the enhanced correlation effects predicted to
occur in this class of semi-metals has until now been lacking. We have
performed a quantum oscillation study of the nodal-loop in high mag-
netic fields that reveals significant enhancement in the quasi-particle
mass residing near the nodal loop. Above a threshold magnetic field
(B > 25 T), magnetic breakdown occurs across gaps in the loop struc-
ture with orbits that enclose different windings around its vertices.
The analysis of the amplitudes of these breakdown orbits reveals an
anomalous temperature dependence demonstrating the emergence of
novel, correlation-driven physics in ZrSiS associated with the Dirac-
like quasiparticles [1].

[1] S. Pezzini et al., Nature Physics, doi:10.1038 /nphys4306 (2017).

TT 7.12 Mon 12:30 A 053

Correlation-driven electron-hole instability in mnodal-line
semimetal ZrSiS — eALEXANDER RuUDENKk0D'23, EvVGENY
StEPANOV D2, ALEXANDER LICHTENSTEIN?, and  MIKHAIL

KatsneLson! — 1Radboud University, Nijmegen, The Netherlands —
2Ural Federal University, Ekaterinburg, Russia — 3Wuhan University,
Wuhan, China — 4Hamburg University, Hamburg, Germany

ZrSiS is an emerging material, which belongs to the class of 3D ma-
terials that feature a nodal line in the electronic band structure [1].
Recent experimental observations reveal an unconventional mass en-
hancement of quasiparticles in ZrSiS [2], which suggests the impor-
tance of electron correlation effects in this material. Here, we study
many-body effects in ZrSiS using a combination of first-principles cal-
culations and model approaches, taking the correlation effects pertur-
batively. We show that at moderately low temperatures ZrSiS exhibit

electron-hole instability, leading to the formation of a pseudogap in
the electronic spectrum. The results can be understood in terms of
Coulomb-interaction-assisted electron-hole pairing reminiscent to that
of a conventional superconductor.

[1] L.M. Schoop et al. Nat. Commun. 7, 11696 (2016).

[2] S. Pezzini et al. Nat. Phys. doi:10.1038/nphys4306 (2017).

TT 7.13 Mon 12:45 A 053
Optical Conductivity Studies of the half-Heusler Compounds
GdPtBi, LuPtBi, YPtBi and YbPtBi — eFrLix HorT!, MICHA
B. ScuiLLiNnGg!, MARTIN DrEsseL!, CLaubia FeLser?, and ARTEM
V. ProniN! — 1. Physikalisches Institut, Universitit Stuttgart,
70569 Stuttgart, Germany — 2Max Planck Institute for Chemical
Physics of Solids, 01187 Dresden, Germany

Many Heusler and half-Heusler compounds are known for their diverse
and appealing physical properties. Some of the compounds are pre-
dicted to possess non-trivial topological electronic structure. Although
the non-trivial topology has already been discussed by theory for a few
years, experiments so far remain pretty much behind theory.

In this contribution, we report on experimental investigations
of the optical response of four different half-Heusler compounds
(GdPtBi, LuPtBi, YPtBi, YbPtBi) using Fourier-transform infrared
spectroscopy. Reflectivity measurements were performed over a large
frequency range, 10 to 3000 meV, at different temperatures down to
10 K. From the measured reflectivity, the optical conductivity and the
dielectric function were extracted via the Kramers-Kronig relations.
In the talk, we compare our results with theoretical predictions for
optical manifestations of possible Dirac physics in these materials.

TT 8: Topological Insulators | (joint session HL/TT)

Time: Monday 9:30-13:00

TT 81 Mon 9:30 A 151
Model for ferromagnetic Weyl and nodal line semimetals:
topological invariants, surface states, anomalous and spin
Hall effect — TomAis Ravcu!2, Huone NGUYEN-MINH!, ¢ JURGEN
Henk!, and INgRID MEgrTiG!3 — lInstitute of Physics, Martin
Luther University Halle-Wittenberg, Halle, Germany — 2Berc Mate-
rials Physics Center, Donostia-San Sebastian, Spain — 3Max Planck
Institute for Microstructure Physics, Halle, Germany

By adding a Zeeman term to the extended Dirac equation [1] we show
that this equation describes not only topological insulators but also
models the electronic properties of ferromagnetic Weyl and nodal line
semimetals [2], both of which arise for specific parameter sets. We con-
firm the topological nontriviality of the nodal objects by calculating
the topological invariants as well as by demonstrating the existence of
characteristic topological surface states of the associated semi-infinite
systems. Moreover, Weyl points and nodal lines produce notable fea-
tures in the anomalous and in the spin Hall conductivity.

[1] S.-Q. Shen, W.-Y. Shan, and H.-Z. Lu, Spin 1, 33 (2011).

[2] T. Rauch, H. Nguyen-Minh, J. Henk, and I. Mertig, Phys. Rev.
B, submitted.

TT 82 Mon 9:45 A 151
Transport Spectroscopy of Induced Superconductivity in
the three-dimensional Topological Insulator HgTe — eJoNAsS

WIEDENMANN — Experimentelle Physik III, Universitdat Wiirzburg,
Am Hubland, 97074 Wiirzburg

Inducing superconducting pairing into the surface states of a topolog-
ical insulator is predicted to lead to the emergence of mixed spin sin-
glet /triplet superconducting correlations and Majorana bound state
related physics. We studied the proximity-induced superconducting
state into the topological surface states of strained bulk HgTe by An-
dreev reflection point-contact spectroscopy. By analyzing the conduc-
tance as a function of voltage for various temperatures, magnetic fields
and gate-voltages, we find evidence, in equilibrium, for an induced or-
der parameter in HgTe of 0.070 meV and an order parameter of the
superconducting gap of niobium of 1.1 meV. To describe the full con-
ductance curve we suggest that a charge imbalance suppresses the in-
duced superconducting state. As a result the relevant scattering region
changes depending on the applied bias voltage.

TT 8.3 Mon 10:00 A 151
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Location: A 151

Interplay between topology and disorder in a two-
dimensional semi-Dirac material — P V SriLucKsHMY, eKUSH
SaHA, and RopericH MoOEssNER — Max Planck Institute for the
Physics of Complex Systems, Dresden, Germany

We investigate the role of disorder in a two-dimensional semi-Dirac
material characterized by a linear dispersion in one, and a parabolic
dispersion in the orthogonal, direction. Using the self-consistent Born
approximation, we show that disorder can drive a topological Lif-
shitz transition from an insulator to a semi-metal, as it generates a
momentum independent off-diagonal contribution to the self-energy.
Breaking time-reversal symmetry enriches the topological phase dia-
gram with three distinct regimes— single-node trivial, two-node triv-
ial and two-node Chern. We find that disorder can drive topological
transitions from both the single- and two-node trivial to the two-node
Chern regime. We further analyze these transitions in an appropriate
tight-binding Hamiltonian of an anisotropic hexagonal lattice, by cal-
culating the real-space Chern number. Additionally we compute the
disorder-averaged entanglement entropy which signals both the topo-
logical Lifshitz and Chern transition as a function of the anisotropy of
the hexagonal lattice. Finally, we discuss experimental aspects of our
results.

TT 84 Mon 10:15 A 151
Optical properties of topological insulator nanoparticles —
eGLEB SIrROKI, DEREK LEE, PETER HAvNEs, and VINCENZO GIAN-
NINI — Imperial College London, South Kensington, SW7 2AZ, Lon-
don, UK

Topological insulators are materials that have metallic surface states
protected by time-reversal symmetry. Such states are delocalised over
the surface and are immune to non-magnetic defects and impurities.

Building on previous work [1] we have studied the interaction of light
with topological insulator nanoparticles. Our main finding is that the
occupied surface states can lead to charge density oscillations akin to
plasmons in metallic nanoparticles. Furthermore, these oscillations can
couple to phonons forming a previously unreported excitation [2]. Be-
cause the states occur at the surface a small number of them is enough
to change the absorption spectrum of a particle containing many thou-
sands of atoms. We are going to show how the effect can be adjusted
by varying the particle’s size and shape. Furthermore, we will discuss
the robustness of the effect in the presence of disorder [3].

In conclusion, topological insulator nanoparticles can be used as a
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highly-tunable building block to create a metamaterial operating in
THz range. This may be interesting for plasmonics and metamaterials
communities as well as researchers working on cavity electrodynamics
and quantum information.

[1] Imura et al, PRB 86, 235119 (2012)

[2] Siroki et al, Nat. Comm. 7, 12375 (2016)

[3] Siroki et al, PRMaterials, 1, 024201 (2017)

TT 85 Mon 10:30 A 151
Multi probe transport measurements on BixTe3 thin films
— oSEBASTIAN BAUER, STEPHANIE HOEPKEN, MANDANA SOLEIMANI,
CHRISTIAN A. BoBiscH, and RoLF MOLLER — Faculty of Physics,
Center for Nanointegration Duisburg-Essen, University of Duisburg-
Essen, 47048 Duisburg, Germany

We present a detailed study of the electron transport properties of a
thin BisTes film on Si(111). BixTes is a prototype system of so called
three dimensional topological insulators. Such materials are insulating
inside their bulk while they provide a metallic state on their surface
which is protected by the materials topology [1]. The nanoscale trans-
port field of the BizTes surface was studied by scanning tunneling
potentiometry (STP), an extension of the scanning tunneling micro-
scope (STM) which allows us to analyze the microscopic topography
and the correlated microscopic electrochemical potential of the surface
simultaneously [2]. The STP analysis shows that morphological fea-
tures like step edges and grain boundaries are barriers for conduction
electrons. The conductivity of step edges and grain boundaries were
determined to 700 S/cm and 350 S/cm in the surface state, confirming
former STP studies [3,4].

[1] M. Z. Hasan, C. L. Kane, Rev. Mod. Phys. 82, 3045 (2010). [2]
A. Bannani, C. A. Bobisch, R. Moller, Rev. Sci. Instrum. 79, 083704
(2008). [3] S. Bauer und C. A. Bobisch, Nat. Com. 7, 11381 (2016).
[4] F. Liipke et al., Nat. Com. 8, 15704 (2017).

TT 86 Mon 10:45 A 151
Mixed topological semimetals in two-dimensional spin-
orbit ferromagnets — e¢CHENGWANG Ni1ul, JAN-PuiLipp HANKE!,
Patrick M. Bunr!, HonebIN Zuanc?, Gustav BIHLMAYER!,
DANIEL WORTMANN!, STEFAN BLUGEL!, and YUurlry Mokrousov?!
— 1Peter Griinberg Institut and Institute for Advanced Simula-
tion, Forschungszentrum Jiilich and JARA, 52425 Jiilich, Germany
— 2Institute of Materials Science, Technische Universitit Darmstadt,
64287 Darmstadt, Germany

Topological states of matter and ferromagnetism in two dimensions
are nowadays two of the most intriguing and intensively researched
fields in solid state physics. Here, we predict that diverse topological
semimetallic phases can be obtained in 2D ferromagnets as a conse-
quence of the spin-orbit driven changes in the electronic structure as
the magnetization direction is varied. We show that the most natural
way to classify these phases lies in analyzing either points or lines of
degeneracies which occur in an extended phase space of Bloch vector
and the magnetization direction. The emergence of the correspond-
ing topological states, which we refer to as mixed Weyl semimetal and
mixed nodal line semimetal, respectively, can be thereby confirmed
by accessing corresponding topological invariants and edge states. We
demonstrate the possible complexity of the topological phase diagram
of 2D ferromagnets based on several model systems, and, using density
functional theory, we identify two realistic examples exhibiting mixed
Weyl semimetal and mixed nodal line semimetal phases.
This work was supported by SPP 1666 of the DFG.

TT 8.7 Mon 11:00 A 151
Microscopic theory of the surface anomalous Hall conductiv-
ity — eTomAs Rauch!, THoMmas OLseN?, DaviD VANDERBILT?, and
Ivo Souzal* — 1Centro de Fisica de Materiales, San Sebastian, Spain
— 2Technical University of Denmark, Kongens Lyngby, Denmark —
3Rutgers University, Piscataway, New Jersey, USA — “Ikerbasque
Foundation, Bilbao, Spain

The dimensionless axion coupling 6 describes the isotropic part of the
linear magnetoelectric tensor. In a bulk crystal 6 is only defined mod-
ulo 27, and only its space-time gradients enter Maxwell’s equations.
At surfaces, the spatial gradient of € gives rise to a surface anomalous
Hall conductivity (AHC). In this work, we derive a microscopic ex-
pression for the AHC of an insulating surface. We find that in general
it comprises not only a geometric contribution that is a property of
the occupied states, but also a non-geometric “cross-gap” term that
is absent from the expression for the intrinsic AHC of a free-standing
film or slab. By constructing tight-binding models in a slab geometry,

22

we numerically test our analytical results and explore the connection
between the surface AHC and the bulk axion coupling. In particular,
we illustrate how different insulating surfaces of the same bulk crystal
can have AHCs that differ by an integer multiple of e?/h, and that
this difference resides in the geometric term alone.

15 min. break.

TT 8.8 Mon 11:30 A 151
A room-temperature and switchable Kane-Mele quantum
spin Hall insulator — e ANTIMO MARRAZZO, MARCO (GIBERTINI,
Davipe Cawmp1, NicoLas MouNET, and NicoLa MARzARI — Theory
and Simulation of Materials (THEOS) and National Centre for Com-
putational Design and Discovery of Novel Materials (MARVEL), Ecole
Polytechnique Federale de Lausanne, 1015, Switzerland

Fundamental research and technological applications of topological in-
sulators are hindered by the rarity of materials exhibiting a robust
topologically non-trivial phase, especially in two dimensions (2D).
Here, by means of extensive first-principles calculations, we propose
a novel quantum spin Hall insulator (QSHI) with a sizeable band gap
of ~0.5 eV at the GoWy level, that is a monolayer of a naturally occur-
ring layered mineral. This system realises the paradigmatic Kane-Mele
model for QSHIs in a potentially exfoliable 2D monolayer with helical
edge states that are robust even beyond room temperature and that
can be manipulated exploiting a unique strong interplay between spin-
orbit coupling, crystal-symmetry breaking, and dielectric response.

TT 8.9 Mon 11:45 A 151
Testing Topological Protection of Edge States in Bis-
muthene on SiC — eFERNANDO DoMINGUEZ!, BENEDIKT SCHARF!,
Gance Li?2, WerNER Hanke?, Ronny THoOMALE®, and EwELINA
HankiEwicz! — lInstitute for Theoretical Physics and Astrophysics,
TP4, University of Wiirzburg, Am Hubland, 97074 Wiirzburg, Ger-
many — 2School of Physical Science and Technology, ShanghaiTech
University, Shanghai 201210, China — 3Institute for Theoretical
Physics and Astrophysics, TP1, University of Wiirzburg, Am Hub-
land, 97074 Wiirzburg, Germany

Due to its large bulk band gap, bismuthene on SiC offers intriguing new
opportunities for room-temperature quantum spin Hall (QSH) appli-
cations. Although edge states have been observed in the local density
of states (LDOS), there has been no experimental evidence until now
that they are spin polarized and topologically protected. Here, we pre-
dict experimentally testable fingerprints of these properties originat-
ing from magnetic fields, such as changes in the LDOS and in ballistic
magnetotransport due to a gap of a few meV opened at the crossing
point between the QSH states. For armchair edges in particular, we
find a distinct difference of behavior under out-of-plane (gap opening
between the QSH states) and in-plane (no or tiny gap) fields. This
unexpected robustness of armchair QSH edge states against in-plane
fields can be understood from an effective low-energy model, where a
helicity operator provides an additional protection of the QSH states.
While we focus here on bismuthene on SiC, our main findings should
also be applicable to other honeycomb-lattice-based QSH systems.

TT 810 Mon 12:00 A 151
High-temperature quantum oscillations of the Hall resis-
tance in bulk BizSe; — oOrivio CuiarTi!, Marco Buscu!, SER-
cio PrzziNt?, STEFFEN WIEDMANN?, OLIVER RADER?, Lapa V.
Yasuina?, and Saskia F. Fiscuer! — !Novel Materials Group,
Humboldt-Universitit zu Berlin, 12489 Berlin, Germany — 2High
Field Magnet Laboratory, Radboud University Nijmegen, 6525ED Ni-
jmegen, The Netherlands — 3Helmholtz-Zentrum-Berlin fiir Materi-
alien und Energie, 12489 Berlin, Germany — *Department of Chem-

istry, Moscow State University, 119991 Moscow, Russia

Protected topological surface states (TSS) with helically spin-polarized
Dirac fermions (HSDF) are of high interest as a new state of quantum
matter. Electronic bulk states in three-dimensional (3D) materials
with TSS often mask the transport properties of HSDF. In recent work,
the high-field Hall resistance and low-field magnetoresistance indicate
that the T'SS may coexist with a layered two-dimensional electronic
system (2DES) [1]. Here, we demonstrate quantum oscillations of the
Hall resistance for temperatures up to 50 K, in nominally undoped bulk
BiaSes with a high electron density n of about 2:10'° cm~3. From the
angular and temperature dependence of the Hall resistance and the
Shubnikov-de Haas oscillations we identify 3D and 2D contributions
to transport. Angular resolved photoemission spectroscopy proves the
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existence of T'SS. We present a model for BizSez and suggest that the
coexistence of TSS and 2D layered transport stabilizes the quantum
oscillations of the Hall resistance.

[1] Chiatti et al., Sci. Rep. 6, 27483 (2016)

TT 811 Mon 12:15 A 151
Exploiting Topological Insulators for Majorana Devices
ePETER SCHUFFELGEN', DaNiEL Rosensacu!, CuuaN Li2
MICHAEL SCHLEENVOIGT', ToBias ScHMITT', SARAH ScuHMITT!,
ABpur JaLiL!, Jonas KorLzer!, Lipia Kiskarol!, BENJAMIN
BeENNEMANN',  UmMuT PaRrpak!, Martina LuvsBerc!, GRE-
GoR MussLER!, ALEXANDER GOLUBOVZ?, ALEXANDER BRINKMANZ,
THoMAs ScHAPERsS!, and DETLEV GRUTZMACHER! — !Peter Griin-
berg Institut, Forschungszentrum Jiilich, D-52425 Jiilich, Germany —
2MESA+ Institute for Nanotechnology, University of Twente, 7500AE

Enschede, The Netherlands

At the interface of s-wave superconductors (SC) and topological insula-
tors (TI) exotic Majorana modes are predicted to occur. In this work, a
novel fabrication technique is presented, which allows to construct TI-
SC hybrid devices of high quality under ultra-high vacuum conditions.
A stencil mask is applied to the substrate before growth of Bi-based TI
thin films by means of molecular beam epitaxy. The shadow mask is
used for stencil lithography of superconductive electrodes on top of the
topological thin film in a second growth step. Measurements on such
in-situ fabricated Josephson junctions indicate a high interface trans-
parency. Furthermore, a missing first Shapiro step was detected in
radio frequency experiments, indicating signatures of gapless Andreev
bound states, so-called Majorana bound states. The presented pro-
cess is applicable to a variety of new geometries, allowing fabrication
of elaborated TI-SC hybrid devices, for further research on Majorana
signatures.

TT 8.12 Mon 12:30 A 151
Topolectrical Edge States eToBias HeLBig!, ToBIAS
Hormann!, Cuine Hua LeEe?2, and Ronny THOMALE! — Institute
for Theoretical Physics and Astrophysics, University of Wiirzburg, Am
Hubland, D-97074 Wiirzburg, Germany — 2Institute of High Perfor-
mance Computing, A*STAR, Singapore, 138632 — 3Department of

Physics, National University of Singapore, Singapore, 117542

We report on the realization of one-dimensional topological states of
matter within electrical circuits. At the example of the Su-Schrieffer-
Heeger circuit, we elaborate how topological edge states and domain
walls manifest themselves in the impedance read-out of a periodic elec-
trical circuit. We further outline prospective generalizations and ap-
plications.

TT 8.13 Mon 12:45 A 151
Topolectrical Band Structures — eTosias HorManN!, ToBiAs
Heupic!, Cuine Hua Lege?3, and Ronny THoMmALE! — llnstitute
for Theoretical Physics and Astrophysics, University of Wiirzburg, Am
Hubland, D-97074 Wiirzburg, Germany — 2Institute of High Perfor-
mance Computing, A*STAR, Singapore, 138632 — 3Department of
Physics, National University of Singapore, Singapore, 117542
Topolectrical circuits constitute a new avenue of topological states real-
ized in a classical environment. With them, it is possible to reproduce
band structures seen in models for topological insulators (TI) where
the bands correspond to impedance (or admittance) eigenvalues. Be-
cause electrical circuits are more easily accessible than TIs, they are
particularly suitable for studying topological states, reaching from the
simplest models to non-hermitian and other types of rather “exotic”
physics. In our talk, we illustrate the explicit measurement of topo-
logical band structures in the context of topolectrical circuits.

TT 9: Quantum Dots, Quantum Wires, Point Contacts

Time: Monday 9:30-13:00

Invited Talk TT 9.1 Mon 9:30 HFT-FT 101
Unconventional Superconductivity in Quantum-Dot Systems
— oSTEPHAN WEIss — Theoretische Physik, Universitat Duisburg-
Essen and CENIDE, 47048 Duisburg, Germany

The fermionic nature of electrons allows for four classes of supercon-
ducting correlations with definite symmetry in spin, space and fre-
quency. Conventional (s-wave) superconductors accommodate even-
frequency singlet Cooper pairs which are odd in spin and even in space
and frequency. Odd-frequency triplet correlations generically arise in
superconductor-ferromagnet heterostructures. Recently, we have sug-
gested double quantum dots (DQDs) coupled to conventional supercon-
ductors in the presence of inhomogeneous magnetic fields as a model
system exhibiting all four types of unconventional pairing. When re-
ducing spatial degrees of freedom of the system further, i.e., to a single
quantum dot, only odd-triplet and conventional superconducting cor-
relations are allowed by symmetry. With the help of a diagrammatic
real-time technique, the interplay of spin symmetry and superconduc-
tivity and its signatures in electronic transport, in particular current
and zero frequency shot noise has been analyzed [2]. An applied mag-
netic field or attached ferromagnetic leads partially or fully reduce the
spin symmetry, and odd-triplet superconducting correlations are gen-
erated.

[1] B. Sothmann, S. Weiss, M. Governale, J. Kénig, Phys. Rev. B 90,
220501 (2014).

[2] S. Weiss and J. Konig, Phys. Rev. B 96, 064529 (2017).

TT 9.2 Mon 10:00 HFT-FT 101
Phase-dependent heat transport through superconductor-
quantum dot hybrids — eMaTHIAsS KaMP and BJORN SOTHMANN
— Theoretische Physik, Universitdt Duisburg-Essen and CENIDE, D-
47048 Duisburg, Germany

Phase-coherent charge transport in mesoscopic systems has received
a lot of attention in past decades. Although phase-dependent heat
currents through Josephson junctions have been predicted [1] and ob-
served recently [2], phase-coherent heat transport has largely been ne-
glected so far. Here, we consider a junction consisting of a quantum
dot tunnel coupled to two superconducting leads. The system combines
the interplay of superconducting correlations and strong Coulomb in-
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teraction on the dot in a nonequilibrium situation. We derive a gener-
alized master equation using a real-time diagrammatic approach and
calculate the phase-dependent heat and charge current in linear and
nonlinear response.

[1] K. Maki and A. Griffin, Phys. Rev. Lett. 15, 921 (1965).

[2] F. Giazotto and M. J. Martinez-Pérez, Nature 492, 401 (2012).

TT 9.3 Mon 10:15 HFT-FT 101
Odd-frequency superconductivity revealed by thermopower
— Sun-Yoncg Hwanc!, PaBLo Burser?, and eBJORN SOTHMANN!
— ITheoretische Physik, Universitit Duisburg-Essen and CENIDE, D-
47048 Duisburg, Germany — 2Department of Applied Physics, Aalto
University, FIN-00076 Aalto, Finland

Conventional superconductivity is well-explained in the framework of
BCS theory by the formation of spin-singlet Cooper pairs. However,
other exotic types of superconductivity involving, e.g., spin-triplet
pairs exist as well. In general, superconducting correlations can be
characterized by a nonvanishing pair amplitude which has a definite
symmetry in spin, momentum and time or frequency. While the spin
and momentum symmetry have been probed experimentally for differ-
ent classes of superconductivity, the odd-frequency nature of certain
superconducting correlations has so far been probed only indirectly.
Here, we propose the thermopower as an unambiguous way to assess
odd-frequency superconductivity. This is possible since the thermo-
electric coefficient given by Andreev-like processes is only finite in the
presence of odd-frequency superconductivity. We illustrate our gen-
eral findings with a simple example of a superconductor-quantum dot-
ferromagnet hybrid.

TT 9.4 Mon 10:30 HFT-FT 101
Electron transport and thermoelectricity in quantum
dot Cooper-pair splitters — eRoBerT Hussein!, SiecmunD
KonLER?, WoLFcang BEerLzic!, FrRaNcEsco G1azoTTo?, MICHELE
GovERNALE?, and ALEssaNDRO Braccio® — lFachbereich Physik,
Universitit Konstanz, Germany — 2Instituto de Ciencia de Materi-
ales de Madrid, CSIC, Spain — 3NEST, Istituto Nanoscienze-CNR,
Italy — “Victoria University of Wellington, New Zealand

We investigate electronic and thermoelectric transport in a Cooper-
pair splitter based on a double quantum dot realized in a nanowire.
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We study how the interplay between local and nonlocal tunneling pro-
cesses between the superconductor and the dots influences the trans-
port properties. For finite Coulomb interaction and in the presence of
interdot tunneling, the Cooper-pair splitter may develop spatial entan-
glement even in the absence of the cross Andreev reflection process. We
show that the spin-orbit coupling of the nanowire can be used to con-
trol the symmetry (singlet or triplet) of the entangled electron pairs.
We further analize under which conditions thermoelectric induced cur-
rents may lead to nonlocal cooling of one of the normal contacts, and
when they may give rise to nonlocal power generation.

[1] R. Hussein, L. Jaurigue, M. Governale, and A. Braggio, Phys. Rev.
B 94, 235134 (2016).

[2] R. Hussein, A. Braggio, and M. Governale, Phys. Status Solidi B
254, 1600603 (2017).

TT 9.5 Mon 10:45 HFT-FT 101
Charge-vibration interaction in normal-superconductor
quantum dots — eGiaNLuca RasTeLLI!, PascaL STapLER?, and
WorrcanG BeLzic? — Zukunftskolleg & Fachbereich Physik, Uni-
versitit Konstanz, Konstanz, Germany — 2Fachbereich Physik, Uni-
versitiat Konstanz, Konstanz, Germany

We study the quantum transport and the nonequilibrium vibrational
states of a quantum dot embedded between a normal-conducting and
a superconducting lead with the charge on the quantum dot linearly
coupled to a harmonic oscillator of frequency w [1,2]. We analyze the
inelastic, vibration-assisted tunneling processes in the regime w < A,
with the superconducting energy gap A, and for sharp resonant trans-
mission through the dot. Inelastic vibration-assisted Andreev reflec-
tions as well as quasiparticle tunneling induce a strong nonequilibrium
state of the oscillator. In particular, we show that ground-state cooling
of the oscillator - with phonon occupation n « 1 - can be achieved simul-
taneously for many of the oscillator’s modes of different frequencies.
We discuss how the nonequilibrium vibrational state can be readily de-
tected by the asymmetric behavior of the inelastic current peaks with
respect to the gate voltage.

[1] Phys. Rev. B. 96 , 045429 (2017);

[2] Phys. Rev. Lett. 117, 197202 (2016).

TT 9.6 Mon 11:00 HFT-FT 101
Temperature effects in superconducting quantum dots —
eVLADISLAV PokorNY! and MaRTIN ZoNnpa2 — lnstitute of Physics,
Na Slovance 2, 18221 Prague, Czech Republic — 2Faculty of Mathe-
matics and Physics, Charles University, Ke Karlovu 5, 12116 Prague,
Czech Republic

We study the temperature effects in a system consisting of a single-level
quantum dot with local Coulomb interaction attached to two supercon-
ducting leads and optionally a third, metallic lead. The system is de-
scribed by the single-impurity Anderson model coupled to BCS super-
conducting baths and solved using the continuous-time, hybridization-
expansion (CT-HYB) quantum Monte Carlo as well as the numerical
renormalization group (NRG). We study the behavior of the subgap
(Andreev-Shiba) states, the Josephson current and the fate of the zero-
pi (singlet-doublet) quantum phase transition. We also show the limits
of usability of the stochastic optimization method for obtaining the
spectral functions from the imaginary-time CT-HYB results.

TT 9.7 Mon 11:15 HFT-FT 101
Simple transformation between symmetrically and asymmet-
rically coupled superconducting quantum dots — eMARTIN
Zonpal2, Arzita KaDLECOVAZ, and TomAS Novorny?2
Hnstitute of Physics, University of Freiburg, Hermann-Herder-Strasse
3, 79104 Freiburg, Germany — 2Department of Condensed Matter
Physics, Faculty of Mathematics and Physics, Charles University, Ke
Karlovu 5, CZ-121 16 Prague 2, Czech Republic

We will present simple, yet very powerful correspondence between the
characteristics of a single-level quantum dot coupled symmetrically to
two phase-biased superconducting leads with its asymmetrically cou-
pled equivalents. Counter-intuitively, it is the symmetric setup which
is the most general one and its characterization enables full descrip-
tion of any equivalent asymmetrically coupled system. This discovery
makes it possible to utilize known results for symmetric setups in gen-
eral asymmetric cases via trivial analytical relations. We will present
ready-to-use conversion formulas for the 0 — 7w phase transition bound-
ary, on-dot quantities, and the Josephson current and illustrate them
on the numerical renormalization group results. The formulas also pro-
vide an efficient tool for estimating the coupling asymmetry directly
from the experimental data, which is otherwise a demanding task. We
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will demonstrate this by analysing recent 0 — 7 transition measure-
ments [1].
[1] Delagrange et al., Phys. Rev. B 93, 195437 (2016).

15 min. break.

TT 9.8 Mon 11:45 HFT-FT 101
Fermionic reaction coordinates and their application to an
autonomous Maxwell demon in the strong coupling regime —
ePHILIPP STRASBERG!, GERNOT SCHALLER2, THOMAS L. ScHMIDT!,
and MassiMiLIaNO EsposiTo! — 1Physics and Materials Science Re-
search unit, University of Luxembourg, Luxembourg — 2Institut fiir

Theoretische Physik, Technische Universitdt Berlin, Germany

We establish a theoretical method which goes beyond the weak cou-
pling and Markovian approximations while remaining intuitive, using
a quantum master equation in a larger Hilbert space. The method
is applicable to all impurity Hamiltonians tunnel-coupled to one (or
multiple) baths of free fermions. The accuracy of the method is in
principle not limited by the system-bath coupling strength, but rather
by the shape of the spectral density and it is especially suited to study
situations far away from the wide-band limit. In analogy to the bosonic
case, we call it the fermionic reaction coordinate mapping. If time per-
mits, we will discuss as an application a thermoelectric device made
of two Coulomb-coupled quantum dots. We pay particular attention
to the regime where this device operates as an autonomous Maxwell
demon shoveling electrons against the voltage bias thanks to informa-
tion. Contrary to previous studies we do not rely on a Markovian weak
coupling description. Our numerical findings reveal that in the regime
of strong coupling and non-Markovianity, the Maxwell demon is often
doomed to disappear except in a narrow parameter regime of small
power output.

TT 9.9 Mon 12:00 HFT-FT 101
Quantum thermodynamics in strongly coupled quantum
dots — eTHOMAS ScHMIDT, MAssIiMILIANO EsposiTo, and PATRICK
HaucHIaAN — Physics and Materials Science Research Unit, University
of Luxembourg, Luxembourg

It has emerged over the past years that it is not straightforward to
find consistent definitions of thermodynamic quantities, such as heat
and entropy, in driven quantum systems which are strongly coupled
to reservoirs. In order to shed light on this question, we have in-
vestigated the simplest prototypical model, namely a noninteracting
resonant level model coupled to fermionic reservoirs. Using an ex-
act solution of the fully driven quantum mechanical model, we show
how to define observable thermodynamical quantities which allow the
derivation of a first and second law of thermodynamics.

TT 9.10 Mon 12:15 HFT-FT 101
Shot Noise and electron pairing in integer quantum Hall
interferometers — eGiovannt ANDREA FRIGERIDVZ, Danien D.
ScHERER?, and BERND RoseNow® — IMPI for Mathematics in the
Sciences, Leipzig, Germany — 2Niels Bohr Institute, Copenhagen,

Denmark — 3University of Leipzig, Germany

Recently, halving of the magnetic flux period was observed experi-
mentally for a Fabry-Perot interferometer in the integer quantum Hall
regime with bulk filling factor between 2.5 and 4.5 . In addition, shot
noise measurements yielded a Fano factor of two, indicating that the
halving of the flux period could be interpreted in terms of electron
pairing [1].

While the flux period halving has been explained by a strong
Coulomb interaction between the outermost interfering edge mode and
an inner non-interfering edge mode [2], an extension of the model [2] is
needed to compute shot noise produced by electron partitioning in the
interferometer. Specifically, we consider a model in which the number
of electrons in the inner edge mode can change stochastically, affecting
in this way the tunnelling probability of an interfering electron, and
giving rise to an enhanced Fano factor. In addition, we calculate the
interference visibility in the presence of inner edge charge fluctuations,
and derive a relation between Fano factor and interference visibility.
[1] H. Choi, I. Sivan, A. Rosenblatt, M. Heiblum, V. Umansky, and D.
Mabhalu, Nature Comm. 6 (2015)

[2] G. A. Frigeri, D. D. Scherer, B. Rosenow, arXiv:1709.04504 (2017)

TT 9.11 Mon 12:30 HFT-FT 101

Crystallization of Levitons in the fractional quantum
1,2

Hall regime — eFravio RoneTTi!'2, Luca Vannucct!, Dario
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FERRARO®, JEROME REcH2, THIBAUT JONCKHEEREZ, THIERRY

MagrTIN?, and MAURA SasseTTi! — !Universita di Genova and CNR-
SPIN, Via Dodecaneso 33, 16146, Genova, Italy. — 2Aix Marseille
Univ, Université de Toulon, CNRS, CPT, Marseille, France.
3Istituto Italiano di Tecnologia, Graphene Labs, Via Morego 30, I-
16163 Genova, Italy

The emergence of self-organized regular patterns in optical solitons
has been recently subject of intense investigation, as they promise to
be exceptionally useful in quantum communication [1]. In the frame-
work of electron quantum optics, a train of Lorentzian voltage pulses
emerges as the solid state counter-part of optical solitons, namely ro-
bust ballistically propagating wave-packets carrying an integer number
q of electrons called Levitons [2,3]. Using a periodic train of Levitons,
we investigate the charge density backscattered off a quantum point
contact in the fractional quantum Hall regime, finding a self-organized
and regular pattern of peaks and valleys[4]. We demonstrate that the
predicted features manifest themselves as unexpected additional dips
in the well-studied Hong-Ou-Mandel noise.

[1] D. C. Daniel, et al. Nature Photonics 11, 671 (2017).

[2] J. Keeling, et al., Phys. Rev. Lett. 97, 116403 (2006).

[3] J. Dubois, et al., Nature (London) 502, 659 (2013).

[4] F. Ronetti, et al., in preparation (2017).

TT 9.12 Mon 12:45 HFT-FT 101
Fractionalization of charge in incoherent, sequential electron
transport — eRomaN-PascaL RiwarR — JARA Institute for Quan-
tum Information (PGI-11), Forschungszentrum Jiilich, 52425 Jiilich,
Germany

The notion of a fractional charge was up until now reserved for
quasiparticle excitations emerging from strongly correlated, topologi-
cal quantum systems, such as Laughlin quasiparticles in the fractional
quantum Hall effect or, more recently, parafermions. Here, we argue
that a topological braiding transition in the full counting statistics can
lead to a fractionalisation of the charge - strikingly - in fully incoherent
electron transport out of equilibrium. Importantly, this effect emerges
already on the level of standard sequential tunneling through quan-
tum dots and metallic islands, making its observation experimentally
accessible to a large and easily controllable class of systems. We show
that the fractional charge and the underlying topological invariants
can be measured by means of the detector’s waiting time distribution.
Based on its topology, we find that this fractional charge effect can, in
spite of its very different physical origin, be regarded as a quasiclassi-
cal analogy to the fractional transport of Cooper pairs in topological
Josephson junctions.

TT 10: Heusler Compounds, Semimetals and Oxides (joint session MA/TT)

Time: Monday 9:30-13:15

TT 10.1 Mon 9:30 EB 301
Epitaxial growth of compensated ferrimagnetic Heusler thin
films Mn-Fe-V-Al — eStHaAM OuarpI, Kazuva Z. Suzuki, and
SuiGEM1 Mizukami — WPI Advanced Institute for Materials Re-

search, Tohoku University, Sendai 980-8577, Japan

Cubic Heusler compound Mnj 5FeV( 5Al is a fully compensated half-
metallic ferrimagnet with 24 valence electrons per formula unit. Here
we report on epitaxial growth of the compensated ferrimagnetic Mn-
Fe-V-Al Heusler films. The thin films of 30 nm thickness were grown
directly on single crystalline MgO (001) substrates by using an ultra-
high-vacuum magnetron sputtering technique. The Heusler structure
was characterized by x-ray diffraction. The crystal structure ordering
was controlled by the deposition at various substrate temperatures.
Magnetometry measurements show a nearly vanishing magnetization
where the anomalous Hall measurements exhibited magnetic ordering.
The ferrimagnetic coupling between the different sublattices (Mn, Fe,
and V) will discussed based on magnetic dichroism in angle-resolved
hard X-ray photoelectron spectroscopy (MCD-HAXPES). The advan-
tage of vanishing magnetization in combination with high spin polar-
ization of this material thin films provides the possibility for spintronic
device applications.

This work is supported by the Grant-in-Aid for Scientific Research
KAKENHI (17H06513).

TT 10.2 Mon 9:45 EB 301
Polycrystalline vs Epitaxial Fe2-xMnl-+xAl Heusler films
with exchange bias shift — eSamMEr Kurpi!, Giorcio DiviTINI,
MassiMo GuipINI'2:3, Markus MEINERT?, Marco Coisson®,
THOMAS FORREST?, GUNTER REIss?, SARNJEET Dursi®, PaorLa
TiBERTO®, and Zoe BarBER! — !University of Cambridge, UK —
2Department of Physics, University of Parma, Italy — ?Diamond Light
Source, Oxfordshire, UK — “*Center for Spinelectronic Materials and

Devices, Bielefeld University, Germany — ®INRIM, Torino, Italy

Magnetic recording devices are pervasive in current technology, and the
development of environmentally friendly, sustainable and scalable de-
vices based on Earth-abundant materials is a high research priority. In
this study we investigate a simple, cost-effective single-layer exchange
biased film for spin valves, a fundamental part of data storage systems.

We grew 200 nm polycrystalline and epitaxial Fe2-xMn1+xAl (x =
-0.25, 0, 0.25) Heusler alloy films and characterized them to study the
influence of Mn content on the exchange bias shift. The microstructure
is shown to have a profound effect on film properties. In-situ annealing
TEM studies show that the polycrystalline samples have Mn-rich and
Fe-rich phases inducing a spin glass exchange bias shift of around 150
Oe at 4 K for Fel.75Mn1.25Al. The exchange bias shift was observed
at temperatures up to 12 K for the Fel.75Mn1.25A1 and up to 6 K
for Fe2MnAl polycrystalline samples, whilst only the Fel.756Mn1.25A1
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epitaxial film showed any bias shift (50 Oe, below 2 K). XMCD sum
rule analysis of the polycrystalline samples showed different behaviour
from the as-predicted perfectly ordered L.21 Heusler structure.

TT 10.3 Mon 10:00 EB 301
Evolution of the interfacial perpendicular magnetic
anisotropy constant of the CosFeAl interface upon anneal-
ing — eANDREs Concal, ArLgssia Niesen?, GUENTER ReEiss?,
and BURkARD HILLEBRANDS! — lFachbereich Physik and Landes-
forschungszentrum OPTIMAS, Technische Universitat Kaiserslautern,
67663 Kaiserslautern, Germany — 2Center for Spintronic Materials
and Devices, Physics Department, Bielefeld University, 33615 Biele-
feld, Germany

We investigate a series of films with different thicknesses of the Heusler
alloy CooFeAl in order to study the effect of annealing on the interface
with a MgO layer and on the bulk magnetic properties. Our results
reveal that while the perpendicular interface anisotropy constant K. §'
is zero for the as-deposited samples, its value increases with annealing
up to a value of 1.14 % 0.07 mJ/m? for the series annealed at 320°C
and of 2.0 4 0.7 mJ /m? for the 450°C annealed series owing to a strong
modification of the interface during the thermal treatment. This large
value ensures a stabilization of a perpendicular magnetization orienta-
tion for a thickness below 1.7 nm. The data additionally shows that
the in-plane biaxial anisotropy constant has a different evolution with
thickness in as-deposited and annealed systems. The Gilbert damping
parameter o shows an absolute minimum value of 2.8 & 0.1 x 1073,
The thickness dependence is explained in terms of an inhomogeneous
magnetization state generated by the interplay between the different
anisotropies of the system and by the crystalline disorder.

Support by M-era.Net and HEUMEM is acknowledged.

TT 10.4 Mon 10:15 EB 301
high throughput screening for 3D spin gapless semiconduc-
tors in Heusler compounds — €QIANG GAO, INGO OPHALE, and
HONGBIN ZHANG — Institute of Materials Science, TU Darmstadt,
Darmstadt, Germany

In recent years, spin-gapless semiconductors (SGSs) have drawn inten-
sive attention to the spintronics community. SGSs are half metals with
the valence band maximum and conduction band minimum touching
each other directly or indirectly (1). In this work, we performed high
throughput screening for novel three-dimensional SGSs in quaternary
Heusler compounds. Following the empirical rule, we focused on com-
pounds with 18, 21 or 26 valence electrons (2). We have found many
new Heusler compounds as candidate SGSs, with both direct and in-
direct touching. In particular, it is observed that spin-orbit coupling
can also drive some systems into the SGS phase, resulting in possible
interesting applications for future spintronic devices. (1) X.L. Wang,
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Phys. Rev. Lett., 100, 156404 (2008). (2) X.T. Wang, Z.X. Cheng,
J.L. Wang, X.L. Wang, G.D. Liu, J. Mater. Chem. C, 4, 7176-7192
(2016).

TT 10.5 Mon 10:30 EB 301
Symmetry and magnitude of intrinsic spin-orbit torques
in the half-Heusler alloy PtMnSb — eJonannes MEeNDIL!,
JaNn Krierr?, Pnuong Dao!, Can On~ur Avcrl, MyRIAM
HaYDEE AGUIRRE?, KARSTEN RoTT2, JAN-MICHAEL SCHMALHORST?,
Frank FrEmuTe?, GoNTER REIss?, Timo KuscueL?, and PIETRO
GAMBARDELLA! — !Department of Materials, ETH Ziirich
2CSMD, Department of Physics, Bielefeld University — 2Universidad

de Zaragoza — “Peter Griinberg Institut, FZ Jiilich

Magnetization manipulation by spin-orbit torques (SOTs) has ad-
vanced to an active research field over the past few years and is mostly
focused on conventional ferromagnets deposited on heavy metal lay-
ers where the space inversion symmetry is broken at the interface[1].
However, space inversion symmetry is intrinsically broken in non-
centrosymmetric crystals [2]. We present the first observation of in-
trinsic SOTs in PtMnSb single layers, which is a magnetic half-Heusler
alloy. It was prepared by co-sputtering [3]. Using crystallographic
symmetry, we separate the observed SOTs in odd and even components
with respect to magnetization inversion. We reveal corresponding ef-
fective fields that scale up to the 2nd and 3rd power of magnetization
components with a distinct symmetry compared to standard field-like
and damping-like SOTs. Finally, we characterize the SOTs as a func-
tion of PtMnSb thickness and discuss the possibility of using PtMnSb
for magnetic switching applications. [1] Garello et al., Nat. Nanotech.
8, 587 (2013) [2]| Ciccarelli et al., Nat. Phys. 12, 855 (2016) [3] Krieft,
Mendil et al., Phys. Stat. Sol. (RRL) 11, 1600439 (2017)

TT 10.6 Mon 10:45 EB 301
Electrical transport in the tetragonal Heusler system Mn-
Pt-Ga — eVivek Kumar!, Ajava K. Navak?, NitesH KuMaRr!,
PeTER ADLER!, and CrAaupia FeLser! — 'Max Planck Institute for
Chemical Physics of Solids, Dresden, Germany — ?National Institute

of Science Education and Research Bhubaneswar, Jatni, India

Nontrivial magnetic textures have attracted interest for improv-
ing desired properties in spintronic devices. Materials with non-
centrosymmetric crystal structure are capable of inducing nontrivial
spin structures due to the presence of Dzyaloshinskii-Moriya interac-
tion (DMI). We have recently reported the magnetic antiskyrmions in
tetragonal Heusler material Mn1.4Pto.9Pdo.1Sn [1]. Here, we present
the effect of spin-orbit interaction in another inverse tetragonal Heusler
system Mn-Pt-Ga by electrical transport measurements. The tetrago-
nal Mn3zGa has ferrimagnetic order where Mn atoms sit on two differ-
ent magnetic sublattices. The substitution of a late transition metal
in place of Mn, here Pt, leads to breaking the inversion symmetry [2].
We found an anomaly in Hall resistivity which is dominating at higher
Pt substitution. The behavior of Hall resistivity cannot be scaled with
magnetization. This is an indication of non-coplaner spin configura-
tions in this system which are stabilized due to increase in DMI.

[1]A. K. Nayak et al., Nature 548, 561 (2017).

[2]S. Chadov et al., Phys. Rev. B 91, 094203 (2015).

TT 10.7 Mon 11:00 EB 301
Physical properties of the CuMnAs alloy - promising material
for the antiferromagnetic spintronics — eFRANTISEK Macal,
Joser Kuprnovsky!, VacrLav DrcHaL!, KaArReL Carva2, PavEL
Baraz?, and ILja Turek? — lInstitute of Physics ASCR, Praha —

2Faculty of Mathematics and Physics, Charles University, Praha

We have investigated from first principles the role of defects in the
antiferromagnetic CuMnAs alloy with tetragonal structure [1]. Mncy,
Cupmn, Mn-Cu swaps, and vacancies on Mn- and Cu-sublattices are
the most probable defects in this material. We have found that the
electron correlations play important role in description of the phase
stability.

We calculated transport properties for CuMnAs with defects of
low formation energies and estimated in-plane resistivity of CuMnAs.
Our numerical simulations fitted experiment very well if we assumed
concentrations 3.5-5% Mnc, or Mn-Cu swaps, much larger concentra-
tions would be needed for Cuypy, defects or Mn-vacancies. We have
estimated also the Neel temperature using the Monte Carlo approach,
result agrees reasonably well with the experimentally observed value.

[1] F. Méca, J. Kudrnovsky, V. Drchal, K. Carva, P. Balaz, and .
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Turek, Phys. Rev. B 96 (2017) 094406.

15 minutes break

TT 10.8 Mon 11:30 EB 301
Improved reversibility by hydrostatic pressure in Ni-Mn
based Heusler alloys — eParuL Drvi!, Luana Caron!, SANJAY
SiNgH!, ALEXANDRE MaceNUU G. CarvaLHO?, and CLAauDIA FELSER!
— 'Max Planck Institute for Chemical Physics of Solids, Dresden, Ger-
many — 2Laboratério Nacional de Luz Sincrotron, SdoPaulo, Brasil

Ni-Mn based Heusler alloys show first order diffusionless magnetostruc-
tural phase transition. The first order magnetostructural phase tran-
sition results in large magnetocaloric effect due to the change in both
magnetic and crystal structure. The thermal or magnetic hysteresis is
characteristic of first order phase transition which results in irreversibil-
ity of MCE. This irreversibility makes these materials less efficient for
magnetic refrigeration. Therefore, nowadays, a lot of efforts have been
made to reduce the hysteresis in these alloys [1]. In the present work,
we observed a large reduction of hysteresis in off stoichiometric com-
position of Ni-Mn-In by hydrostatic pressure. To confirm that it is
applicable to all Heusler alloys, we did it for two more different com-
positions of Ni-Mn based Heusler alloys. We got the decrement of
hysteresis in these materials as well. However the rate of decrease in
all three materials were different. Furthermore, we confirmed that the
decrease in hysteresis was because of the increasingly geometric com-
patibility condition, recently predicted by James and co-workers [2].
[1]J. Liu et al., Nature materials 11, 620 (2012).

[2]Y. Song et al., Nature Letter 502, 85 (2013).

TT 10.9 Mon 11:45 EB 301

NMR investigations of irradiation-induced structural changes
in CooMnSi thin films — eFraNziska HamMMERATH', MIra R.
D. BranpT!, RaNTES BaLi?, Kay Porzcer?, RomMAN BOTTGERZ,
RENE HUBNERZ2, YUva SAKURABA®, BERND BUCHNER!, and SABINE
WURMEHL! — 1IFW Dresden, Institute for Solid State Research,
Helmholtzstrake 20, 01069 Dresden — 2Institute of Ion Beam Physics
and Materials Research, HZDR, Bautzner Strafte 400, 01328 Dresden,
Germany — 3National Institute for Materials Science (NIMS), Sengen
1-2-1, Tsukuba, Ibaraki 305-0047, Japan

Co2MnSi is a well-known Heusler compound which is predicted to be
half-metallic, i.e., possessing 100% spin-polarization and, thus, being a
promising candidate material for enhancing the magneto-resistance of
spin-valves [1]. Half-metallicity depends sensitively on the local chemi-
cal order, hence methods to improve the structure of CooMnSi towards
the ideal L2; order and, thus, to achieve full spin-polarization are of
huge technological relevance. On the basis of XRD measurements it
has been argued that irradiation with HeT ions induces an improve-
ment of B2-order in CoaMnSi thin films towards a possible formation
of L2y order [2]. We investigated the structure-property relationship
of Het-irradiated CoaMnSi alloy thin films locally by means of ®?Co
nuclear magnetic resonance (NMR) and observed an increased disor-
der upon increasing the ion flux, going along with a decrease of the
saturation magnetization.

[1] T. Iwase et al., Appl. Phys. Express 2, 063003 (2009).

[2] O. Gaier et al., Appl. Phys. Lett. 94, 152508 (2009).

TT 10.10 Mon 12:00 EB 301
Optical properties of pyrochlore iridates: signatures
of electron correlation and spin-orbit-lattice coupling —
e ALEXANDER BoRis!, ALEXANDER YAREsko!, TIMOFEI LARKIN!,
Ksenia RabiNvovicu!, ALexksanDrRa Krajewskal?2, ToMoOHIRO
Taravyamal-2, Hipenorl Takacrh2, and BERNHARD KEIMER!
IMax Planck Institute for Solid State Research, Stuttgart, Germany

— 2University of Stuttgart, Stuttgart, Germany

Spectroscopic ellipsometry is used to determine the dielectric function
of A2IroO7 (A = In,Lu,Y) polycrystalline samples in the wide spec-
tral range from 10 meV to 6.5 eV at temperatures from 7 K to 300 K.
Comparing the spectra with the results of relativistic LSDA+U band
structure calculations, we quantitatively classify pyrochlore AsIroO7
as spin-orbital J.fs = 1/2 Mott insulators with the on-site Coulomb
interaction U = 1.5 eV and electronic bandwidths W = 0.3 - 0.5 eV.
Exciton doublets with pronounced Fano line shapes were identified in
Y2Ir2O7 and LuzIraO7 upon cooling below the magnetic ordering tem-
peratures Ty = 150 K and 145 K, respectively. Our results indicate
considerable effects of long-range Coulomb interaction and spin-orbit-
lattice coupling in the 5d pyrochlore compounds and the need for a
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detailed analysis of their influence on the Jepy = 1/2 states. Newly
synthesized InaIraO7 does not exhibit the absorption edge and phonon
anomalies below Ty = 45 K and thus serves as a reference.

TT 10.11 Mon 12:15 EB 301
Anisotropy of the spin-fluctuations and its impact on the
symmetry of the order parameter in the unconventional
Sr2RuO4 superconductor. — S. KuMmeLeEvskyi!, B. Kim2, D.
D. F. AcTerBERG?, P. Moun!, eoI. I. Mazin?, and C. FRANCHINI?
— ICenter for Computational Materials Science, Vienna University of
Technology, Vienna, Austria — 2Center for Computational Materials
Physics, Vienna University, Vienna, Austria — 3University of Wis-
consin, Milwaukee, USA. — 4Naval Research Laboratory, Washington
DC, USA.

The superconductivity (SC) in the Sr2RuO4 has attracted a consider-
able interest in the past two decades comparable to that in cuprates
and iron pnictides. NMR experiments strongly suggested a triplet
chiral order parameter, while more recent probes of strained crystals
point toward singlet pairing. In this work the structure of the spin-
fluctuations in the Sr2RuO4 has been investigated from first principles
using the DLM formalism and Lichtenstein method. We find that IC
spin-fluctuations are stabilized but several magnetic ground states with
q close to the commensurate (1/3, 1/3, 0) value are degenerate. We
show that the degeneration is removed by Spin-orbit coupling and a
very special collinear modulated magnetic structure with periodicity
1/3 is stabilized in the mean field in the [110] direction. We show
that anisotropic magnetic terms provide an energy penalty for rotat-
ing the order parameter that is several orders of magnitude too large
for the accepted interpretation, thus rendering the NMR experiment
completely inexplicable in terms of the conventional theory.

TT 10.12 Mon 12:30 EB 301
Magnetic shape-memory effect in SrRuOs eDANIEL
BronING!, STEFAN KUNKEMOLLER!, Acunc NuGroHO2, ISABELLE
StuNauLT?, MARKUS BRADEN!, and TuHOMAs Lorenz! — III.
Physikalisches Institut, Universitiit zu Koln, Germany — 2Faculty of
Mathematics and Natural Science, Institut Teknologi Bandung, In-

donesia — 3Institut Laue Langevin, Grenoble, France

As most perovskites, STRuO3 exhibits structural phase transitions as-
sociated with rotations of the RuOg octahedra. From a high temper-
ature cubic phase it becomes tetragonal at 975 K and orthorhombic
at 800 K resulting in six possible domains. Furthermore, SrRuQO3 or-
ders ferromagnetically at T, = 160 K with easy axis anisotropy due to
spin orbit coupling. Our neutron diffraction and macroscopic measure-
ments unambiguously show that magnetic fields rearrange structural
domains, although the ferromagnetic order occurs at six times lower
temperature than the structural distortion. For the field along a cu-
bic [110]. direction, a fully detwinned crystal is obtained. Subsequent
heating above T, causes a magnetic shape-memory effect, where the
initial structural domains recover, which is similar to Heusler alloys.

Kunkemoller et al., arXiv:1709.05688 (2017)

Funded by the DFG via CRC 1238 Projects A02, BO1, and B04.

TT 10.13 Mon 12:45 EB 301

Monday
Multicritical Lifshitz transition of the Fermi-surface in
Sr3RusO7 — eJosepH BEerouras!, DmiTry Erremov!?, ALEx

3 4 5

SHTYK?, Rost?, Craupio CHamoON®, and ANDREW
MACKENZIE IDepartment of Physics, Loughborough University,
Loughborough, UK — 2Leibniz-Institut fur Festkorper- und Werkstoff-
forschung, D-01069 Dresden, Germany — 3Department of Physics,
Harvard University, Cambridge, MA 02138, USA — 4SUPA, School of
Physics and Astronomy, University of St. Andrews, St. Andrews KY16
9SS, U.K. — 5Department of Physics, Boston University, Boston, MA,
02215, USA — SMax Planck Institute for Chemical Physics of Solids,
Noethnitzer Str. 40, 01187 Dresden, Germany

We present a theoretical framework, supported by experimental evi-
dence for a Lifshitz topological transition of the Fermi surface in the
ultra-clean layered perovskite metal Sr3RuzO7 . Strong power-law
dependence of the density of states on energy, associated to the topo-
logical transition, in addition to other main features of the Fermi sur-
face as well as interactions, can lead to novel physics. As a consequence,
many yet unexplained properties of the thermodynamics and forma-
tion of phases of this material can be understood. In particular, we
naturally explain the increase of the entropy? as well as the formation
of spin density wave (phase A) 3. This work provides an example of
the power of Fermi surface topological transitions.

1S. A. Grigera, S. A. et al. Science 306, 1154 (2004).

2 A. Rost et al., Science 325, 1360 (2009).

3 C. Lester et al, Nature Materials 14, 373 (2014).

ANDREAS
4,6

TT 10.14 Mon 13:00 EB 301
Study of reorientation in NdFep 5Mng 503 — ANKITA SINGH!,
ANIL JAINZ2, AVvDEET Rav?!, Vivian Nassir®, Tunika Martral, and
oVivEk K. MaLik! — !Department of Physics, IIT Roorkee, Roor-
kee, 247667, India — 2Solid State Physics Division, Bhabha Atomic
Research Center, Mumbai 400085, India — 3Institut Laue -Langevin,
71 Avenue des Martyrs, 38000 Grenoble, cedex 9 France

In the present study, we have studied spin reorientation in
NdFep.5Mng.503 using neutron powder diffraction technique. Poly-
crystalline compound NdFep s Mng 503 was synthesized using the stan-
dard solid state reaction method. Neutron powder diffraction experi-
ments over the temperature range of 1.5-300 K have been performed.
Our neutron diffraction study shows that below the Néel tempera-
ture (Tn250 K), the magnetic structure (for the Fe/Mn spins) is a
G-type antiferromagnet [corresponding to the I'; representation with
spins aligned along the crystallographic b direction. Below 70 K, ad-
ditional peaks appear in the neutron diffraction pattern. Rietveld re-
finement (below 70 K) confirms a coexistence of two magnetic phases
corresponding to representations I'; and I's. In the magnetic structure
corresponding to the I's representation, Fe/Mn spins are aligned along
the crystallographic ¢ direction (with small ferromagnetic component
along the crystallographic a axis). Upon cooling (below 50 K), the
phase fraction of the second magnetic phase increases. At 1.5 K, mag-
netic structure can be described only by I'z representation. An anti-
symmetric exchange interaction between R3+-Mn3* /Fe3+spins might
be responsible for the observed spin reorientation.

TT 11: Ferroelectric Domain Walls | (joint session KFM/TT)
Organizer: Sergey Artyukhin - Istituto Italiano di Tecnologia - Genova (Italy)

Time: Monday 9:30-12:45

Invited Talk TT 11.1 Mon 9:30 EMH 225
Atomic-resolution imaging of electronic inversion layers at
ferroelectric domain walls — eJuLiaA MunDY!, J. ScHAABZ, Y.
KuMmacar?, A. Cano®, M. StencerL®, I. Kung®, D. GorrTLoB?,
H. Docanay’, M. Horrz8, R. HELp®, Z. Yan2??, E. BoOURRET?,
C. ScuNeEDER’, D. Scurom®, D. MuLLer®, R. Ramesu?10 N.
SpaLpIN?, and D. Meer?!! — 'Harvard University — 2ETH Zurich
— 3Université de Bordeaux, ICMCB — 4ICREA Instituci6 Cata-

lana de Recerca i Estudis Avancat — ®Institut de Ciéncia de Ma-
terials de Barcelona (ICMAB-CSIC), Campus UAB — STU Berlin
— TForschungszentrum Julich — 8Cornell University — ?Lawrence

Berkeley National Laboratory — 10UC Berkeley — 1 Norwegian Uni-
versity of Science and Technology

Ferroelectric domain walls hold great promise as functional two-

27

Location: EMH 225

dimensional materials because of their unusual electronic properties.
Particularly intriguing are the so-called charged walls where a polar-
ity mismatch causes local, diverging electrostatic potentials requiring
charge compensation and hence a change in the electronic structure.
These walls can exhibit significantly enhanced conductivity and serve
as a circuit path. Here we use atomic-resolution STEM-EELS to di-
rectly probe the charge transfer at these charged ferroelectric domain
walls in ErMnOs3. Our direct quantification of the charge transfer to
the domain boundary gives insight into the the formation and even-
tual activation of an inversion layer that acts as the channel for the
charge transport. The findings provide new insight into the domain-
wall physics in ferroelectrics.

TT 11.2 Mon 10:00 EMH 225
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Monday

Charged domain walls and point defect-DW interactions in
hexagonal manganites — Diprik RENE SMABRATEN!, QUITIN
MEIER?, SANDRA HELEN SkJAERVOE!, THoMAs TyYBELL!, DENNIS
MEIER!, and eSVERRE MacNus SELBAcH! — !NTNU Norwegian Uni-
versity of Science and Technology, Trondheim, Norway — 2Materials

Theory, ETH Zurich, Ziirich, Switzerland

Charged head-to-head and tail-to-tail ferroelectric domain walls (DW)
in hexagonal manganites are stable because of the improper nature
of the ferroelectricity in these materials, and it has been experimen-
tally shown that their electronic properties can differ strongly from
bulk. First principles studies of charged DWs are scarce and the in-
herent electrostatic fields make DFT calculations challenging. Here we
combine density functional theory (DFT) calculations with a contin-
uum model based on Landau theory to study the properties of charged
DWs in YMnOgs, InMnO3 and isostructural YGaO3. We find excellent
agreement between the micro- and macroscopic models, and show that
the Mexican hat energy landscape of hexagonal maganites derived from
Landau theory also emerges naturally from DFT calculations of their
DWs. Head-to-head and tail-to-tail DW are structurally inequivalent
due to the different local chemical bonding. We formulate a general
criterion based on polarization and band gap for when charged DWs
become conducting. Finally, we study interactions between DWs and
oxygen interstitials and vacancies by DFT.

TT 11.3 Mon 10:15 EMH 225
Local control of chemical structure in a functional oxide
— eDonNaALD M. Evans!, THEopor S. HoLsTAD!, ALEKSANDER
B. MosBErRG?, PErR-ERIK VULLUM2, DIDRIK SMABRATEN!, SVERRE
SeLBacH!, ANToNIUs T. J. VAN HELvooRT2, and DENNIS MEIER! —
IDepartment of Materials Science and Engineering, NTNU, Norway —

2Department of Physics, NTNU, Norway

Since the suggestion to use ferroelectric domain walls (DWs) in nano-
electronics, there has been a great deal of research into their proper-
ties. The most obvious use of DWs with enhanced conductivity was
as nano-wires. But more recently, research is moving towards using
the DW as the functional element within a circuit, e.g. as a switch
or diode. This approach could allow whole circuit elements to be re-
placed by a single sub nanometre wide object - an option with clear
technological potential. Attractive as this concept is, the research is
still in its embryonic stage with many unanswered questions, not least,
how to connect these DW circuit elements. In this work, we demon-
strate how an atomic force microscope (AFM) can be used to change
the functional properties locally: that is, we can use an AFM to write
conducting strips on demand with all the position and control asso-
ciated with AFM techniques. This is demonstrated on a hexagonal
manganite (ErMnO3) and foreshadows the possibility to interconnect
functional DWs into nanoscale circuits. To better understand this abil-
ity to locally control functional properties, these modified regions were
analysed with both TEM, and EELS.

TT 11.4 Mon 10:30 EMH 225
Anomalous domain wall motion in Cu-Cl boracite: nega-
tive permittivity in an improper ferroelectric? — ¢ CHARLOTTE
CocHARD!, Josepn G.M. Guy!, MicHAEL P. CampBELL!, ROGER
W. WaaTMorE2, AmiT Kumar!, Raymonp G.P. McQuap?, and
Marry Grecc! — Queen’s University Belfast, Belfast UK —
2Imperial College London, London, UK

Negative capacitance has attracted a lot of attention recently thanks
to its potential to enable shorter switching time of transistors. It has
been observed in systems as diverse as p-n junction, electrochemical
systems, and ferroelectrics. To date, no single-phase material has been
reported to exhibit negative capacitance.

In this work, we show that regions in a boracite crystal
(CuzB7013Cl) exhibit anomalous electric-field-induced movement of
charged domain walls, consistent with negative permittivity. Boracites
naturally display domain wall configurations, seen to be electrically
active by current mapping [1]. While applying an electric field across
some of these charged walls, we observed that domains with polarisa-
tion components pointing opposite to the electric field grow at the ex-
pense of domains with polarisation components aligned with the field.
Thus dP/dE is negative and hence permittivity is negative. This be-
haviour is proposed to originate from the improper ferroelectric nature
of the boracite: the elastic energy payoff, due to polarisation-strain
coupling, is greater than the work done in generating increased polar-
isation against the applied electric field.

[1] R.G.P. McQuaid, et al. Nat. Commun. 8, 15105 (2017).
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TT 11.5 Mon 11:00 EMH 225
Interplay between point defects and domain wall mobility in
improper ferroelectric YMnO3; — eDIDRIK RENE SMABRATEN,
DEeNNis MEIER, and SVERRE MAGNUS SELBACH — Norwegian Uni-
versity of Science and Technology (NTNU), Trondheim, Norway

Understanding the domain wall (DW) dynamics in ferroelectrics is key
to controlling and fine-tune the domain structure and hence the fer-
roelectric properties. The DW dynamics strongly couple to the defect
chemistry in the material, where stationary dopants may act as pin-
ning centers or mobile defects may move with the DWs. The overall
aim of this study is to give chemical guidelines for how to control
the domain wall mobility via defect chemistry. Improper ferroelectric
YMnO3 has a complex and exotic DW structure, including neutral,
as well as positively and negatively charged DWs. Furthermore, the
material has a large chemical flexibility being robust against donor and
acceptor doping of its cation sublattices, and it is stable under both
oxygen deficiency and excess. This unique flexibility makes YMnOs3
an ideal model system for studying the interplay between DW mobility
and defect chemistry. From density functional theory (DFT) calcula-
tions we show how changes in the two cation sublattices affect the DW
mobility. In addition, we study how mobile anion defects couple to the
DW movement and determine if they move with or pin the DWs.

TT 11.6 Mon 11:15 EMH 225
Conducting domain wall networks in TbMnO3 and BiFeO3
— eMART SAvERDA!, WiLsoN AcEVEDO?, Dieco RuBI?, SAEEDEH
FAarokHIPOOR!, and BEAaTRIZ NOoHEDA! — !Zernike Institute for Ad-
vanced Materials, Groningen, The Netherlands — 2CNEA and INN,
Buenos Aires, Argentina

Ferroelastic domain walls in thin films of some complex oxides show a
higher conductivity than the domains [1][2]. This effect is proposed to
originate from the accumulation of ionic species at the domain walls
due to the presence of strain gradients [2][3|[4]. In a recent study [5]
we propose a model that accounts for the electrical behavior measured
in TbhMnOg thin films using macroscopic techniques, by assuming that
the structural domain walls that are present in these films [6] are con-
ducting. From the model, the value of the sheet resistance of the
domain walls has been extracted. To further investigate the validity
of this approach for other materials, we perform a similar analysis on
systems incorporating thin films of BiFeO3 where the domain walls are
already proven to be conducting. Our aim is to elucidate the intrinsic
transport properties of the domain walls.

[1] J. Seidel et al., Nature Materials 8, 229 (2009) [2]| S. Farokhipoor
and B. Noheda, Physical Review Letters 107, 127604 (2011) [3] E. Salje
and H. Zhang, Phase Transitions 82, 452 (2009) [4] T. Rojac et al.,
Nature Materials 16, 322 (2017) [5] W. Romaéan et al. (in preparation)
[6] S. Farokhipoor et al., Nature 515, 379 (2014)

Invited Talk TT 11.7 Mon 11:30 EMH 225
Understanding the dielectric enhancement from domain walls
in conventional and relaxor ferroelectrics — e ANDREwW RAPPE
— University of Pennsylvania, Philadelphia, PA, USA

The dielectric properties of ferroelectric materials are a key driver of
smart materials applications. In this talk, two key aspects of anoma-
lous dielectric enhancement will be analyzed: domain walls and relaxor
ferroelectrics. A comprehensive theoretical viewpoint will be sketched
that unifies these aspects, based on multi-scale materials modeling.

Incorporating quenched Coulombic disorder in ferroelectrics disrupts
and changes the character of this transition; instead of a sharp transi-
tion in a small temperature range, these oxide alloys exhibit “relaxed”
transitions over 100-200 K and are called “relaxor ferroelectrics.” I will
describe how a first-principles based multi-scale model can reveal the
dynamic and statically correlated motions of ions that lead to relaxor
behavior, and I will discuss their promise for next-generation piezoelec-
tric and dielectric material systems, with emphasis on the emergent
stabilization of a high density of low-angle domain walls.

I will also present molecular dynamics simulations of 90 degree do-
main walls (separating domains with orthogonal polarization direc-
tions) in the ferroelectric material PbTiO3 to provide microscopic in-
sights that enable the construction of a simple, universal, nucleation-
and-growth-based analytical model that quantifies the dynamics of
many types of domain walls in various ferroelectrics. This new model
illuminates domain wall influence on the dielectric responses of con-
ventional and relaxor ferroelectrics.
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TT 11.8 Mon 12:00 EMH 225
In-situ 4D observation of ferroelectric domain wall dynam-
ics using second-harmonic generation microscopy — eLuUKAsS
WEHMEIER, ALEXANDER HAussmaNN, and Lukas M. Eng — Insti-
tute of Applied Physics, Technische Universitdt Dresden, 01062 Dres-
den, Germany

Second-harmonic generation microscopy (SHGM) allows for the three-
dimensional (3D) observation of ferroelectric domain walls (DWs)
across millimeter-thick bulk materials[1,2]. For example, this is of
supreme value for exploring inclined and charged domain walls[1,3].
Here, we apply SHGM in order to quantify the DW dynamics in
triglycine sulfate (TGS) single crystals upon the ferroelectric-to-
paraelectric phase transition at the Curie temperature of =49 °C[4].
In addition, we study DW dynamics that are induced by external elec-
tric fields.

We show for TGS that SHGM allows exploring such electric-field-
induced and temperature-driven DW dynamics in 4D, i.e. in real-time
and full 3D imaging.

[1] T. Kampfe et al., Phys. Rev. B 89, 035314 (2014).

[2] T. Kdmpfe et al., Appl. Phys. Lett. 107, 152905 (2015).

[3] C. Godau et al., ACS Nano 11, 4816 (2017).

[4] L. Wehmeier et al., Phys. Stat. Solidi RRL 11, 1700267 (2017).

TT 11.9 Mon 12:15 EMH 225
Electrical half-wave rectification at improper ferroelectric do-
main walls — eJ. Scuaan!, S. H. Skiaervo?, S. Krouns3, X.
Darl, M. Horrz?, M. LiiensLum?, D. A. MuLLer®?, M. Fiesic!,
S. M. SeLBacH?, and D. MEier!»2 — 'ETH Ziirich — 2NTNU Trond-
heim — 3University of Augsburg — 4Cornell University — 5Kavli In-
stitute at Cornell for Nanoscale Science

Ferroelectric domain walls represent multifunctional 2D-elements that
offer great potential for novel device paradigms. Improper ferro-

electrics display particularly promising domain walls, which due to
their unique robustness, are the ideal template for imposing the de-
sired electronic behavior. Chemical doping, for instance, induces p-
or n-type characteristics and electric fields reversibly switch between
resistive and conductive domain-wall states.

Here, we demonstrate conversion of alternating current (AC) into
direct current (DC) output based on neutral 180° domain walls in
improper ferroelectric ErMnOs3. By combining scanning probe and di-
electric spectroscopy, we show that the AC-to-DC conversion occurs
for frequencies at which the domain walls are pegged to their equilib-
rium position. The practical frequency regime and magnitude of the
output is controlled by the conductivity of the surrounding domains.
Using density functional theory, we attribute the distinct transport
behavior to oxygen defects that accumulate at the neutral walls. Our
study reveals domain walls acting as 2D half-wave rectifiers, extend-
ing domain-wall-based nanoelectronics applications into the realm of
AC-technology.

TT 11.10 Mon 12:30 EMH 225
Unexpected BiFeO3 71 degree domain wall vibration — ePENG
CHEN and SERGEY ARTYUKHIN — Quantum Materials Theory, Istituto
Italiano di Tecnologia, Genova (Italy)

Emergent phenomena excitations at domain walls are attracting enor-
mous attention recently. Recent scanning impedance microscopy
(SIM) measurements reveal AC conductance attributed to domain
wall-localized phonons, that give important contributions to low-
frequency dynamics in ferroic materials. In BiFeOgs the polarization
change across 71 degree domain walls is perpendicular to the electric
field applied by the SIM tip, and therefore the DW-localized phonon
should not be excited by the tip. However, the experimental observa-
tions show a violation of this intuitive picture. Here we use Landau-
Ginzburg theory and first-principles calculations to address this puz-
zling behavior.

TT 12: Dynamics in Many-Body Systems: Interference, Equilibration and Localization | (joint
session DY /TT)

Time: Monday 10:00-12:45

TT 12.1 Mon 10:00 EB 107

Post-Ehrenfest many-body quantum interferences far-out-of-
equilibrium many-body systems — STEvE Towmsovicl'4, Denis
ULLmo?, PETER ScHLAGHECK®, eJuaN-DiEco UrBINA?Y, and KLAUS
RicHTER? — 1 Washington State University, USA — 2Universite Paris
Sud, France — 3University of Liege, Belgium — *University of Re-
gensburg, Germany
Many-body quantum dynamics in isolated systems far from equilib-
rium generate interferences beyond the Ehrenfest time where quantum
and classical expectation values diverge, with recent interest in the role
these interferences play in the spreading of quantum information across
the many degrees of freedom[1]. We have developed a semiclassical the-
ory which properly incorporates such quantum interference effects and
showed that, for mesoscopically populated Bose-Hubbard systems, it
captures post-Ehrenfest quantum phenomena very accurately even to
the point to alllow for high-precision many-body spectroscopy [2].

We present here a description of this novel approach and point out
how it can be used to improve the heavily used truncated Wigner
method [3] by incorporating exact degenaracies of classical actions re-
sponsible of robust many-body interference effects.
[1] S. H. Shenker and D. Stanford, JHEP 3, 67 (2014).
[2] S. Tomsovic, P. Schlagheck, D. Ullmo, J. D. Urbina, and K. Richter
arXiv 1711.04693 (2017).
[3] A. Sinatra, C. Lobo, and Y. Castin, J. Phys. B: Atom. Molec.
Opt. Phys. 35, 3599 (2002).

TT 12.2 Mon 10:15 EB 107
Signatures of indistinguishability in bosonic many-body dy-
namics — ToBias BRONNER!, GaBRIEL Durour!:2, eALBERTO
Robpricuez!, and ANDREAs BUCHLEITNER! — !Physikalisches Insti-
tut, Albert-Ludwigs-Universitat Freiburg, Hermann-Herder-Strafie 3,
D-79104, Freiburg, Germany — 2Freiburg Institute for Advanced Stud-
ies, Albert-Ludwigs-Universitidt Freiburg, Albertstrafe 19, D-79104
Freiburg, Germany

Many-body interference occurs as a fundamental process during the
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evolution of a quantum system consisting of two or more indistin-
guishable particles. The (measurable) consequences of this interfer-
ence, as a function of the particles’ mutual indistinguishability, was
studied for non-interacting photons transmitted through beam-splitter
arrays. However, the role of many-body interference in the dynamics
of interacting particles, e.g. cold atoms in optical lattices, had so far
remained unclear. We identify a quantifier of the particles’ mutual
indistinguishability attuned to time-continuously evolving systems of
(interacting) particles, which predicts the dynamical behaviour of ob-
servables influenced by genuine few-body interference. Our measure
allows a systematic exploration of the role of many-body interference
in the weakly and strongly interacting regimes.

TT 12.3 Mon 10:30 EB 107
Trajectory-based approaches for simulating nonequilibrium
dynamics in open quantum systems — SHUNSUKE SATO!,
AaroN KEeLry?, and ANGEL Rusio! — 'Max Planck Institute for
the Structure and Dynamics of Matter, Hamburg, DE — 2Dalhousie

University, Halifax, Canada

‘We present our recently developed trajectory-based quantum dynamics
approach for treating nonequilibrium phenomena in electron-phonon
systems. Based on a simple extension of mean field theory, this new
approach leads to simulation scheme that uses a statistical ensemble of
coupled trajectory pairs. The time-evolution of each pair is governed
by the Euler-Lagrange variational principle. This method yields mean
field theory in the limit that the trajectories are orthogonal, and in
the limit that they completely overlap. Although trajectories are only
coupled to a single partner, this method shows a substantial improve-
ment over mean field theory in capturing quantum coherence in the
nuclear dynamics as well as electron-nuclear correlation. The perfor-
mance of our coupled trajectory method is particularly favourable in
nonadiabatic systems, as it retains quantitative accuracy well beyond
the perturbative electron-phonon coupling regimes of the spin-boson
model, and the Holstein polaron model.

Furthermore, when utilized in tandem with the Nakajima-Zwanzig-
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Mori generalized quantum master equation formalism, this hybrid
trajectory-based master equation approach provides an attractive
route forward to a fully ab initio description of relaxation processes,
such as thermalization, in condensed phase systems.

TT 12.4 Mon 10:45 EB 107
Energy transport in the driven disordered XYZ chain —
eMaximMiLIAN ScHuLz2, ScorT TayLor?, Curis HooLEy?, and AN-
TONELLO ScARDICCHIO?? — 1Max Planck Institut fiir Physik kom-
plexer Systeme — 2University of St Andrews — 3Abdus Salam ICTP
— 4INFN, Sezione di Trieste

The delocalized region preceding the many-body localization (MBL)
transition is currently receiving a significant amount of attention due
to apparent deviations from typical diffusive transport. The XXZ spin
chain has been shown to exhibit subdiffusive spin transport at inter-
mediate disorder strengths, and the nature of energy transport close
to the MBL transition is still a matter of debate.

We present results of a combined time-evolving block decimation and
exact diagonalization study of energy currents in the disordered XYZ
spin chain on the delocalized side of the MBL transition. The signifi-
cance of this choice of model is that its clean hydrodynamics involves
only energy currents, whereas the XXZ model has both energy and
spin currents. This allows us to explore the question of how the nature
of the delocalized phase depends on the hydrodynamic properties of
the underlying clean model.

TT 12.5 Mon 11:00 EB 107
Construction of exact constants of motion and effective mod-
els for many-body localized systems — eMARCEL GorHL, MAREK
Gruza, CHRISTIAN KrRUMNOW, and JENS Eiserr — Dahlem Center
for Complex Quantum Systems, Freie Universitat Berlin, 14195 Berlin,
Germany

One of the defining features of many-body localization is the presence
of extensively many quasi-local conserved quantities. These constants
of motion constitute a corner-stone to an intuitive understanding of
much of the phenomenology of many-body localized systems arising
from effective Hamiltonians. They may be seen as local magnetization
operators smeared out by a quasi-local unitary. However, to accurately
identify such constants of motion remains a challenging problem. Cur-
rent numerical constructions often capture the conserved operators
only approximately or trade desirable properties such as exactly com-
muting with the Hamiltonian against each other, restricting a conclu-
sive understanding of many-body localization. In this talk, we use
methods from the theory of quantum many-body systems out of equi-
librium to establish a new approach for finding a complete set of exact
constants of motion which are in addition by construction guaranteed
to represent Pauli-z operators. By this we are for the first time able
to construct and investigate the proposed effective Hamiltonian using
exact diagonalization. Hence, our work provides an important tool ex-
pected to further boost inquiries into the breakdown of transport due
to quenched disorder.

15 min. break

TT 12.6 Mon 11:30 EB 107
Non-Ergodic Dynamics in Many-Body Systems — CaARLO
DanieLl and eSERGEJ FrLacH — Center for Theoretical Physics of
Complex Systems, Institute for Basic Sciences, Daejeon, Korea

Integrable models are characterized by a set of preserved actions. Close
to the limits, the nonintegrable perturbations span a coupling network
in action space which can be short or long ranged. The equilibrium
dynamics of a system close to such limits is sensitive to the network
type. Long range networks enforce ergodicity with large but finite re-
laxation time scales at a finite distance to the integrable limit. Short
range networks lead to a loss of ergodicity at a finite distance from
the limit. We demonstrate this by choosing observables which turn
conserved actions at the limit. Off the limit, and fixing their value
to the proper statistical average, they define manifolds in the phase
space of an ergodic and equipartitioned many-body system. A typical
trajectory pierces such manifolds infinitely often as time goes to in-
finity. Close to the integrable limit, the dynamics yields a power-law
distribution of the excursion times off the manifolds. The exponent
is used as a measure of distance from a potential nonergodic regime.
We analyse several cases: the Fermi Pasta Ulam chain in the limit of
small energies (long range network), and the Klein-Gordon, Discrete
Gross Pitaevskii and coupled rotor lattices in the limit of large energies
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(short range network).

TT 12.7 Mon 11:45 EB 107
memory effects in the strongly anharmonic FPUT model —
eGRrAzIANO AMaTI', Hucues MEYER?, and TANJA ScHILLING! —
I Physikalisches Institut, Albert-Ludwigs-Universitit, 79104 Freiburg,
Germany — 2Research Unit in Engineering Science, Université du Lux-
embourg, L-4364 Esch-sur-Alzette, Luxembourg

The Fermi-Pasta-Ulam-Tsingou (FPUT) Problem represents an in-
triguing challenge in Modern Physics. In its original formulation, it
questions whether or not a Dynamical System can reach thermaliza-
tion if a small anharmonicity is added to an integrable system, under
specific out-of-equilibrium initial conditions. The problem was orig-
inally raised by the apparent lack of energy spreading between the
normal modes of a one-dimensional chain of particles with a small an-
harmonicity, in case the energy at the initial time is given to the lowest
frequencies of the system.

In the present work, we consider a one-dimensional chain of many
particles with a strongly anharmonic interaction potential. The model
is initialized at canonical equilibrium, and we take as a relevant variable
the Fourier Transform of the density of particles for a tagged degree of
freedom. The time correlation function of this observable exhibits an
interesting non-ergodic behavior due to a temperature-driven "FPU-
like’ dynamical localization, that corresponds to a nontrivial memory
profile.

Via a novel coarse-graining technique, we are able to reconstruct the
dynamics of the memory, and to show that the exhibited non-ergodicity
can be rephrased via the memory kernel of the process.

TT 12.8 Mon 12:00 EB 107
Dynamical quantum phase transitions in the particle-
antiparticle production of a lattice gauge theory — eYI1-Pinc
Huanc and Markus HEvL — Max-Planck-Institut fiir Physik kom-
plexer Systeme, Nothnitzer Strafe 38, 01187 Dresden, Germany

Particle-antiparticle production in the presence of a static classical
electric field, known as the Schwinger mechanism, represents a central
physical phenomenon in gauge theories. How the particle production
is affected in the quantum limit, where the backaction onto the electric
field becomes essential, remains a major challenge. In this work, we
study particle-antiparticle production in the quantum quench dynam-
ics after a strong coupling of the bare particles to dynamical gauge
field in a quantum link model. We find that for a strong coupling
the system experiences dynamical quantum phase transitions (DQPTs)
where the vacuum persistence probability (Loschmidt echo) develops
non-analytic behavior at critical times. As opposed to the Schwinger
mechanism, where matter fields are suddenly coupled to a classical
electric field, we observe that the dynamics of the vacuum persistence
probability and therefore the DQPTs cannot be understood using the
classical picture of particle production. Instead, a quantum dynamical
pattern emerges from the strongly coupled matter fields and dynami-
cal gauge fields. We discuss how these findings can be experimentally
observed in quantum simulators such as trapped ions.

TT 12.9 Mon 12:15 EB 107
Critical quench dynamics of random quantum spin chains
— oGERGO Roosz!?, Yu-Cueng Lin3, and Ferenc IcLor? —
ITechnische Universitéit Dresden — 2MTA Wigner RCP, Hungary —
3Graduate Institute of Applied Physics, National Chengchi University,
Taipei, Taiwan
By means of free fermionic techniques combined with multiple precision
arithmetic we study the time evolution of the average magnetization,
m(t), of the random transverse-field Ising chain after global quenches.
We observe different relaxation behaviors for quenches starting from
different initial states to the critical point. Starting from a fully or-
dered initial state, the relaxation is logarithmically slow described by
m(t) ~ In® ¢, and in a finite sample of length L the average magnetiza-
tion saturates at a size-dependent plateau i, (L) ~ L~Y; here the two
exponents satisfy the relation b/a = ¢ = 1/2. Starting from a fully
disordered initial state, the magnetization saturates to an asymptotic
value mp(L) ~ L’b/, with ¥ ~ 1.5. For both quenching protocols,
finite-size scaling is satisfied in terms of the scaled variable Int/L¥.
Furthermore, the distribution of long-time limiting values of the mag-
netization shows that the typical and the average values scale differ-
ently and the average is governed by rare events. The non-equilibrium
dynamical behavior of the magnetization is explained through semi-
classical theory.
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TT 12.10 Mon 12:30 EB 107
Many-Body Localization in the Central Spin Model —
eHrTTERICH DANIEL!, YAO NoRMAN?, and TRAUZETTEL BJOrn!
— Mnstitut fiir Theoretische Physik, Universitit Wiirzburg, D-97074
W\”urzburg, Germany — 2Department of Physics, University of Cal-
ifornia, Berkeley, California 94720, USA

The periodic Heisenberg chain model obeys signatures of many-body

localization (MBL) that persist the insertion of a central spin, which
interacts with all other spins of the periodic chain. To support this
statement, we present numerical results for the level repulsion of eigen-
values and for the growth of entanglement entropy of subsystems. We
discuss why under which conditions the central spin destroys the lo-
calized phase. Finally, we show that local observables that measure
the central spin only serve as a MBL detector.

TT 13: Graphene: Electronic Properties, Structure and Substrate Interaction | (joint session
O/TT)

Time: Monday 10:30-13:15

TT 13.1 Mon 10:30 MA 043
A Molecular Model System for 5-7 Defects in Graphene —
eBeNEDIKT P. KLEIN', MarRkUs Franke?, Craubpio K. Krucl,
STEFAN R. KacueL!, PuiL RoseENow!, Francois Posseik?, MAR-
TIN ScHMmID!, REINHARD J. MAURER?, RALF ToNNER!, CHRISTIAN
Kumpr?, and J. MicHAEL GoTTFRIED! — !Fachbereich Chemie,
Philipps-Universitit Marburg, Germany — 2Peter Griinberg Insti-
tut (PGI-3), Forschungszentrum Jiilich, Germany — 3Department of
Chemistry, University of Warwick, United Kingdom

The electronic and mechanical properties of graphene are strongly in-
fluenced by the presence of defects. One important type of defect is
the 5-7 motif with a 5-membered ring adjacent to a 7-membered ring.
Little is known about the interaction of 5-7 defects with an underlying
substrate. In this study, we have obtained insight into this interaction
by using molecular model systems. As a model for the 5-7 defects we
use azulene, which is a bicyclic aromatic compound with a 5- and a
7-membered ring, while naphthalene is used as a model for the regular
6-6 motif. We investigated both molecules on Cu(111) and Ag(111)
using PES, NEXAFS, TPD, scanning probe and NIXSW experiments.
To deepen the understanding of the occurring interactions between
molecule and surface, periodic DF'T calculations were performed. The
more localized frontier orbitals of azulene result in a much stronger and
more localized interaction with the Cu(111) surface. This leads to in-
terfacial charge transfer in the former LUMO and substantial in-plane
and out-of-plane deformations, as well as a much smaller adsorption
height.

TT 13.2 Mon 10:45 MA 043
The Effect of Carbon 1s Core Hole on the Polarization
Spectra of HOPG - theory and experiment — eDoOMINIK
Lecut!, CHRISTINE JansiNG?, HaNns-CHRISTOPH MERTINS?, AN-
prREAS GAUPPZ, PETER M. OPPENEER®, HEIKO TimmERs?, and Hup
WaHAB? — 1IT4Innovations Center, VSB-TU Ostrava, 17.listopadu
15, CZ 70833 Ostrava, Czech Republic — 2FH Mnster, Stegerwaldstr.
39, D-48565 Steinfurt, Germany — 3Dept. of Physics and Astronomy,
Box 530, S-751 21 Uppsala, Sweden — 4Univ. of New South Wales
Canberra, Australia

Our band structure calculations show a good agreement with exper-
imental polarization spectra [1] across the carbon 1s edge of highly
oriented pyrolytic graphite. The change of polarization characteristics
upon reflection of linearly polarized synchrotron radiation as the huge
rotation of polarization plane of up to 140° and the change to nearly
fully circularly polarized light can be resembled good, showing best
results for not full but partially core hole per excitation. The contri-
butions from the A and B site of HOPG are discussed as well as the
amount of electron removed from core state.

References: 1. C. Jansing et al, PRB 94, 045422 (2016).

This work was supported by Czech National Foundation grant
No. 17-27790S and Path to Exascale project No. CZ.02.1.01/0.0/0.0
/16 _013/0001791.

TT 13.3 Mon 11:00 MA 043
Giant magneto-photoelectric effect at a graphene edge —
oF'RIEDEMANN (QUEISSER, JENS SONNTAG, ANNIKA KURZMANN, MAR-
TIN GELLER, SASCHA LaANG, AXEL LorkEg, and RALF ScHUTZHOLD
— Fakultét fiir Physik, Universitdt Duisburg-Essen, Lotharstrasse 1,
47057 Duisburg, Germany

Graphene is a promising material for optical or infrared absorption,
as its pseudo-relativistic energy-momentum relation allows for a broad
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absorption bandwidth. In [1] we studied the charge separation at a
graphene edge via a strong magnetic field. Motivated by the proposed
mechanism, a surprisingly high magneto-photocurrent was measured
in suspended graphene [2|. The observed photo-responsitivity (100 in-
cident photons create up to 17 particle-hole pairs) strongly exceeds
the predicted value. A possible mechanism to explain the large ob-
served current is Auger-type scattering. The strong Coulomb interac-
tion, agraphene > QQED, together with the enlarged phase space at
the graphene edge lead to a large probability per unit time for the
secondary particle-hole pair creation. We discuss various aspects of
Auger-type scattering at the graphene edge.

References:

[1] F. Queisser and R. Schiitzhold Phys.
046601 (2013)

[2] J. Sonntag, A. Kurzmann, M. Geller, F. Queisser, A. Lorke, R.
Schiitzhold, New. J. Phys. 19 063028 (2017)

Rev.  Lett. 111

)

TT 13.4 Mon 11:15 MA 043
Synthesis of two-dimensional materials using liquid metal
catalysts: Instrument development for in situ studies —
e AMIRMEHDI SAEDI!, MARC DE VooGD?, ARTHUR SJARDIN?, GERT-
JAN VAN Baarre?, and IRENE Grootr! — lCatalysis and Surface
Chemistry, Leiden Institute of Chemistry, Leiden University, The
Netherlands — 2Leiden Probe Microscopy BV, Leiden, The Nether-
lands

Two-dimensional materials (2DMs), e.g. graphene, hold great promise
for future applications in many technological areas. The current state-
of-the-art synthesis method of these materials involves the dissociative
adsorption of gas-phase precursors on a solid catalyst. This process is
slow by nature, inefficient, and environmentally unfriendly. Using lig-
uid metal catalysts (LMCats) instead of solid ones bears the prospect
of a continuous production of 2DMs with unprecedented quality and
production speed. The aims of this multinational collaborative project
are to develop instrumentation capable of studying the ongoing chem-
ical reactions on a LMCat, in situ investigations on its catalytic ac-
tivity, and unraveling the growth mechanisms of 2DMs on surfaces of
LMCats. Gaining this knowledge would be the key toward establish-
ing the first efficient mass production method for 2DMs using this new
technology. (Visit http://lmcat.eu/ for more info)

TT 13.5 Mon 11:30 MA 043
Effects of bi-axial strain on heterostructure of hBN and
graphene — eFrancEsco DeLopovict!, Sivana BorTi2, and Gro-
vANNI ONiDA! — !Dipartimento di Fisica, Universita degli Studi di
Milano, Via Celoria 16, 20133 Milano, Italy — 2Institute of Condensed
Matter Theory and Optics Max-Wien-Platz 1 07743 Jena Germany

I will present a theoretical/computational study of the mechanical and
electric properties of an heterostructure consisting of graphene super-
imposed to hexagonal boron nitride (hBN) when external biaxial strain
is applied.

As a preliminary case, we consider a free-standing layer of hBN un-
der uniform biaxial strain: we predict new thermodinamically stable
configurations and analyze their mechanical properties, to understand
whether they could be accessible experimentally. In addition, we char-
acterize their electrical and optical properites, to detect the emergence
of radical changes in hBN properties.

Further on, we turn our attention to the effects of equi-biaxial strain
on the graphene-hBN heterostructure.

We use ab-initio crystal structure prediction, and more precisely
the fixed-volume minima hopping method to sample the configuration
space searching for new configurations. We use density functional tight
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binding methods to obtain energies and forces for structural prediction
and DFT to characterize the electric properties of the new phases.

TT 13.6 Mon 11:45 MA 043
Light-field-driven currents in graphene — eCHRISTIAN HEIDE,
Takuva HicucHi, KoNnraDp ULLMaNN, HEiko B. WEBER, and PETER
HomMmELHOFF — Department Physik, Friedrich-Alexander-Universitat
Erlangen-Niirnberg (FAU), 91058 Erlangen

Strong-field physics centres on controlling the motion of electrons by
virtue of an optical electric field with attosecond (107'® s) precision.
Graphene is an ideal playground for extending the scope of strong-field
phenomena to a conductor because of its excellent carrier mobility,
much weaker screening due to a low carrier concentration compared
with conventional metals and its ultrafast and broadband optical re-
sponse.

We will show that one can control the residual conducting current in
epitaxially grown graphene by tailoring the electric-field waveform of
few-cycle laser pulses, on attosecond timescales [1]. We interpret the
waveform-dependent conducting current by considering graphene as a
simple two-band system, interacting with an oscillating optical field of
an ultrashort laser pulse. We found a transition from the weak, pertur-
bative nonlinear response (photon-driven) to optical-field-driven, non-
perturbative electron dynamics, in which the influence of the intra-
band dynamics to the interband transition cannot be neglected. Inthis
strong-field regime, electrons exhibit quantum-mechanical interference
known as Landau-Zener-Stiickelberg interference.

[1] T. Higuchi, C. Heide, K. Ullmann, H. B. Weber, and P. Hommel-
hoff, Light-field-driven currents in graphene, Nature 550, 224 (2017).

TT 13.7 Mon 12:00 MA 043
Can the Coulomb interaction be added to the Dirac-Weyl
equation of graphene? — eFaBiaAN RosT and SAM SHALLCROSS
— Theoretische Festkorperphysik, Universitdt Erlangen-Niirnberg,
Staudtstr. 7B2, 91058 Erlangen, Germany

On the basis of an exact operator equivalence between a lattice tight
binding model and a continuum description H(r,p) [1], we address
the question of the required form the interaction potential Ve (r, r')
should take in the continuum description in order to maintain opera-
tor equivalence with the tight-binding Hamiltonian in the presence of
an interaction potential V(r,r’). To lowest order we find the natural
answer: that Veys(r,r’) = V(r,r’) but also that this is sufficient only
in the case that V(r,r’) does not change on the scale of the lattice
constant. Taking the example of graphene we derive the corrections to
the lowest order result for the case of the Coulomb interaction.
[1] N. Ray et al., arXiv preprint arXiv:1607.00920, 2016

TT 13.8 Mon 12:15 MA 043
Optical deformations in graphene — eREenA Gupta and
SaM SHALLCROSs — Theoretische Festkorperphysik, FAU Erlangen-
Niirnberg, Staudtstrasse 7/B2, 91058 Erlangen, Germany

Deformations in graphene slow on the scale of the lattice constant
are, at lowest order, very well described by the addition of a pseudo-
magnetic gauge field to the Dirac-Weyl equation [1|. Here we explore
what happens when we consider slow deformations but of both pos-
sible modes that the two-atom unit cell allows, i.e., optical as well as
acoustic modes. While the acoustic mode simply reproduces the well-
known pseudo-magnetic gauge field, the optical mode generates both
a chiral field as well as an imaginary magnetic gauge, with Hermitic-
ity of the Hamiltonian maintained by a position dependent velocity
correction. We comment on the relevance of these results to hybrid
metal/graphene systems which feature strong deformation.
[1] B. Amorim et al., Physics Reports 617, 1 (2016).

TT 13.9 Mon 12:30 MA 043
Moiré ordered current loops in the graphene twist bilayer
— eDowmINIK WECKBECKER and SAM SHALLCROSS — FAU Erlangen-
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Niirnberg, Institut fiir Theoretische Physik, Staudtstrasse 7/B2, 91058
Erlangen, Germany

Moiré lattices in layered two dimensional materials possess, in the pres-
ence of a magnetic field of 1-5 Tesla, comparable structural and mag-
netic length scales and, as a consequence, exhibit remarkable magnetic
field phenomena such as the recently observed Hofstadter butterfly
[1,2].

In this contribution, we present the results of our simulations on
twisted bilayer graphene nanoribbons, which were conducted using a
semi-empirical tight-binding method [3].

We report novel phenomena arising from this interplay of length
scales in the form of an ordered array of permanent current loops
throughout a moiré generated by twisting graphene layers [3,4]. Strik-
ingly, these current loops are found at significantly weaker fields than
those required to observe the Hofstadter butterfly, and such current
loops thus represent an additional low field imprint of the moiré lat-
tice on Landau physics, and an unusual situation in which the field
induced currents are found in the bulk of a material.

[1] D. R. Hofstadter, Phys. Rev. B 14, 2239 (1976)

[2] C. R. Dean et al. , Nature 497, 598-602 (2013)

[3] W. Landgraf et al., Phys. Rev. B. 87, 075433 (2013)

[4] manuscript in preparation

TT 13.10 Mon 12:45 MA 043
A novel delocalized phase in the small angle graphene twist
bilayer — eMaxiMmILIAN FLEISCHMANN, REENA GupTA, DOMINIK
WECKBECKER, and SAM SHALLCROSS — Theoretische Festkorper-
physik, FAU Erlangen-Niirnberg, Staudtstrasse 7/B2, 91058 Erlangen,
Germany

In this work we demonstrate that the small angle limit of the graphene
twist bilayer contains, in addition to its well known localized phase [1],
a novel delocalized phase accessible by applied interlayer bias. This
phase differs profoundly from the large angle delocalized phase as, in
contrast to the almost perfectly circular Fermi surface found at large
angles, one finds almost perfectly linear Fermi lines. These may be
translated into each other by a so-called nesting vector, the magni-
tude of which is controllable by the applied field. The finding of a
phase in the twist bilayer consisting solely of one dimensional Fermi
lines connected by field tunable nesting vectors, marks this system out
as an unexpected playground for the study of nested Fermiology and
electronic instabilities.

[1] D. Weckbecker et al., Phys. Rev. B 93, 035452, 2016.

TT 13.11 Mon 13:00 MA 043
Electronic and geometric structure of PTCDA films
adsorbed on Graphene passivated Ni(111) — eDoMINIK
JuNGkeNN!, Jonannes SEeipEL!, Frorian Haac!:2, Lean L.
KeLLy!, Mirko CINCHETTI?, BENJAMIN STADTMULLERY'2, and MAR-
TIN AESCHLIMANN! — 1Department of Physics and Research Cen-
ter OPTIMAS, Erwin-Schréodinger-Str 46, 67663 Kaiserslautern —
2Graduate School of Excellence Materials Science in Mainz, Er-
win Schroedinger Strafie 46, 67663 Kaiserslautern — 3Experimentelle
Physik VI, Technische Universitdt Dortmund, 44221 Dortmund

Organic molecules are highly intriguing materials for spintronics due
to their wide range of functionalities. However, to take full advantage
of these functionalities, ferromagnetic surfaces have to be passivated ,
either by an organic buffer layer or by an inert 2D material [1]. Along
these lines, we have investigated the geometric and electronic struc-
ture as well as the hot electron dynamics of a PTCDA monolayer on
a Graphene (Gr) passivated Ni(111) surface. We find the formation of
long-range ordered PTCDA monolayer films on Gr/Ni(111) resembling
the herringbone structure of PTCDA/Ag(111). The frontier molecu-
lar states reveal the orbital emission pattern of unperturbed PTCDA
molecules suggesting, as expected, a weak coupling of the molecular
layer to the Graphene sheet. [1] Cinchetti et al. Nat. Mater. 16, 507
(2017)



Berlin 2018 — TT

Monday

TT 14: Frontiers of Electronic-Structure Theory: Correlated Electron Materials | (joint session
O/MM/DS/TT/CPP)

Exploring, understanding, and describing materials with strong electronic Coulomb correlations remain
among the big challenges of modern condensed matter physics. Correlated materials are characterized
by an extreme sensitivity to external probes such as pressure or temperature, and slight changes in
composition, constraints during the growth process (e.g. by heterostructuring) or off-stoechiometries
can significantly alter their properties. While the invited lectures will have a focus on correlated electron
materials, the symposium will cover the general field of computational materials science and electronic-

structure theory.

Organizers: Silke Biermann, Ecole Polytechnique, Palaiseau cedex, France; Paul R. Kent, Oak Ridge
National Laboratory, USA; Matthias Scheffler, Fritz-Haber-Institut der Max-Planck-Gesellschaft, Berlin

Time: Monday 10:30-13:00

TT 14.1 Mon 10:30 HL 001
How Derivative Discontinuities in the Energy Yield In-
teratomic Steps in the Exact Kohn-Sham Potential of
Density-Functional Theory — eEL1 KraISLER!, MaTTHEW J. P.
Hobason!, AxeL ScuiLb?, and EBErHARD K. U. Gross!3 — 'Max-
Planck-Institut fiir Mikrostrukturphysik, Halle (Saale), Germany —
2Laboratorium fiir Physikalische Chemie, ETH Ziirich, Switzerland —
3Fritz Haber Center for Molecular Dynamics, Institute of Chemistry,
The Hebrew University of Jerusalem, Israel

Accurate density-functional calculations hinge on reliable approxima-
tions to the unknown exchange-correlation (xc) potential. The most
popular approximations usually lack features of the exact xc potential
that are important for an accurate prediction of the fundamental gap
and the distribution of charge in complex systems. Two principal fea-
tures in this regard are the spatially uniform shift in the potential, as
the number of electrons infinitesimally surpasses an integer, and the
spatial steps that form, e.g., between the atoms of stretched molecules.
Although both aforementioned concepts are well-known, the exact rela-
tionship between them remained unclear. In this talk, we establish this
relationship and introduce a new concept: the charge-transfer deriva-
tive discontinuity, ACT. By numerically solving the many-electron
Schrédinger equation, we extract the exact Kohn-Sham potential and
directly observe its features, particularly the spatial interatomic steps.
For the first time, spatial steps in the exact xc potential of a full
configuration-interaction (FCI) calculation of a molecule are presented
in three dimensions.

TT 14.2 Mon 10:45 HL 001
Steps in the exact Kohn-Sham potential of ensemble density-
functional theory for excited states and their relation to
the derivative discontinuity — eMarTuew J. P. Hobason!, EL
KRrAISLER!, MicHAEL T. EnTwisTLEZ, AXEL ScHILD?, and EBER-
HARD K. U. Grossb* — IMPI fiir Mikrostrukturphysik, D-06120
Halle, Germany — 2Dep. of Physics, Uni. of York, Heslington, YO10
5DD, UK — S3Lab. fiir Physikalische Chemie, ETH Ziirich, 8093,
Switzerland — “Fritz Haber Center for Molecular Dynamics, The He-
brew University of Jerusalem, 91904, Israel

An accurate approximation to the exchange-correlation (xc) part of
the Kohn-Sham (KS) potential is essential for any density-functional
calculation. Understanding the behaviour of the exact xc potential
and developing improved approximations to it are crucial. The fo-
cus of calculations within density functional theory is usually on the
ground state. However, knowledge of how the system responds to an
excitation is important. In this talk we present the exact KS potential
of an ensemble of the ground state and the first excited state of a 1D
diatomic molecule. For this system, upon excitation, a small amount
of charge transfers from one atom to the other. In the correspond-
ing exact ensemble xc potential we find two plateaus: one that forms
around the nucleus of the acceptor atom, associated with the deriva-
tive discontinuity of that atom, and another that forms around the
donor atom and corresponds to a new phenomenon which we term the
‘charge-transfer derivative discontinuity’.

TT 14.3 Mon 11:00 HL 001
Koopmans-compliant functionals: A reliable and efficient
tool for the prediction of spectroscopic quantities — eNicoLa
CoLonNAl, Ncoc Lina Neuyen!, ANDREA FERRETTI?, and NicoLA
Marzari! — ITHEOS and MARVEL, EPFL, Lausanne, Switzerland
— 2Centro S3, CNR-Istituto Nanoscienze, Modena, Italy
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Commonly used approximate density functionals produce total ener-
gies that do not exhibit the expected piecewise-linear behavior as a
function of the particle number, leading to a discrepancy between to-
tal and partial electron removal/addition energies and poor predictive
capabilities of ionization potentials. Koopmans-compliant function-
als enforce a generalized criterion of piecewise linearity in the energy
of any approximate density functional with respect to the partial re-
moval/addition of an electron - i.e., with respect to charged excitations
- from/to any orbital of the system. When used to purify approximate
density functionals, Koopmans’ corrections lead to orbital-density de-
pendent functionals and potentials that are able to deliver accurate
spectroscopic properties. As an example, ionization potentials of a
large set of molecules (the GW100 test set), photoemission spectra
of organic donors and acceptors and band gaps of 35 semiconductors
and insulators are presented, showing very good agreement with ex-
periment or higher-order theories. Being this a functional framework,
the straightforward advantages are that forces and other derivatives are
also readily accessible, that the computational costs are much reduced,
and the numerical parameters are those typical of DFT calculations.

TT 14.4 Mon 11:15 HL 001
Selfconsitent density embedding - a new class of functionals
for DFT — eULiaNA MorpovINAl, TEREsA E. REINHARD!, HEIKO
AppEL!, and AnceL Rusio!:23 — 1Max Planck Institute for the
Structure and Dynamics of Matter, Hamburg, Germany — 2Center for
Computational Quantum Physics (CCQ), The Flatiron Institute, 162
Fifth Avenue, New York NY 10010, USA — 3Nano-bio Spectroscopy
Group and ETSF, Departamento de Fisica de Materiales, Universidad
del Pais Vasco UPV/EHU, San Sebastian, Spain

We propose a new technique to find functionals for density func-
tional theory (DFT) in an ab-initio fashion. This technique origins in
the recently developed density-matrix embedding theory (DMET) [1].
DMET is a quantum-in-quantum embedding method, which is based
on finding a projection between the high-dimensional wave function of
the full system and a lower-dimensional wavefunction living in the ac-
tive space of the embedded system, which is then solved exactly. In the
original DMET scope, the projection is improved via optimization of
the reduced one-body density matrix. We replace this optimization by
a density inversion, exploiting the one-to-one mapping between elec-
tronic density and Kohn-Sham potential.

The proposed density-embedding scheme serves as functional in
DFT, which, unlike in usual DFT, can be systematically improved
by increasing the size of the active space.

We show convergence toward exact results for 1D systems as well as
results for 2D systems.

[1] G. Knizia, G. K.-L Chan, Phys. Rev. Lett 109, 186404, (2012)

TT 14.5 Mon 11:30 HL 001
Pressure dependence of the effective screened Coulomb in-
teractions in transition metal monoxides — eSwarur Ku-
MAR Panpal, Honc Jianc2, and SiLke Biermannb3 — 1Centre
de Physique Théorique, Ecole Polytechnique, France — 2College of
Chemistry and Molecular Engineering, Peking University, China —
3Collége de France, Paris, France

In transition metal compounds, the magnitudes of the effective
Coulomb interaction parameters (Hubbard U) and their pressure de-
pendence are of utmost importance in any realistic many-body simu-
lations for describing their pressure driven insulator-metal transition.
One of the powerful methods for calculating the Hubbard U from first
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principles is based on linear response theory within the constrained
random-phase approximation (cRPA) [1], which provides the full U
matrix including off-site elements and its frequency dependence. In
this presentation, we apply this method (in its implementation into
the Wien2k code [2]) to the transition metal monoxides (FeO, CoO,
NiO, and CuO) [3]. Although the pressure induced changes in the bare
Coulomb interactions are negligible, the effective screened U grows
monotonically with increasing pressure for all of the above monoxides.
Finally, I will argue that neither the pressure dependence nor the fre-
quency dependence of U should be ignored in a reliable theoretical
description of correlated oxides.

References: [1| Aryasetiawan et al., PRB 70, 195104 (2004) [2]
Vaugier et al., PRB 86, 165105 (2012) 3] Panda et al., PRB 96, 045137
(2017)

TT 14.6 Mon 11:45 HL 001
Self-Interaction Corrected SCAN for Molecules: All-Electron
Implementation with Numerical Atom-Centered Basis Func-
tions — eSHENG B, Icor YING ZHANG, and MATTHIAS SCHEFFLER
— Fritz-Haber-Institut der Max-Planck-Gesellschaft, Berlin

The self-interaction error (SIE) is a well-known problem in all semilo-
cal density-functional approximations (DFAs), including the recently
proposed "strongly constrained and appropriately normed" (SCAN)
functional [1]. The so-called self-consistent Fermi-orbital SIC (FSIC)
algorithm proposed by Pederson et al. [2] shows promising poten-
tial to eliminate the self-interaction error in semilocal approximations,
which has been demonstrated for the local-spin-density approximation
(LSDA) in a study of molecules.

We present an all-electron implementation of the self-consistent
FSIC approach on the SCAN method [1]. Beside a systematic bench-
mark with respect to a selected molecular test set, we examine the
performance of FSIC-SCAN in predicting the geometry of Pentacene,
which is a well-documented challenge for standard semilocal DFAs [3].
Finally, we briefly discuss our ongoing work concerned with the imple-
mentation of the all-electron FSIC-SCAN approach for solids.

[1] J. Sun, A. Ruzsinszky, and J. P. Perdew, Phys. Rev. Lett. 115,
036402 (2015).

[2] M. R. Pederson and T. Baruah, Advances In Atomic, Molecular,
and Optical Physics 64, 153 (2015).

[3] M. R. Pederson, T. Baruah, D. you Kao, and L. Basurto, The
Journal of Chemical Physics 144, 164117 (2016).

TT 14.7 Mon 12:00 HL 001
Progress in Fermi-L6éwdin orbital self-interaction correction
to DFT — eTorsTEN Haun!, SEBASTIAN ScHwALBE!, SIiMON
LieBiNng!, Mark PEpErson?, and JENs Korrus! — !TU Freiberg,
Institute for Theoretical Physics, Germany — 2Johns Hopkins Univer-

sity, Department of Chemistry, USA

The accuracy of density functional theory (DFT) calculations is lim-
ited by the so called self-interaction error [1]. The recently proposed
Fermi-Léwdin orbital based method [2,3,4] for self-interaction correc-
tion (FLO-SIC) is a unitary invariant and size extensive approach
to overcome this error. We present the current state of the method
and discuss the performance of FLO-SIC DFT applied to atoms and
molecules in combination with different exchange-correlation function-
als. In addition, this method delivers a description of the chemical
bonding as intuitive as Lewis theory that may bridge the gap between
DFT and chemical intuition.

[1] J. P. Perdew, A. Zunger, Phys. Rev. B 23, 5048 (1981)

[2] M. R. Pederson et al., J. Chem. Phys., vol. 140, 121103 (2014)

[3] M. R. Pederson, J. Chem. Phys., vol. 142, 064112 (2015)

[4] T. Hahn et. al., J. Chem. Phys., vol- 143, 224104 (2015)

TT 14.8 Mon 12:15 HL 001
First-principles modeling of mixed-valence compounds from
extended Hubbard-corrected functionals — eMarTEO COCOC-
cioNI and NicoLa MARzARI — Theory and Simulations of Materials
and MARVEL, EPFL, Lausanne, Switzerland

Modeling the electronic properties of mixed valence compounds is cen-
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tral to developing many materials of technological relevance. Unfortu-
nately, most approximate implementations of density functional theory
(DFT) fail in capturing the localization of valence electrons on low dis-
persion states (e.g., of d or f kind) and mis-represent many properties
of these systems. Quantitatively predictive first-principles calculations
thus require, for these systems, the use of corrective functionals able to
improve the description of electronic localization. Using the results of
a recent study on materials for cathodes of Li-ion batteries this work
shows how an extended Hubbard correction to DFT functionals, in-
cluding on-site (U) and inter-site (V) interactions (named DFT+U+V)
improves considerably on simpler approximations for electronic, mag-
netic and structural properties and correctly describes localized states
even in presence of significant inter-site hybridization. The work also
demonstrates that evaluating the effective interaction parameters (U
and V) consistently with the electronic and crystal structures, and
treating them as material-specific quantities, improves the prediction
of thermodynamic quantities and of average voltages. Finally, a novel
method to compute these interactions from density-functional pertur-
bation theory is shown to guarantee unprecedented efficiency, accuracy
and convergence control.

TT 14.9 Mon 12:30 HL 001
A Kohn-Sham type construction on a lattice with the ex-
act kinetic energy density — eIris TuropPHILOU!, MICHAEL
RUGGENTHALER!, FLoRIAN BucuHOLZ!, FLORIAN EicH!, and ANGEL
Rusio!? — Max Planck Institute for the Structure and Dynamics
of Matter, Hamburg, Germany — 2Nano-bio Spectroscopy Group and
ETSF, Departamento de Fisica de Materiales, Universidad del Pais
Vasco UPV/EHU, San Sebastian, Spain

In this presentation we explore a possible formulation of ground state
Density Functional Theory by introducing the kinetic energy density
as basic quantity in addition to the density. We presently restrict
this formulation to the lattice case, and show that for a few site Hub-
bard interacting model it is numerically feasible to find an equivalent
non-interacting system that yields the same density and kinetic en-
ergy density. By finding such a non-interacting system we mean here
finding the local/on site potential and the non-local site dependent
hopping that will give the target density and kinetic energy density.
Our hope is that by including the kinetic energy density we will fa-
cilitate the functional construction and also put into grounds already
existing approximations based on this quantity.

TT 14.10 Mon 12:45 HL 001
Small-Polaron Formation in Polymorphs of Ga;0O3 and TiO2
— @SEBASTIAN KoOKOTT, SERGEY V. LEVCHENKO, and MATTHIAS
ScHEFFLER — Fritz-Haber-Institut der MPG, Berlin 14195, Germany

Transparent oxides are key materials for new devices in photovoltaics
and electronics. Omne important factor influencing the behavior of
charge carriers in these materials is the interaction with polar phonon
modes. We focus on materials with strong electron-phonon coupling,
where small polarons are formed. Although, density-functional the-
ory (DFT) is often used for calculating polaron properties, there are
two challenges: Sensitivity of the calculated properties to the errors
in exchange-correlation treatment, and finite-size effects in supercell
calculations. We have developed an approach [1| to address these is-
sues. The polaron properties are obtained using a modified neutral
potential-energy surface from DFT [2]. Based on Pekar’s model [3],
we correct for the proper elastic long-range behavior of the polaron in
a supercell. With this approach, the influence of the crystal structure
on the polaron properties is investigated for rutile and anatase TiOg,
and for the monoclinic S— and orthorhombic e-GagOs. We find that
in rutile TiO2 only small electron polarons are stable, while only small
hole polarons are found in anatase. On the contrary, small hole po-
larons exist in both GagO3 polymorphs but have significantly different
binding energies.

[1] S. Kokott, arXiv:1710.03722 (2017)

[2] B. Sadigh et al., Phys. Rev. B 92, 75202 (2015)

[3] S. I. Pekar, Zh. Eksp. Teor. Fiz. 16 335 (1946)
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TT 15: Dual-Method Approaches to Quantum Many-Body Systems |

To make an impact on possible applications, theoretical approaches for correlated many-body systems
must allow for studying more realistic models and lead to more accurate predictions as compared to
what is achievable nowadays. This requires, on the one hand, the development of specialized tools which
are mathematically and/or algorithmically demanding. On the other hand, an emergent promising
approach to make significant progress beyond toy-model understanding of many-body physics is the
combined use of two or more complementary methods. The demand for such type of approaches is
growing. The two session of contributed talks will provide an overview of recent successes in such dual-
(multi-)method approaches involving analytical as well as numerical tools, and will indicate prospects

for future directions.

Compilation: Volker Meden, RWTH Aachen; Stefan Wessel, RWTH Aachen

Time: Monday 15:00-18:45

TT 15.1 Mon 15:00 H 0104
Combining diagrammatic Monte-Carlo with large-N field the-
ory — ¢GUNNAR MOLLER — School of Physical Sciences, University
of Kent, Canterbury, UK

We explore a new avenue for quantitative investigations of strongly
interacting systems by combining large-N fermionic theories with
stochastic sampling of high order Feynman graphs.

Our work focuses on the unitary Fermi gas as a blueprint example
for a strongly interacting system of fermions without a small expan-
sion parameter in the Hamiltonian. The unitary Fermi gas is realised
experimentally in cold atomic gases of two-species fermions interacting
via a Feshbach resonance [1]. Previous work has established a diagram-
matic Monte-Carlo (diagMC) approach [2]| but it has left uncertainties
about the convergence properties of the interaction expansion [3,4].
Here, we re-examine the problem by introducing a small parameter
via a large-N generalisation [5,6], to which we then apply diagMC.
Formally, this yields an expansion around the mean-field supercon-
ducting theory, whose properties are recovered in the N — oo limit.
We benchmark the approach by examining density distributions and
the contact parameter against prior approaches.

[1] W. Zwerger, Springer (2012).

[2] Van Houcke, K. et al., Nat Phys 8, 366 (2012); and arXiv:1305.3901
(2013).

[3] Kozik, E., Ferrero & Georges, PRL 114, 156402 (2015)

[4] Rossi, R., Werner, F., Prokof’ev, N. V. & Svistunov, B., Phys. Rev.
B 93, 161102 (2016).

[5] Veillette, M. Y., Sheehy, D. E. & Radzihovsky, L. Phys. Rev. A
75, 043614 (2007).

[6] Nikoli¢, P. & Sachdev, S. Phys. Rev. A 75, 033608 (2007).

TT 15.2 Mon 15:15 H 0104
Parquet equations for the 2D Hubbard model using chan-
nel decomposition — eCHRISTIAN EckHARDT!, GIuLIO SCHOBER!,
and CARsTEN HoNERkAMP!:2 — lInstitute for Theoretical Solid State
Physics, RWTH Aachen University, Aachen, Germany — 2JARA-FIT,
Jiilich Aachen Research Alliance - Fundamentals of Future Information

Technology, Germany

The parquet equations are a set of self consistent equations for the ef-
fective interaction vertex of an interacting many-fermion system. The
application of the parquet equations in bulk models is, however, com-
plicated by the complex emergent momentum and frequency structure
of the vertex. Here we show how techniques for the treatment of the
momentum dependence, that were developed in the context of the func-
tional renormalization group, can be applied to the parquet equations.
We present solutions using this technique for the half-filled Hubbard
model on the square lattice and discuss ways to include the frequency
dependence of the vertices.

TT 15.3 Mon 15:30 H 0104
New approach towards conceptual and numerical extensions
of cluster dynamical mean-field theory — eMarceL KLETT,
SABINE ANDERGASSEN, and PHILIPP HANSMANN — Institut fiir Theo-
retische Physik, Universitdt Tiibingen, 72076 Tiibingen

The dynamical mean-field theory (DMFT) provides the exact solution
of a quantum many-body Hamiltonian in the limit of infinite spatial di-
mensions. The accurate (and non-perturbative) description of all local
correlations allows to describe the Mott-Hubbard metal-to-insulator
transition in three-dimensional bulk systems. At the same time, the
mean-field nature with respect to the spatial degrees of freedom implies
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that all non-local spatial correlation effects are neglected in DMFT.
These can be included in cluster extensions which have been intro-
duced both in real and momentum space [1,2]. Here we propose an
idea to improve upon typical re-periodization problems of real space
cluster DMFT and discuss the transformation of the Hubbard model
between lattice orbital and so-called ligand orbital basis sets.

[1] Parcollet et al., Phys. Rev. Lett 92, 226402 (2004)

[2] Kotliar et al., Phys. Rev. Lett 101, 186403 (2008)

TT 15.4 Mon 15:45 H 0104
Functional RG investigation of the antiferromagnetic phase
diagram of the three dimensional Hubbard model — eJANNIs
EnrLicHY 2, CARrRsTEN HoONERKAMPZ, and STEFAN BLOUGEL! —
IPeter Griinberg Institut and Institute for Advanced Simulation,
Forschungszentrum Jiilich and JARA, 52425 Jiilich, Germany —
2Institut fiir Theoretische Festkdrperphysik, RWTH Aachen, Otto-
Blumenthal-Strafte, 52074 Aachen, Germany

The phase diagram of the three dimensional Hubbard model shows
a phase transition to an antiferromagnetic ground state for repulsive
interactions. While the Néel temperature can be obtained by Hartree
Fock and the Heisenberg model for the limit of weak and strong inter-
actions respectively, the intermediate range of interactions is subject
of recent investigations.

We use the recently developed truncated unity functional renormal-
ization group (TUfRG) approach, which has been used successfully to
study the phase diagram of the extended 2D Hubbard model. This
approach enables us to study this model on a fine momentum grid in
an unbiased form, i.e. including the particle-particle and both particle-
hole channels. We compare the resulting Néel temperature curve to
those from previous studies using DI'A, DCA, QMC and dual fermion
approaches.

TT 15.5 Mon 16:00 H 0104
A nonequilibrium DMFT+HFLEX formalism for dynam-
ics of d-wave superconductivity 1

®SHARAREH SAYYAD-,
NaoTo Tsusi?, ABoLHASSAN VAEzI®, Massimo CapoNe®® MARTIN
EcksTEIN®, and HipEO Aok1”89 — lInstitute for Solid State Physics,
University of Tokyo, Kashiwanoha, Kashiwa, Chiba 277-8581, Japan
— 2RIKEN Center for Emergent Matter Science (CEMS), Wako, 351-
0198, Japan — S3Department of Physics, Stanford University, Stan-
ford, CA 94305, USA — “International School for Advanced Studies
(SISSA), Via Bonomea 265, 1-34136 Trieste, Italy — >CNR-IOM Dem-
ocritos, Via Bonomea 265, 1-34136 Trieste, Italy — SDepartment of
Physics, University of Erlangen-Niirnberg, 91058 Erlangen, Germany
— "Department of Physics, ETH Ziirich, 8093 Ziirich, Switzerland
— 8National Institute of Advanced Industrial Science and Technol-
ogy (AIST), Tsukuba, 305-8568, Japan — 9Department of Physics,
University of Tokyo, Tokyo 113-0033,Japan

For studying nonequilibrium dynamics of d-wave superconductors, we
have constructed a nonequilibrium DMFT+FLEX method with a novel
full-SU(2) slave-boson impurity-solver. An advantage of the method
is that it can treat multiple phases on an equal footing for the Hub-
bard model on bipartite lattices. With the method, we expect to deal
with the competition between antiferromagnetic and superconducting
phases and to shed some light on the pseudogap physics with a slave-
particle decomposition.

TT 15.6 Mon 16:15 H 0104

Lattice susceptibility calculations via a generalized CT-Hyb
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QMC DMFT solver — eJuLiaN MussHorrh2, AmiN Kiant!, and
Eva Pavarini!3 — 1Forschungszentrum Juelich GmbH, Institute for
Advanced Simulation, Juelich, Germany — 2RWTH Aachen Univer-
sity, Aachen, Germany — 3JARA-HPC, RWTH Aachen University,
Aachen, Germany

Linear-response functions are essential for comparing theory to experi-
ments, and yet for strongly correlated systems their calculation is very
challenging. The state-of-the-art technique for real materials is based
on the dynamical mean-field (DMFT) approach and the local-vertex
approximation. The bottleneck of this method is the calculation of
local susceptibilities. Here we present an efficient scheme based on
the massively-parallel general implementation of the continuous-time
quantum Monte Carlo impurity solver of Ref. [1]. We use both the
Legendre polynomial representation and a recently proposed numer-
ical basis [2], and compare efficiency. To calculate lattice suscepti-
bilities we solve the Bethe-Salpeter equation. We present results for
the static and dynamical response functions of representative systems:
Lag_,SrzCuOy4 and several orbitally ordered materials.

[1] A. Flesch, E. Gorelov, E. Koch, E. Pavarini, Phys. Rev. B 87,
(2013) 195141

[2] H. Shinaoka, J. Otsuki, M. Ohzeki, K. Yoshimi, Phys. Rev. B 96,
(2017) 035147

TT 15.7 Mon 16:30 H 0104
Effective models for correlated systems: effects of basis or-
thogonalization — eQiaN ZuaNG and Erik KocH — Institute for
Advanced Simulation, Forschungszentrum Jiilich, 52428 Jilich, Ger-
many

Setting up a many-body Hamiltonian requires choosing an orbital
basis. Starting from atomic orbitals we have to deal with the non-
orthogonality of the basis functions on different sites. We demonstrate
the effects arising from orthogonalization on the example of the Hub-
bard dimer. First we study the change in hopping matrix elements
with the bond length for the hydrogen molecule ion. Then we analyze
the change in Coulomb matrix elements for the hydrogen molecule.
In particular, we investigate how orthogonalization changes the on-
site interaction as well as the direct and the exchange contributions to
the long-range Coulomb terms. Finally, we discuss how the Coulomb
tensor transforms under general (i.e. non-unitary) basis changes.

15 min. break.

TT 15.8 Mon 17:00 H 0104

Non-equilibrium dynamics of correlated materials: pertur-
bation theory approach. — eVikTor VaLMISPILD!'2, EVGENY
GoreLOV3, NAGAMALLESWARA Dasari?, MaRTIN EcksTEIN?, and

ALEXANDER LicHTENSTEIN'2 — lInstitute of Theoretical Physics,

University of Hamburg, Jungiusstrasse 9, 20355 Hamburg, Germany —
2The Hamburg Centre for Ultrafast Imaging, Luruper Chaussee 149,
22761 Hamburg, Germany — 3European XFEL GmbH, Holzkoppel 4,
22869 Schenefeld, Germany — %Department of Physics, University of
Erlangen-Nurnberg, 91058 Erlangen, Germany

We study the single-band Hubbard model on a infnite-dimensional
and finite 2D square lattices in the presence of a large spatially uni-
form electric field. We study the model out of equilibrium using the
Keldysh formalism and perturbation theory in the Coulomb interaction
U. *Thus using time dependent dynamical mean-field theory and dif-
ferent impurity solvers: second order perturbation theory (SOPT) and
fluctuation exchange approximation (FLEX) we investigate the behav-
ior of the total energy of the system, double occupancy and spectral
function as a function of time, strength of an external electric field and
on-site Coulomb repulsion U.

TT 15.9 Mon 17:15 H 0104
Logarithmic corrections to the dynamical correlation func-
tions of one-dimensional fermion systems with impurities —
ePoLiNA MarveEEval, DoMmINIK STRAsSEL!2, SEBASTIAN EcGERT!,
and IMKE ScHNEIDER! — !Department of Physics and Research Cen-
ter OPTIMAS, University of Kaiserslautern — 2Competence Center
for High Performance Computing, Fraunhofer ITWM, 67663 Kaiser-
slautern, Germany

Dynamical correlation functions are central objects in neutron scat-
tering and photoemission spectroscopy experiments. They provide
us with important information about the interactions and the spec-
trum of elementary excitations in strongly correlated systems. In one-
dimensional gapless systems the correlation functions decay like power
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laws, with multiplicative logarithmic corrections from marginal oper-
ators. We study this corrections for general one-dimensional electron
systems and the Heisenberg spin chain in the presence of impurities
using bosonization. We obtain different multiplicative logarithmic cor-
rections for the correlation functions in the boundary and bulk limits.
Our results are supplemented by numerical Quantum Monte Carlo
data. Finally, we discuss implications on the local density of states in
the 1D-Hubbard model where previous numerical results revealed un-
expectedly strong finite size corrections due to the marginal operator
in the spin channel.

TT 15.10 Mon 17:30 H 0104
The dynamic structure factor in impurity-doped spin chains
— oKEVIN JAGERING!, ANNABELLE BOHRDT?, SEBASTIAN EGGERT!,
and IMKE ScHNEIDER! — !Department of Physics and Research Cen-
ter OPTIMAS, University of Kaiserslautern — 2Department of physics
and Institute for Advanced Study, Technische Universitat Miinchen,

85748 Garching, Germany

The effects of impurities in spin-1/2 Heisenberg chains are recently ex-
periencing a renewed interest due to experimental realizations in solid
state systems and ultra-cold gases. The impurities effectively cut the
chains into finite segments with a discrete spectrum and characteris-
tic correlations, which have a distinct effect on the dynamic structure
factor. Using bosonization and the numerical Density Matrix Renor-
malization Group we provide detailed quantitative predictions for the
momentum and energy resolved structure factor in doped systems.
Due to the impurities, spectral weight is shifted away from the anti-
ferromagnetic wave-vector k = 7 into regions which normally have no
spectral weight in the thermodynamic limit. The effect can be quan-
titatively described in terms of scaling functions, which are derived
from a recurrence relation based on bosonization. We present length-
averaged and kintegrated results in terms of the doping concentration.

TT 15.11 Mon 17:45 H 0104
Influence of phonon-assisted tunneling on the thermoelec-
tric transport through molecular quantum dots — e ANDISHEH
Kuepri'»2, Tueo CosTi?, and VoLKER MEDEN! — !nstitut fiir The-
orie der Statistischen Physik, RWTH Aachen University and JARA-
Fundamentals of Future Information Technology, 52056 Aachen, Ger-
many — 2Peter Griinberg Institut and Institute for Advanced Simu-
lation, Research Center Jiilich, 52425 Jiilich, Germany

We investigate the effect of vibrational degrees of freedom on the ther-
moelectric transport through a single level quantum dot described by
the spinless Anderson-Holstein impurity model. To study the effects of
strong electron-phonon coupling in the linear response regime, we use
the nonperturbative numerical renormalization group approach. We
also compare our results, at weak to intermediate coupling, with those
obtained by employing the functional renormalization group method,
finding good agreement in this parameter regime. When applying a
gate voltage at finite temperatures, the inelastic scattering processes,
induced by phonon-assisted tunneling, result in an interesting interplay
between electrical and thermal transport. We explore different param-
eter regimes and identify situations for which the thermoelectric power
as well as the dimensionless figure of merit are significantly enhanced.
By applying the functional renormalization group on the Keldysh con-
tour, we further study the nonlinear thermoelectric transport in sce-
narios, in which the vibrating molecule is coupled to reservoirs held at
different temperatures and chemical potentials.

TT 15.12 Mon 18:00 H 0104
Functional Renormalization Group Approach to Transport
through a Kondo Quantum Dot — eJaN DIEKMANN and SEV-
ERIN G. JakoBs — Institute for Theory of Statistical Physics, RWTH
Aachen University, 52056 Aachen, Germany

We study nonequilibrium properties of the Kondo model. For this
we use the 1PI functional renormalization group (fRG), and work in
Keldysh formalism. We choose a drone-fermion representation for the
impurity spin.

As a first step we reproduce the leading logarithmic approximation
in the weak-coupling regime (T' > Tx) known as Poor Man’s Scal-
ing (PMS), which is an equilibrium result. Within fRG the employed
approximation scheme emerges in a very natural way, and a clear in-
terpretation of the flowing quantities is given as amplitudes of the
renormalized 1PI vertex functions.

We devise a more sophisticated fRG approximation scheme as a di-
rect extension of the one used to reproduce the PMS result. In partic-
ular we take frequency dependence and the self energy of the spin back
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into account. With this we seek to describe the nonequilibrium case
and to check whether the approach is suitable to describe the crossover
to the strong-coupling regime.

A long term goal is to investigate the relation between different RG
approaches to the nonequilibrium Kondo problem.

TT 15.13 Mon 18:15 H 0104
New hierarchical quantum master equation approach based
on an interaction expansion: A first implementation for an
Anderson impurity — eJakos BArGel2 and RaNer HARTLE!?2
— Mnstitut fiir theoretische Physik, Georg-August-Universitit Got-
tingen — 2Institute of Physics, University of Freiburg

The description of transport through open quantum systems is impor-
tant for the quantum information processing or molecular electronics.
Physical systems of interest are, for example, several coupled qubits
or the voltage profile along a molecule. As the amount of possible
states of quantum systems increases exponentially with the number of
degrees of freedom, the numerical effort for exact techniques typically
increases exponentially with system size. The exact treatment of large
systems might open the view on new physical effects. The numerically
exact hierarchical quantum master equation approach (HQME)[1-3|
is based on a systematically improvable hybridization expansion and
predicts the time-evolution of the quantum system. Due to its time-
local formulation stationary state properties can be studied. Here we
present an extension of the HQME, which includes an additional ex-
pansion in the many-body interaction. The new approach focuses on
the low-particle reduced density matrices and hence shows a power law
dependence on system size. The newly extended HQME is still a nu-
merically exact approach. A first implementation for the well studied

Anderson impurity model shows the usefulness of the new method.
[1] J. Jin et al., JCP 128, 234703 (2008)

[2] R. Hartle et al., PRB 88, 235426 (2013)

[3] R. Hartle et al., PRB 92, 085430 (2015)

TT 15.14 Mon 18:30 H 0104
Auxiliary master equation approach within stochastic wave
functions — eDELIA FUGGER, MAX SORANTIN, ANTONIUS DORDA,
WoLFGANG VON DER LINDEN, and ENrRICO ARRIGONI — Institute of
Theoretical and Computational Physics, Graz University of Technol-
ogy, Austria

The auxiliary master equation approach AMEA [1,2]| allows us to as-
sess the time evolution and, in particular, the steady state proper-
ties of quantum impurities and small molecules in as well as out of
equilibrium. It is based on a mapping of the physical system to an
auxiliary open quantum system, whose dynamics is determined by a
Lindblad master equation. In this talk I will present results obtained
from a scheme to address the resulting Lindblad equation based on the
stochastic evolution of the wave function [3-6]. A set of wave functions
sampling the density operator is propagated by piecewise deterministic
time evolutions, which are interrupted by stochastic jump processes [6].
This implementation aims at extending the capabilities of the AMEA
approach as well as making it more efficient.

[1] E. Arrigoni etal., PRL 110, 086403 (2013)

[2] A. Dorda etal., PRB 89, 165105 (2014) + PRB 92, 125145 (2015)
[3] J. Dalibard etal., PRL 68, 580 (1992)

[4] K. Mglmer etal., J. Opt. Soc. Am. B 10, 524 (1993)

[5] H.-P. Breuer etal., PRA 56, 2334 (1997)

[6] B. Kappler, PhD thesis, University of Freiburg (1998)

TT 16: Superconductivity: Properties and Electronic Structure Il

Time: Monday 15:00-17:30

TT 16.1 Mon 15:00 H 0110
Resistivity in the Vicinity of a Van Hove Singularity:
SroRuO4 Under Uniaxial Pressure — eMaRrRk E. BARBERDZ,
ALEXANDRA S. GiBBs?3, YosuiterRu Maeno?, ANDREw P.
Mackenzie!2, and CLirForD W. Hicks! — Max Planck Institute
for Chemical Physics of Solids, Dresden, Germany — 2Scottish Uni-
versities Physics Alliance (SUPA), University of St. Andrews, United
Kingdom — 3ISIS Facility, Rutherford Appleton Laboratory, United
Kingdom — 4Department of Physics, Kyoto University, Japan

SraRuO4 is an unconventional superconductor with a well charac-
terised Fermi liquid normal state. One of its three conduction bands
is known to be in close proximity to a Van Hove singularity. We have
previously shown that the application of uniaxial pressure causes T¢ to
pass through a strong peak at a uniaxial compression of 0.6 %, and at
which T, is more than double its value in the unstrained lattice. DFT
calculations provide strong evidence that this peak coincides with tun-
ing the Van Hove singularity to the Fermi level. Here, we present data
on the normal-state resistivity as SrgRuOy is tuned through this peak
and analyse the temperature dependence, which also appears to be con-
sistent with a Van Hove singularity. In particular, the low-temperature
resistivity also passes through a pronounced peak - arguably a surprise
because the singularity affects only small sections of one Fermi surface
- and at the peak its temperature dependence deviates strongly from
the Fermi liquid 72 dependence.

TT 16.2 Mon 15:15 H 0110
Muon spin relaxation studies of SroRuO,; under uniax-
ial pressure — eSHREENANDA GHosH!, RAJIB SARKAR!, VapiM
GRINENKO!, JEAN-CHRISTOPHE ORAIN?, HUBERTUS LUETKENS?,
JoonBuM Park?, CLirrorD Hicks?, and Hans-HenNING KLauss! —
nstitute of Solid State and Materials Physics, TU Dresden, D-01069
Dresden, Germany — 2Laboratory for Muon-Spin Spectroscopy, Paul
Scherrer Institute, CH-5232 Villigen, Switzerland — 3Max-Planck In-
stitute for Chemical Physics of Solids, 01187 Dresden, Germany

We present transverse field muon spin relaxation data on the uncon-
ventional superconductor SroRuO4 under uni axial pressure. Results
from previous uSR studies on unstressed SroRuOy4 indicate a sponta-
neous magnetization in the superconducting state [1], that has been
associated with a time reversal symmetry breaking order parameter,
pz £ipy. The superconducting T, of SroRuO4 has been shown ex-
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perimentally to be sensitive to uni axial pressure [2], so for more in-
formation about the complex superconducting order parameter, we
investigate pressurized SroRuO4 by puSR. For this purpose, we have
developed a dedicated device, which offers in situ uni axial strain tun-
ing via piezoelectric stacks.[5]

[1] G.M.Luke et al., Nature, 394, 558 (1998).

[2] J.R.Kirtley et al., Phys.Rev.B, 76, 014526 (2007).

[3] C.W.Hicks et al., Science, 344, 283 (2014)

[4] Steppke et al. Science 355,6321(2017)

[5] C.Hicks et al.accepted in Conference proceedings of uSR 2017

TT 16.3 Mon 15:30 H 0110
Heat Capacity Measurements of SroRuO4 Under Uni-
axial Stress — eYou-SuenG Li%2, ALeExaNDRA GiBas3, NAoOKI
Kikucawa®, DMiTRY Sokorov!, YosHITERU MAENO?, ANDREW P.
Mackenzie! 2, CLirForbp W. Hicks!, and MicHAEL Nickras' —
IMax Planck Institute for Chemical Physics of Solids, Dresden, Ger-
many — 2University of St. Andrews, School of Physics and Astronomy,
United Kingdom — 3Max Planck Institute for Solid State Research,
Stuttgart, Germany — *Department of Physics, Graduate School of
Science, Kyoto University, Kyoto, Japan — ®Research Center for Func-
tional Materials, National Institute for Materials Science, Tsukuba,
Ibaraki 305-0003, Japan

We present heat capacity measurements on the superconductor
SrogRuO4 under uniaxial stress. Under uniaxial stress, the degener-
acy of the components p, and py of the proposed superconducting or-
der parameter p, +ipy, should be lifted, resulting in two heat capacity
jumps. We have now measured four samples of varying quality, includ-
ing one where, thanks to high sample quality and careful mounting, the
transitions remain very sharp as strain is applied. In measurements up
to the peak in Tc (at 3.6 K and a compression of 0.6%), no splitting
is observed at any strain. We discuss whether this null result can still
be consistent with a hypothesis of p; + ip, superconductivity.

TT 16.4 Mon 15:45 H 0110
Mixed-pairing superconductivity in 5d Mott insulators with
antisymmetric exchange — MoHAMMAD-HOSSEIN ZARE!, MEHDI
BipERANG?, and @ ALIREZA AKBARI? — !Department of Physics, Qom
University of Technology, Qom, Iran — 2Asia Pacific Center for The-
oretical Physics, POSTECH, Pohang, Korea

Currently, remarkable attentions have been attracted to exotic physics
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driven by the interplay of the spin-orbit coupling and electronic cor-
relations. Particularly, in 5d transition metals, neither the spin-orbit
coupling nor the Coulomb interaction can merely lead to the insu-
lating behavior. We study the symmetry of the potential supercon-
ducting order parameter in 5d Mott insulators with an eye to hole
doped Sr2IrOy4. Using a mean-field method, a mixed singlet-triplet su-
perconductivity, d + p, is observed due to the antisymmetric exchange
originating from a quasi-spin-orbit-coupling. Our calculation of ribbon
geometry shows possible existence of the topologically protected edge
states, because of nodal structure of the superconducting gap. These
edge modes are spin polarized and emerge as zero-energy flat bands,
supporting symmetry protected Majorana state, verified by evaluation
of winding number and Zy topological invariant. At the end, a possible
experimental approach for observation of these edge states and deter-
mination of the superconducting gap symmetry are discussed based on
the quasi-particle interference (QPI) technique.

[1] Phys. Rev. B 96, 205156 (2017)

TT 16.5 Mon 16:00 H 0110
Vortex dynamics in driven Type-II Superconductor het-
erostructures — eBJORN NIEDZIELsKI and JAMAL BERAKDAR —
Martin-Luther Universitat Halle-Wittenberg, Halle, Germany

Superconductors exhibit a variety of intriguing phenomena in the pres-
ence of magnetic fields. For example, type-II Superconductors respond
to an external field by generating vortices of magnetic flux. Our aim is
to control the motion of these flux lines as well as to understand their
nature in confined geometries and in the proximity of ferromagnetic or
multiferroic order. Along this direction we will present simulations ob-
tained from solving the time-dependent Ginzburg-Landau-Equations
and discuss the behavior of the simulated systems. The role of mate-
rial parameters, external magnetic fields and currents will be discussed.
We will also show how the shape of the sample influences the dynamics
of the superconducting order parameter.

15 min. break.

TT 16.6 Mon 16:30 H 0110
Experimental test of an alternative electrodynamic theory
of superconductors by means of scanning tunnelling and
force microscopy — SunamIN Kiv!4 Jonannes Scuwenk!2) Ju-
LIAN BERWANGER?®, e ANGELO PERONIO®, STEVEN R. BLANKENSHIP!,
WiLLiam G. CurLen!, Younc Kuk?, Franz J. GiessiBL®, and
JosepH A. Strosciol! — INIST, Gaithersburg, Maryland
2University of Maryland, College Park, Maryland — 3University of
Regensburg, Germany — 4Seoul National University, Korea

In the traditional theoretical description of superconductivity, a static
electric field cannot penetrate a superconductor, since screening occurs
like in a normal metal. This can be traced back to the fact that the
London equations [1], the phenomenological equations describing the
electrodynamics of superconductors, are derived within the Coulomb
gauge. J. E. Hirsch proposes to use the Lorenz gauge instead [2],
deriving a consistent solution where the electric field penetrates the
superconductor up to the London penetration depth.

If a superconductor screens electric fields differently from a normal
metal, the electrostatic interaction between a scanning probe tip and
a superconductive sample should change when the latter becomes su-
perconductive. We report on experiments to test Hirsch’s hypothesis,
performed on aluminium samples in a combined STM/AFM micro-
scope operated in ultra-high vacuum at mK temperatures.

[1] F. London, Superfluids Vol. I, Wiley (1950)
[2] J. E. Hirsch, Physica C 508, 21 (2015)

TT 16.7 Mon 16:45 H 0110

Fabrication of electrospun BSCCO nanowire networks with
reduced preparation temperature — eMIicHAEL KoBLISCHKA!,

XiaNLin Zeng!, FaBiaN LaurenT!, THoMmas KarwoTn!, AN-
1 2

JELA KoBLISCHKA-VENEVA', UwWE HARTMANN!, CrOsBY CHANGZ,
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TrOoMAS HAUET?, PRAVEEN KUMAR?, and OLIVER E1BL® — Institute
of Experimental Physics, Saarland University, Campus C 6 3, D-
66123 Saarbriicken, Germany — Z2Institut Jean Lamour, UMR
CNRS-Université de Lorraine, 54506 Vandoevre-lés-Nancy, France —
3Institute of Applied Physics, University of Tiibingen, 72076 Tiibin-
gen, Germany

BizSrpCaCuz0g4 5 (Bi-2212) nanowire networks [1] were fabricated by
electrospinning. A thermal treatment is required to obtain the final
crystal structure, however, if the preparation temperature is too high,
the nanowire structure may completely collapse. Therefore, Li ac-
etate was added in various amounts to the starting composition. This
enabled us to produce the desired Bi-2212 phase already at 750 °C
instead of 840 °C. X-ray and TEM analysis proved that the result-
ing nanowires were single-phase Bi-2212. After electrospinning, the
resulting samples form fabric-like networks, and the nanowire struc-
ture survived. The nanowires exhibit a polycrystalline structure with
grain sizes of 20-50 nm, an average wire diameter of 100 nm and a
length of up to several micrometers. The nanowire network samples
were characterized by magnetic and electric measurements in fields up
to 7 T. This work is part of DFG-project Ko2323/8.

[1] M.R.Koblischka et al., AIP Adv. 6, 035115 (2016).

TT 16.8 Mon 17:00 H 0110
Electrospun BSCCO donut-shaped superconducting rings —
o X1ANLIN ZENG, FABIAN LAURENT, MICHAEL KoBLISCHKA, and UWE
HarTMANN — Institute of Experimental Physics, Saarland University,
Campus C 6 3, D-66123 Saarbriicken, Germany

By means of electrospinning, BizSroCaCu20g4s (Bi-2212) nanowire
networks were fabricated. Using the as-spun polymer nanowires, we
were able to create donut-shaped superconducting rings via mechan-
ical treatment. These samples were heat-treated at 840 °C to form
the superconducting phase and to remove the polymer. On the donut-
shaped nanowire samples, we performed magnetization measurements
in a PPMS magnetometer in fields up to 7 T to investigate their be-
havior concerning trapping of magnetic fields and persistent currents
flowing in the remanent state after application of magnetic fields. Us-
ing a Hall probe, we measured the local field, Bi, inside the rings at
various temperatures and fields. Our results show that these donut-
shaped rings can act as magnetic shields at low temperatures.
This work is part of DFG-project Ko2323/8.

TT 16.9 Mon 17:15 H 0110
Experimental evidences of a possible superconducting tran-
sition above room temperature in natural graphite crystals
— oCHRISTIAN EIKE PRECKER!, PABLO DaviD Esquinazi!, MARKUS
STiLLER!, JosE Luis Barzora Quiquial, and ANA MEvA CHAMPI
FAarraN? — lFelix-Bloch-Institut, Universitit Leipzig, Linnéstr. 5,
04103 Leipzig, Germany. — 2CCNH, Universidade Federal do ABC,
Sao Paulo, Brazil

By use of the four-terminal sensing method and high resolution elec-
trical transport measurement, natural graphite samples from Brazil
and Sri Lanka mines were measured. Temperature dependent resis-
tance R(T) measurements shows a step-like transition at T ~ 350
K. Further experiments were performed, like magnetization and time
dependence R(T) after a field change, showing a magnetic irreversibil-
ity, i.e. trapped flux and flux creep and partial magnetic flux ex-
pulsion. All before mentioned experimental results suggest the exis-
tence of granular superconductivity below 350 K. X-rays diffraction
measurements proved the existence of rhombohedral graphite phase
in all measured samples, suggesting the presence of interfaces formed
between the rhombohedral and Bernal phase as responsible for the
high-temperature superconductivity, as predicted by theoretical calcu-
lations. The measured remanence in the magnetoresistance is due to
pinned fluxons produced through superconducting currents. The cur-
rent path of a graphite sample in remanence state has been measured
using magnetic force microscopy. The current path vanished at the
same critical temperature measured with the resistance.
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TT 17: Superconductivity: Qubits Il

Time: Monday 15:00-17:00

TT 17.1 Mon 15:00 H 2053
Effective Evolution of a Driven Qubit Beyond the Ro-
tating Wave Approximation — eDANIEL ZgeucH!, FaBIAN
HassLEr2, and Davip P. D1ViNcENzo!'2 — 1Peter Gruenberg Insti-
tut, Forschungszentrum Juelich, Juelich, Germany — 2JARA-Institute
for Quantum Information, RWTH Aachen University, Aachen, Ger-

many

Decreasing the duration of quantum gates requires high-amplitude
pulses. In the high-amplitude regime one needs to take into account
effects beyond those captured by the rotating wave approximation.
Such effects include rapid oscillations on the time scale of 1/w, where
w is the qubit frequency, making it difficult to accurately describe the
state evolution. For constant-amplitude pulses there is an effective
Hamiltonian which describes shifts of the resonance frequency, known
as the Bloch-Siegert shift [1], and of the Rabi frequency. For the case
of time-dependent amplitudes of the order of the qubit frequency, we
employ the Magnus expansion [2] to analytically determine an effec-
tive Hamiltonian which depends on time only through the amplitude.
The time evolution due to our effective Hamiltonian is a family of
rotating-frame trajectories, each of which agrees at periodic points in
time with the actual state trajectory. We expect that using such effec-
tive Hamiltonians will reduce computational resources when designing
pulse shapes.

[1] F. Bloch and A. Siegert, Physical Review 57, 522 (1940).

[2] R. R. Ernst, G. Bodenhausen, A. Wokaun, Clarendon Press, Oxford
(1987)

TT 17.2 Mon 15:15 H 2053
FPGA-based Quantum Feedback for Superconducting Qubits
— eRicHARD GEBAUERY2, Nick KAaRcHER!, MARTIN WEIDES?,
OLIVER SANDER!, ALExEY V. UstiNov?, and Marc WEBER!
— Mnstitut fiir Prozessdatenverarbeitung und Elektronik, KIT —

2Physikalisches Institut, KIT

A typical measurement setup for superconducting qubits consists of
arbitrary waveform generators, signal recorders and vector network
analyzers. Although sufficient for simple experiments, its applicability
is limited due to long data communication delays, poor scalability and
static pulse sequences. A faster and more flexible solution for qubit
readout and control is FPGA-based custom hardware. It not only
dramatically reduces costs and space requirements but also simplifies
measurements and enables customized control schemes like quantum
feedback where a low response time is critical.

We implemented an FPGA design for experiments with supercon-
ducting qubits which also enables fast feedback loops to control qubits
depending on their measured state. Thus, it provides the basis for ex-
periments and algorithms like quantum error correction or active reset.
While typically the signal-to-noise ratio is improved by averaging, feed-
back loops require single shot measurements. Therefore, we employ a
Josephson parametric amplifier with its superior noise characteristics.
In the current state of development, we demonstrate arbitrary qubit
rotations around X and Y axis. Furthermore, we can perform all stan-
dard measurements for qubit characterization using an FPGA and will
present first results on implementing quantum feedback.

TT 17.3 Mon 15:30 H 2053
Bistability, chaos and chaos-to-hyperchaos transition in a few-
qubit chain. — e ALEXANDRE ZAGOSKIN and ALEXANDER BALANOV
— Department of Physics, Loughborough University, Loughborough,
UK

Based on numerical simulations, we predict that an externally driven
chain of a few qubits with dissipation will demonstrate transitions be-
tween several stable regimes and chaotic behaviour due to bistability,
similar to the behaviour predicted for Rydberg atoms. The system
also demonstrates a transition from chaotic to hyperchaotic behaviour
as the number of qubits changes from 4 to 5. We argue that the tran-
sition is determined by the dimensionality of the Hilbert pace of the
system and can be observed in a system of realistic superconducting
qubits.

TT 17.4 Mon 15:45 H 2053
Coherent Revival of Ramsey Oscillations in the Flux-
onium Qubit Coupled to a bath of Harmonic Oscil-
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lators — eFarsuap ForoucH!, MarTia ManTOvaNI?, REMY

DassoNNEVILLE!, Luca Pranar!, JavieEr PurrTas!, SEBASTIEN
Leger!, ETiennE DuMur?, Yurty Krupko!, WoLrcganG BELzig?,
CeciLE Naup!, OriviEr Buisson!, NicoLas Rocu!, FRANK
Hexking!, GianLuca RasteLLi®®, and WIEBKE GUICHARD!
1Univ. Grenoble Alpes, CNRS, Grenoble INP, Institut Néel, Grenoble,
France. — 2Fachbereich Physik, Universitit Konstanz, Konstanz, D-
78457 , Germany. — 3Zukunftskolleg, Universitit Konstanz, D-78457,
Konstanz, Germany — “The institute for Molecular Engineering, Uni-

versity of Chicago, Chicago, IL, United States.

We studied different fluxonium qubits in 2D and 3D cavity-structures
and reached the state of the art for coherence and relaxation times.
We observed a systematic increase of the relaxation time both in 3D
and 2D at the optimal point of the qubit, when quasi-particle tunnel-
ing is strongly reduced. We aim to realize a 2D fluxoniums coupled
to few on-chip lumped element resonators. We use a fast flux line to
control the coupling between the fluxonium qubit and the resonators.
We have studied theoretically the emerging spin-boson Hamiltonian
for this particular circuit with the perspective of measuring revival
effects in the coherent oscillations of the qubit. We started to imple-
ment measurements, revealing the effect on the qubit dynamics of a
dissipative bath formed by a discrete set of harmonic oscillators.

TT 17.5 Mon 16:00 H 2053
Nonreciprocal scattering of two superconducting qubits cou-
pled to a waveguide — eANDREsS Rosario Hamann!, CLEMENS
MueLLER!, MaRrkus JERGER!, JosHua CowmBEs', MAXIMILIAN
ZANNER?, MARTIN WEIDES?, THoMAs M. Stace!, and ARKADY
Feporov! — 'ARC Centre of Excellence for Engineered Quantum
Systems, The University of Queensland, St Lucia QLD 4072, Australia
— 2Physikalisches Institut, Karlsruhe Institute of Technology (KIT),

76131 Karlsruhe, Germany

Recent theoretical studies of a pair of atoms in a 1D waveguide show
that the system responds asymmetrically to incident fields from oppos-
ing directions at low powers. In this work we present an experimental
implementation of this nonreciprocal system by using two supercon-
ducting transmon-like qubits embedded in a copper waveguide. We
show that the asymmetry arises from the formation of a quasi-dark-
state of the two atoms, which saturates at extremely low powers. The
nonlinear saturability of the system explicitly breaks the assumptions
of the Lorentz reciprocity theorem. Two external coils provide control
over the flux threading the transmons, thus allowing us to individually
tune their transition frequencies and to change the effective coupling
between the incident fields and the quasi-dark-state.

1

TT 17.6 Mon 16:15 H 2053
Simple Impedance Response Formulas for the Dispersive In-
teraction Rates in the Effective Hamiltonians of Low Anhar-
monicity Superconducting Qubits — eFiraT Sorcun!, Davip
D1ViNcENzo?3, and Jay GaMBETTA! — 1IBM T.J. Watson Research
Center, Yorktown Heights, NY 10598, USA — 2Institute for Quantum
Information, RWTH Aachen, Germany — 3Peter Griinberg Institute:
Theoretical Nanoelectronics, Research Center Jilich, Germany

For superconducting quantum processors consisting of low anhar-
monicity qubits such as transmons we give a complete microwave de-
scription of the system in the qubit subspace. We assume that the
qubits are dispersively coupled to a distributed microwave structure
such that the detunings of the qubits from the internal modes of the
microwave structure are stronger than their couplings. We define qubit
ports across the terminals of the Josephson junctions and drive ports
where transmission lines carrying drive signals reach the chip and we
obtain the multiport impedance response of the linear passive part of
the system between the ports. We then relate interaction parameters
in between qubits and between the qubits and the environment to the
entries of this multiport impedance function: in particular we show
that the exchange coupling rate J between qubits is related in a simple
way to the off-diagonal entry connecting the qubit ports. Our treat-
ment takes into account all the modes (possibly infinite) that might
be present in the distributed electromagnetic structure and provides
an efficient method for the modeling and analysis of the circuits.

TT 177 Mon 16:30 H 2053
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Tunable ohmic environment using Josephson junction chains
— eoGianLuca RasterLni' and Toan M. Popr? — !Zukunftskolleg
& Fachbereich Physik, Universitdt Konstanz, Konstanz, Germany —
2Karlsruhe Institute of Technology (KIT), Karlsruhe, Germany

We analyse a scheme to implement a tunable resistance using a double
chain of Josephson junctions. The two parallel chains are formed by
N dc-SQUIDs, acting as linear and tunable inductance L. The chains
are coupled capacitively through a capacitance C much larger than the
capacitance of the individual dc-SQUID. The system sustains electro-
magnetic modes forming a large but discrete set of damped harmonic
oscillators. This set yields an impedance Z, that is a smooth and
continuous function versus frequency. Moreover, the system can be
connected to an external measurement setup, and the dissipation can
be continuously monitored. We show that, by varying L, the double
chain can operate as tunable ohmic resistance in a frequency band
spanning several GHz, with a resistance that can exceed the quantum
resistance. We argue that the circuit complexity is within reach using
current Josephson junction technology.

TT 17.8 Mon 16:45 H 2053
Quantum Process Tomography of a Quantum Memory —
eMicHAEL RENcER!}'2, Epwar Xiel2:3, Frank Deppel2:3, PETER
Eper!2:3 MicHaEL Fiscuerb?3, STeraN PocorzaLeEk!?, Kir-

1,2 1,2,3

i G. Feporov!':2, Acumm Marx', and RupoLr GRoss
IWalther-Meifiner-Institut, Bayerische Akademie der Wissenschaften,
85748 Garching, Germany — 2Physik-Department, TU Miinchen,
85748 Garching, Germany — 3Nanosystems Initiative Munich (NIM),
80799 Miinchen, Germany

In order to realize a quantum memory, a memory protocol for a super-
conducting qubit coupled to a 3D cavity resonator is realized with a Z
fidelity of 85%. By exploiting the multimode structure of the 3D cavity,
we combine readout and storage capability in a single device, thereby
significantly enhancing scalability. With the goal of accurately char-
acterizing the information loss during the protocol, the overall process
fidelity has to be measured. To this end, we perform quantum process
tomography on our quantum memory system. The protocol consists
of four pulses with a total length of 240ns. The qubit density matrix is
reconstructed with standard quantum state tomography for a suitable
set of qubit states. The comparison of the measured outcome with the
theoretical value gives us knowledge about the process matrix x. We
present tomography data and compare the quantum process fidelity to
the Z fidelity.

The authors acknowledge support from DFG through FE 1564/1-1,
the doctorate program ExQM of the Elite Network of Bavaria and the
IMPRS ‘Quantum Science and Technology’.

TT 18: f-Electron Systems and Heavy Fermions Il

Time: Monday 15:00-17:30

TT 18.1 Mon 15:00 H 3005
Thermodynamics of heavy fermions with crystal-field exci-
tations and lattice coherence — eFARZANEH ZAMANI!, STEFAN
KIircHNER?, and JoHANN KroHal2 — lPhysikalisches Institut and
BCTP, Universitit Bonn, Germany — 2Center for Correlated Matter,
Zhejiang University, Hangzhou, China
Heavy-fermion (HF) compounds exhibit an interplay of various phe-
nomena, including Kondo effect, lattice coherence and crystal-field
(CF) splitting. It is crucial to understand the corresponding features
in the thermodynamics of heavy-fermion metals, e.g., in order to sepa-
rate their energy scales from quantum critical scales. However, a com-
plete understanding has been hampered by the fact that the CF-split
angular-momentum multiplets of the rare-earth ions induce multiple
spectral resonances near the Fermi energy (CF satellites), which are of
Kondo-like many-body origin. Thus, not only their occupation num-
ber is thermally activated, but also their spectral weight depends on
temperature, leading to complex thermodynamic behavior. We clarify
the many-body nature of the CF excitations. We develop the Dynami-
cal Mean-Field Theory for the multi-orbital, CF-split Anderson lattice
model, using the self-consistent slave particle technique as an impu-
rity solver, accurate down to well below the Kondo scale. We employ
a novel gauge fixing technique for fixing the U(1) gauge of the slave
particle fields which enables a highly accurate calculation of the free
energy and its thermodynamic derivatives. Thermodynamic and spec-
troscopic results for both, the multi-orbital Anderson lattice and the
single-impurity case, are presented.

TT 18.2 Mon 15:15 H 3005
Kondo insulators vs. transition metal-based narrow-gap
semiconductors — eJAN M. Towmczak — Institute of Solid State
Physics, TU Wien, Austria

Kondo insulators display a pronounced temperature dependence in
their experimental observables: An insulating low-temperature regime
with an activated magnetic susceptibility gives way—above a coher-
ence temperature—to metallic conduction and Curie-Weiss behaviour.
Empirically, this crossover is strikingly akin to that found in some
correlated narrow-gap semiconductors, such as FeSi and FeSbs, which
are based on transition metals. Here, we present realistic many-body
calculations for the prototypical Kondo insulator Ces3BigPt3[1] and
compare them to our previous results for FeSi[2]. We discuss simu-
lated transport properties, as well as photoemission and optical spec-
tra. Further, we propose a microscopic distinction between the physics
of both compounds from the perspective of dynamical mean-field the-
ory. This work was supported by the Austrian Science Fund (FWF)
through project P 30213-N36.

[1] IMT, Topical Review for J. Phys.: Condens. Matter (submitted),
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[2] IMT, K. Haule, G. Kotliar, PNAS 109, 3243 (2012)

TT 18.3 Mon 15:30 H 3005
Kondo-lattice ferromagnets and their peculiar order along
the magnetically hard axis — eDanieL HarNER!, Binop Ral?,
JacintHa Banpal, KrisTIN KLiEMT3, CorRNELIUS KRELLNER?, JORG
SicueLscHMIDT!, CurisTorH GEriBEL!, EwmiLiA Morosan?, and
MAaNUEL Branpo! — Max Planck Institute for Chemical Physics of
Solids, N6thnitzer Str. 40, D-01187 Dresden, Germany — 2Physics and
Astronomy Department, Rice University, Houston, Texas 77005, USA
— 3Physikalisches Institut, Johann Wolfgang Goethe-Universitit, D-
60438 Frankfurt am Main, Germany

We show that ferromagnetism in Ce- and Yb- based Kondo-lattice
systems often aligns along the magnetically hard axis. This counter-
intuitive phenomenon was believed to be a rare case, but our com-
parative study suggests that this is rather the common case in these
materials. We discuss possible theoretical scenarios by analyzing dif-
ferences and similarities between all these systems. Differences appear
in properties such as Curie temperatures T, crystalline structures,
size of the ordered magnetic moment and crystal electric field ground
state. Similarities lie in a usual Kondo temperature Tk of a few Kelvin,
a comparable magnetic anisotropy and a non mean-field like transition
in specific heat, hinting at an important role of fluctuations.

TT 18.4 Mon 15:45 H 3005
Tracking incommensurate magnetism with Slave Boson Mean
Field Theory — eDavip RiecLEr!, MicuaeL KrLerT!, SEULGI
Ok2, Titus NeupERT?, PETER WOLFLES, and RoNNY THOMALE!
— Mnstitute for Theoretical Physics, University of Wiirzburg, Ger-
many — 2Department of Physics, University of Zurich, Switzerland
— 3Institute for Theory of Condensed Matter and Institute for Nan-

otechnology, Karlsruhe Institute of Technology, Germany

Accounting for strong correlations is one of the most challenging prob-
lems in solid state physics, and has given rise to the development
of a plethora of different methodological approaches. Among them,
the slave boson mean field formalism has been shown to successfully
describe strongly correlated electron systems such as heavy fermion
physics and quantum impurity models. While DMFT is another pop-
ular method of use within the scope of these systems, the slave boson
mean field method can be applied to problems beyond the reach of
DMFT, and such provide an interesting complementary view. In par-
ticular, this applies to models with large Hilbert spaces, and especially
the investigation of incommensurate magnetic order where the mag-
netic unit cell would be too large to describe it within any cluster
DMFT framework. Therefore, slave boson mean field is well suited
to fill a niche in contemporary methods of condensed matter physics.
This talk intends to elaborate on the method of spin rotation invariant
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slave boson mean field theory including fluctuations around the saddle
point, and its applications to the periodic Anderson model as well as
the topological Kondo insulator SmBg.

TT 18.5 Mon 16:00 H 3005
Partial Kondo screening in a frustrated Kondo lattice model
— eTosHIHIRO SaTo!, FAkHER F. Assaap!, and TARUN GROVER?
— lInstitut fiir Theoretische Physik und Astrophysik, Universitit
Wiirzburg, Germany — 2Department of Physics, University of Cal-
ifornia at San Diego, USA

We study a half-filled Kondo lattice model on the honeycomb lattice
with geometrical frustration. The geometrical frustration adds a new
competing energy scale in the Doniach phase diagram which conven-
tionally accounts only for the competition between the RKKY inter-
action and the Kondo screening. Using a negative-sign-free auxiliary
field quantum Monte Carlo approach, we map out the phase diagram
in the presence of geometrical frustration. In addition to the conven-
tional Kondo insulator and the anti-ferromagnetically ordered state,
we provide evidence for a novel ‘partial Kondo screened’ phase. In this
phase, the spins are selectively screened so as to alleviate frustration,
and the lattice rotation symmetry is broken nematically [1].

[1] T. Sato, F. F. Assaad, T. Grover, arXiv:1711.03116 (2017)

TT 18.6 Mon 16:15 H 3005
3D topological Kondo insulators: surface band structure
and space charge screening — eSOROUSH ARABI!, FRANCISCO
MEIRINHOS!, and JOHANN KroHA':?2 — 1Physikalisches Institut and
Bethe Center for Theoretical Physics, Universitdt Bonn, Germany —
2Center for Correlated Matter, Zhejiang University, Hangzhou, Zhe-

jiang 310058, China

Topological Kondo insulators (TKIs) are a new class of topological
insulators, emerging through the interplay of strong correlations and
spin-orbit coupling. In TKIs, the bulk is a narrow band insulator
due to the appearance of a localised Kondo resonance near the Fermi
level and its hybridisation with the conduction band. Additionally,
the strong spin-orbit coupling of the localised moments generates a
nonlocal hybridisation between the local moments and the conduction
band, which results in a topologically nontrivial band structure and
gapless surface states [1]. In this work, we study TKIs in a slab geom-
etry and address the problems of space charges and screening near the
surfaces. The strong Kondo correlations in the 4f orbitals are treated
by a layer-dependent slave boson mean field (SBMF) theory, while the
Coulomb repulsion in the conduction band is described by Hartree-
Fock (HF) approximation. We solve the coupled SBMF+HF theory
self-consistently and thereby analyse the perseverance of topological
surface states.

15 min. break.

TT 18.7 Mon 16:45 H 3005
Bulk sensitive probe of 5f occupation and charge density
in URu2Si> and URu; 7Fe; 3Sis — eMARTIN SUNDERMANND2:3,
ANDREA AMORESE!'2, HasaN Yavag®, PIETER GraTzeL?, Mau-
rRiTs W. HAVERKORT®, BRiaN MapPLES, Liu Hao TieNnc?, and AN-
DREA SEVERINGD2 — 1University of Cologne, Institute of Physics II,
Cologne, Germany — ?Max Planck Institute for Chemical Physics of
Solids, Dresden, Germany — 3PETRA III, Deutsches Elektronen- Syn-
chrotron (DESY), Hamburg, Germany — “European Synchrotron Ra-
diation Facility (ESRF), Grenoble, France — ®Institute for Theoretical
Physics, Heidelberg University, Heidelberg, Germany — % University of
California, San Diego, La Jolla, California, USA

URu2Si2 goes into a nonmagnetic hidden order (HO) phase at 17.7
K and becomes superconducting below 1.5K. The order parameter of
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the second-order phase transition into the HO phase in URu2Sis is
still a mystery, despite 30 years of research. Interestingly, with applied
pressure (p > 0.7GPa) the HO is replaced with antiferromagnetic order
with large ordered moments of 0.4up. This phase can also be reached
by substitution of Fe on the Ru site. In the Fe substituted samples
the ordered moment is even larger. Here we have addressed the ques-
tions whether the 5f occupation and /or the ground state wave function
change with Fe substitution. We will present high energy resolution
fluorescence detection M-edge and non-resonant inelastic x-ray scat-
tering O-edge data of URu; 7Feg 3Sis and compare these with results
of URu2Siz.

TT 18.8 Mon 17:00 H 3005
High magnetic field studies on UsRh3Sis — eNico STEINKI!,
STEFAN SULLOW!, MARCELO JAIME?, FRANZISKA WEICKERT?, NEIL
HaRrRrIson2, HirosHI AMITSUKAS, MIcHAL VALISKA?, and VLADIMIR
Secnovsky? — 1IPKM, TU Braunschweig, Germany — 2NHMFL,
LANL, Los Alamos, USA, — 3Hokkaido University, Sapporo, Japan

— “4Charles University, Prague, Czech Republic

Together with UOg, the intermetallic UaRh3Si5 is a prime example
of a 5f material exhibiting a first order magnetic phase transition [1-
3|. As demonstrated by means of thermodynamic, electronic transport
and neutron scattering techniques, this monoclinic system undergoes a
structural transition without changing the crystallographic symmetry
at Ty = 25.6 K. It is accompanied by one into a canted antiferromag-
netically ordered state with large magnetic moments (porqg ~ 2.4up),
together with apparent modifications of the Fermi surface. So far, ex-
periments have been limited to magnetic fields < 30T, and which has
hindered a better understanding of the microscopic mechanism of the
phase transition in UaRh3Sis. Moreover, previous experiments seem
to indicate that for B||a axis there is a phase boundary in the range ~
40 T. As well, the question about attaining full ferromagnetic polariza-
tion along the b axis has not been settled. Hence, in this situation we
have performed high field (65T) magnetization and magnetostriction
to map out the magnetic phase diagram.

[1] B. Becker et al., Phys. Rev. Lett. 78 (1997) 1347.

[2] T. Takeuchi et al., J.A. Mydosh, Phys. Rev. B 56 (1997) 10778.
[3] R. Feyerherm et al., Phys. Rev. B 56 (1997) 13693.

TT 18.9 Mon 17:15 H 3005
Theoretical Modeling of Resonant X-Ray Emission Spectra
at the Actinide My 5 Edges — oJiINDRICH KOLORENC — Institute
of Physics, The Czech Academy of Sciences, Prague, Czech Republic

I discuss a theoretical description of the resonant x-ray emission spectra
(RXES) that is based on the Anderson impurity model. The parame-
ters of the model are determined from material-specific LDA+DMFT
calculations. Recently, this approach was shown [1] to accurately re-
produce the L-edge RXES measured in lanthanides [2|. Here, the
method is extended to the M-edge spectra in actinide compounds.
The same theoretical approach applies also to the x-ray absorption
spectra measured in the high-energy-resolution fluorescence-detection
mode (HERFD-XAS) [3]. As an example, I investigate the origin of
large variations observed among the M-edge HERFD-XAS spectra of
several uranium compounds where uranium atoms are in the same ox-
idation state. For instance, both UO3 and torbentite have U atoms in
the U(VI) state, but the shape of their x-ray absorption spectra differs
quite substantially [4,5].
[1] J. Kolorené&, Physica B (2017), DOI: 10.1016/j.physb.2017.08.069
[2] J. A. Bradley et al., Phys. Rev. B 85, 100102 (2012).
[3] K. Hamalainen et al., Phys. Rev. Lett. 67, 2850 (1991).
[4] Y. Podkovyrina et al., J. Phys.: Conf. Ser. 712, 012092 (2016).
[5] K. O. Kvashnina, Y. O. Kvashnin, S. M. Butorin, J. Electron. Spec-
trosc. Relat. Phenom. 194, 27 (2014).
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TT 19: Frustrated Magnets - Spin Liquids - Theory

Time: Monday 15:00-18:15

TT 19.1 Mon 15:00 H 3010
Thermal transport of the Kitaev spin ladder in a magnetic
field — e ALEXANDROS METAVITSIADIS and WoLFRAM BRENIG — In-
stitute for Theoretical Physics, Technical University Braunschweig,
Braunschweig, Germany

The Kitaev spin ladder (KSL) is a minimum quasi one-dimensional
(1D) representative of the celebrated two-dimensional Kitaev model
on the Honeycomb lattice. The frustration caused by the compass in-
teractions leads to fractionalization which combined with the spatial
confinement of 1D leads to localization in the absence of disorder and
consequently to vanishing dc transport coefficients. Furthermore, the
KSL exhibits an interesting phase diagram with gapless, as well as triv-
ial and topological gapped phases. In this work, we present results for
the thermodynamical as well as for the thermal transport properties of
the Kitaev spin ladder in the presence of a magnetic field, which gives
rise to finite dc transport coefficients. We provide results at finite tem-
peratures for a wide range of the magnetic field’s strength, from the
insulating to the diffusive regime, and for different sets of Kitaev cou-
plings, starting from gapless or gapful phases in KSL’s phase diagram.
We primarily rely on numerical techniques, namely exact diagonaliza-
tion and the quantum typicality but we also provide comparison with
an effective fermionic model, valid for weak magnetic fields.

TT 19.2 Mon 15:15 H 3010
Thermal conductivity of a two-dimensional Z2 spin liquid —
e ANGELO PIDATELLAL, ALEXANDROS METAVITSIADIS2, and WOLFRAM
Brenia? — !nstitute for Theoretical Physics, Technical University of
Dresden — 2Institute for Theoretical Physics, Technical University of
Braunschweig

We study the dynamical thermal conductivity of the two-dimensional
Kitaev spin model on the honeycomb lattice. Mapping to Majorana
particles, the transport properties are described in terms of itinerant
matter fermions interacting with a localized Z2 gauge field. Analyzing
isotropic as well as anisotropic cases, in order to incorporate both, gap-
less and gapful phases of the Kitaev model, we discuss our findings for
the thermodynamic properties and the transport coefficients, at finite
temperature and frequency. Our analysis is based on complementary
calculations of the current correlation function, comprising exact diag-
onalization by means of a complete summation over all gauge sectors,
as well as a phenomenological mean-field treatment of thermal gauge
fluctuations, valid over a wide range of temperatures. We find the sys-
tem to be a dissipative heat conductor in the isotropic case. Results
for the anisotropic cases will also be discussed.

TT 19.3 Mon 15:30 H 3010
Global phase diagram for the extended Kitaev — Heisenberg
model via cluster mean field theory — eDoroTa GOTFRYD2,
Juras Rusnacko®?, and Jir1 CuaLoupka®? — lInstitute of The-
oretical Physics, Faculty of Physics, University of Warsaw, Pasteura
5, PL-02093 Warsaw, Poland — 2Marian Smoluchowski Institute of
Physics, Jagellonian University, Lojasiewicza 11, PL-30348 Krakow,
Poland — 3Central European Institute of Technology, Masaryk Uni-
versity, Kamenice 753/5, 62500 Brno, Czech Republic — 4Department
of Condensed Matter Physics, Faculty of Science, Masaryk University,
Kotlarska 2, CZ-61137 Brno, Czech Republic

We present the global phase diagram for the extended Kitaev
— Heisenberg model [1-4] obtained via cluster mean field theory
(CMFT) [5]. We use (a) linearized and (b) full self — consistent
CMFT to determine most of the magnetically ordered (Neel, FM,
zigzag, stripy, vortex) and disordered (spin liquid) regions in the
phase diagram. As the final outcome CMFT gives us the mag-
netic ordered moment direction and value for each phase. We
conclude with the comparison of the characteristics of the ordered
moment for CMFT, other methods and the experimental findings.
[1] J.G. Rau et al., Phys. Rev. Lett.112, 077204 (2014).

[2] J.G. Rau et al., arXiv: 1408.4811, (2014).

[3] J. Chaloupka et al., Phys. Rev. B, 92, 024413 (2015).

[4] J. Chaloupka et al., Phys. Rev. B, 94, 064435 (2016).

[5] D. Gotfryd et al., Phys. Rev. B, 95, 024426 (2017).

TT 19.4 Mon 15:45 H 3010

Existence of spin-liquid states in the Kitaev-Heisenberg lad-
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der — oCLI® ErTHIMIA AGRAPIDIS!, JEROEN VAN DEN BRINk!:2,

and Sarosur Nisaimoro!:?2 — 1IFW Dresden, Dresden, Germany —
2Technical University Dresden, Dresden, Germany

It is widely accepted that the Kitaev-Heisenberg (KH) model on a
honeycomb lattice is a good minimal model for some candidate spin
liquid materials (e.g. a-RuCls). Though the KH hamiltonian has been
studied in 2D, systematic analysis including finite-size scaling is still
lacking due to numerical difficulties. Whereas very precise analysis is
possible for 1D and quasi-1D KH systems

‘We study the KH ladder using the exact diagonalization and den-
sity matrix renormalization group techniques. We present its phase
diagram as a function of an angle parameter ¢, having defined the
Kitaev interaction as sin ¢ and the Heisenberg one as cos ¢. Remark-
ably, we find that the phase diagram has a resemblance to the one
suggested for the same model on the honeycomb lattice [1], showing
the same phases, namely spin-singlet (or Néel), zig-zag, ferromagnetic,
stripy and two spin liquid states.

We also present some results in the presence of magnetic field and
discuss the spin-liquid properties.
[1] J. Chaloupka, G. Jackeli, G. Khaliullin, PRL 110 097204 (2013)

TT 19.5 Mon 16:00 H 3010
Majorana zero modes in the Kitaev honeycomb model —
eDaNIEL OTTEN, ANANDA Rov, and FaBian HassLer — JARA-
Institute for Quantum Information, RWTH Aachen University, D-
52056 Aachen, Germany

Kitaev’s honeycomb model is a quantum spin liquid that gives rise to
an emergent static Zgo gauge field coupled to Majorana fermions. In
presence of an applied external magnetic field, the system is, depen-
dent on the choice of interaction strength, in a gapped, non-abelian
phase. In this phase, the vortex excitations of the emergent Zs gauge
field have Majorana zero modes bound to them. We investigate the
properties of these Majorana zero modes. Using Jordan-Wigner trans-
formation, we map the effective Hamiltonian to that of a chiral p-wave
superconductor. We analytically calculate the wave functions of the
Majorana zero modes in the continuum limit and the energy splitting
that arises when two vortices approach each other. Furthermore, to un-
derstand the implications of the zero modes in the original spin model,
we calculate the spin-spin correlator and the dynamical structure fac-
tor in presence of these vortices. These results are relevant for possible
experimental observations and characterizations of the Majorana zero
modes in systems that are dominated by the interaction of the Kitaev
honeycomb model.

TT 19.6 Mon 16:15 H 3010
Probing a-RuCl3 beyond magnetic order: Effects of temper-
ature and magnetic field — eDavip KaiB!, STEPHEN WINTER!,
Kira RiEDL!, Rabpu CoLpea?, and Roser VaLenti! — !Institut
fiir Theoretische Physik, Goethe-Universitit Frankfurt — 2Clarendon

Laboratory, University of Oxford

Recent studies have brought a-RuCls to the forefront of experimental
searches for materials realizing Kitaev spin-liquid physics. This mate-
rial exhibits strongly anisotropic exchange interactions afforded by the
spin-orbit coupling of the 4d Ru centers. Under strong scrutiny is the
nature of the unconventional continuum of magnetic excitations [1, 2],
as well as reported unconventional paramagnetic states that emerge
at finite temperature [3] and finite magnetic field [4] after suppression
of magnetic order. Using exact diagonalization calculations of an ab-
initio guided spin model complemented by semi-classical analysis, we
find a very rich evolution of the spin dynamics and the stabilization of
a quantum paramagnetic state as the zigzag order is suppressed [5].
[1] A. Banerjee et al., Science 356, 1055-1059 (2017).

[2] S. M. Winter et al., Nature Communications 8, 1152 (2017).

[3] S.-H. Do et al., Nature Physics 13, 1079-1084 (2017).

[4] Z. Wang et al., arXiv: 1706.06157 (2017).

[5] S. M. Winter et al., arXiv:1707.08144 (2017).

TT 19.7 Mon 16:30 H 3010
Lattice disorder and spin-orbital behaviour in BagCuSb2Og —
e ANDREW SMERALD!2 and FrREDERIC M1Lal — lInstitute of Physics,
Ecole Polytechnique Federale de Lausanne (EPFL), CH-1015 Lau-
sanne, Switzerland — 2Max Planck Institute for Solid State Research,
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Heisenbergstrafie 1, 70569 Stuttgart, Germany

The material BagCuSb2Og has elicited attention recently due to the
proposal that it realises a spin-orbital liquid state. One difficulty in un-
derstanding this behaviour comes from the fact that the lattice struc-
ture of the Cu?t ions is disordered. In order to better understand the
lattice we study a model of charged Sb%t-Cu?t dumbbells living on
a triangular lattice. We find a complicated ’branch’ lattice with cor-
related disorder of the dumbbells. Starting from this lattice structure
we speculate on the possible spin-orbital state, proposing a state with
delocalised orphan spins.

15 min. break.

TT 19.8 Mon 17:00 H 3010
Doping a 2d Mott insulator - Study of a quantum dimer
model — eSEBAsTIAN HUBER!, JoHANNES FELDMEIER!, FABIAN
GruspT?, and MarTtHias Punk! — 1Arnold Sommerfeld Cen-
ter, Ludwig-Maximilians University, 80333 Munich, Germany —
2Department of Physics, Harvard University, Cambridge, MA 02138,

USA

Experiments with quantum gas microscopes have started to explore
the antiferromagnetic phase of the Fermi-Hubbard model and effects
of doping with holes away from half filling [1]. We show in this talk
that the read-out of the two-particle reduced density matrix enables to
distinguish magnetically ordered and interesting topologically ordered
spin-liquid phases, which might occur in the Hubbard model close to
half filling. Fractionalized Fermi liquids (FL*) [2] are a promising
candidate for this parameter regime. The generalized quantum dimer
model introduced in Ref. [3] is an effective lattice realization of such
an FL* with a Hilbert space spanned by configurations of fermionic
and bosonic short-range bound states. We compute the corresponding
electron spectral functions using exact diagonalization on lattices of
size 6x6 to verify the existence of a pseudogap.

[1] A. Mazurenko, C. Chiu et al., Nature 545, 7655 (2017)

[2] T. Senthil, S. Sachdev and M. Vojta, PRL 90, 21 (2003)

[3] M. Punk, A. Allais and S. Sachdev, PNAS 112, 31 (2015)

TT 19.9 Mon 17:15 H 3010
Negative sign free auxiliary field algorithm for frustrated
Kondo systems — eJoHANNES S HorMANN!, FAKHER F Assaapl,
and TARUN GROVER? — llnstitut fiir Theoretische Physik und
Astrophysik, Universitdt Wiirzburg, 97074 Wiirzburg, Germany —
2Department of Physics, University of California at San Diego, La

Jolla, CA 92093, USA

The absence of negative sign problem in quantum Monte Carlo sim-
ulations of spin and fermion systems has different origins. World-
line based algorithms for spins require positivity of matrix elements
whereas auxiliary field approaches for fermions depend on symmetries
such as particle-hole. For negative-sign-free spin and fermionic sys-
tems, we show that one can formulate a negative-sign-free auxiliary
field quantum Monte Carlo algorithm that allows Kondo coupling of
fermions with the spins.

In this talk we will present preliminary results on the Kondo cou-
pling between local moments participating in a Zsz spin liquid (based
on Balents-Fisher-Girvin model) and conduction electrons on a hon-
eycomb lattice. Our setup allows us to address the question of the
relevance of the Kondo coupling at the quantum critical point corre-
sponding to the destruction of the spin-liquid.
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TT 19.10 Mon 17:30 H 3010
Fractionalized Fermi liquids and exotic superconductivity in
the Kitaev Kondo lattice — eUrBaN F. P. Srrrerr!, ToBIAS
MEeNG!, and MarTHIAS VoiTal:?2 — lInstitut fiir Theoretische Physik,
Technische Universitiat Dresden, 01062 Dresden, Germany — 2Center
for Transport and Devices of Emergent Materials, Technische Univer-
sitdt Dresden, 01062 Dresden, Germany

Fractionalized Fermi liquids (FL*) have been introduced as non-Fermi-
liquid metallic phases, characterized by coexisting electron-like charge
carriers and local moments which itself form a fractionalized spin lig-
uid. Here we investigate a Kondo lattice model on the honeycomb
lattice with compass interactions among the local moments, a con-
crete model hosting FL* phases based on Kitaev’s Zz spin liquid. We
characterize the FL* phases via perturbation theory, and we employ
a Majorana-fermion mean-field theory to map out the full phase dia-
gram. Most remarkably we find triplet superconducting phases which
mask the quantum phase transition between fractionalized and conven-
tional Fermi liquid phases. Their pairing structure is inherited from
the Kitaev spin liquid, i.e., superconductivity is driven by Majorana
glue.

TT 19.11 Mon 17:45 H 3010
Looking at an antiferromagnet from a spin-liquid point of
view — eMarc DanNIEL ScHULzZ — TU Dortmund, Germany

The Zg topological phase in the quantum dimer model on the Kagome-
lattice is a candidate for the description of the low-energy physics of the
anti-ferromagnetic Heisenberg model on the same lattice. We study the
extend of the topological phase by interpolating between the exactly
solvable parent Hamiltonian of the topological phase and an effective
low-energy description of the Heisenberg model in terms of a quantum-
dimer Hamiltonian. Therefore, we perform a perturbative treatment of
the low-energy excitations in the topological phase including free and
interacting quasi-particles. We find a phase transition driven by the
condensation of bound states formed of topological excitations. The
condensed phase corresponds to a valence bond solid and is character-
ized by a spontaneously broken rotational symmetry and a unit cell
containing six sites.

TT 19.12 Mon 18:00 H 3010
Jammed spin liquid in the bond-disordered kagome
Heisenberg antiferromagnet — eTuomas BiLiTEwski', MIKE
ZurroMirsky?, and RopERICH MoEsSSNER! — !Max-Planck-Institut
fir Physik komplexer Systeme, No6thnitzer Str. 38, 01187 Dresden,
Germany — 2Universite Grenoble Alpes, CEA, INAC-Pheligs, 38000
Grenoble, France

We study a class of disordered continuous classical spin systems in-
cluding the kagome Heisenberg magnet. While each term in its local
Hamiltonian can be independently minimised, we find discrete degen-
erate ground states whose number grows exponentially with system
size. These states do not exhibit zero-energy ‘excitations’ character-
istic of highly frustrated magnets but instead are local minima of the
energy landscape, albeit with an anomalously soft excitation spectrum.
This represents a spin liquid version of the phenomenon of jamming fa-
miliar from granular media and structural glasses. Correlations of this
jammed spin liquid, which upon increasing the disorder strength gives
way to a conventional spin glass, may be algebraic (Coulomb-type) or
exponential.
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TT 20: Topological Semimetals Il

Time: Monday 15:00-18:45

TT 20.1 Mon 15:00 A 053
Topological band crossings in hexagonal materials
e ANDREAS P. ScHNYDER — Max Planck Institute for Solid State Re-
search, Stuttgart, Germany

Recently, topological nodal-line semimetals have become a topic of
very active research, driven by the discovery of several new nodal-line
materials. In this talk, I present a complete classification of all pos-
sible non-symmorphic nodal lines in hexagonal materials with strong
spin-orbit coupling. The analysis is based on (i) the algebraic relations
obeyed by the symmetry operators and (ii) the compatibility relations
between irreducible representations at different high-symmetry points
of the Brillouin zone. I present a number of existing materials where
these non-symmorphic nodal lines are realized and discuss their DF'T
band structures. Based on these material examples, I discuss the sur-
face states that are associated with the topological band crossings.

TT 20.2 Mon 15:15 A 053
Realizing double Dirac particles in the presence of elec-
tronic interactions — eGIiorcio SaNGIOVANNI!, DoMENICO D1
SanTe!, AnDREAs HausorL!, PaorLo BaronNE?, JAN Towmczak?3,
and RonNNYy THoMmALE! — !Institut fuer Theoretische Physik und
Astrophysik, Universitaet Wuerzburg — 2Consiglio Nazionale delle

Ricerche, I’Aquila (Ttaly) — 3TU Wien (Austria)

Double Dirac fermions have recently been identified as possible quasi-
particles hosted by three-dimensional crystals with particular nonsym-
morphic point-group symmetries. Applying a combined approach of
ab initio methods and dynamical mean-field theory, we investigate how
interactions and double Dirac band topology conspire to form the elec-
tronic quantum state of BioCuO4. We derive a downfolded eight-band
model of the pristine material at low energies around the Fermi level.
By tuning the model parameters from the free band structure to the
realistic strongly correlated regime, we find a persistence of the dou-
ble Dirac dispersion until its constituting time-reversal symmetry is
broken due to the onset of magnetic ordering at the Mott transition.
Our calculations suggest that the double Dirac fermions in BigCuOgy4
can be restored by experimentally accessible hydrostatic pressures. In
light of the growing attention to the topological quantum chemistry
approach, our results on BioCuO4 show how many-body effects must
be included beyond the static mean-field level for reliable predictions
on new materials.

[1] Phys. Rev. B 96, 121106(R) (2017)

TT 20.3 Mon 15:30 A 053
Drumhead surface states in topological Dirac semimetal —
e ANDREAS LEONHARDT!, ANDREAS ScHNYDER!, MEHDI BIDERANG?,
NimisHA RacuuvansHi?, and ALIREzA AkBARIZ — !Max Planck In-
stitute for Solid State Research, D-70569 Stuttgart, Germany — 2Asia
Pacific Center for Theoretical Physics, Pohang, Gyeongbuk 790-784,

Korea

Dirac nodal line semimetals (DNLSMs) host a symmetry protected
band crossing along a line in the BZ. The non-trivial Berry phase of
the bulk within the nodal ring leads to localized drumhead surface
states (DSSs) in the interior of the projection of the line node onto
the surface BZ. Promising candidates to study the physics of DNLSMs
are the compounds CaAg(P/As) and TlTaSe2, which provide different
SOC strengths and mechanisms.

Quasi particle interference (QPI) is dominated by surface states and
provides a possibility to investigate the dispersion and spin polarization
of the drumhead surface states. We present spin resolved QPI patterns
from an effective low energy tight binding model for the most promis-
ing candidates of nodal line semimetals, together with a symmetry
analysis of the resulting patterns with respect to the spin polarization
of the DSSs, with a focus on the influence of SOC onto the line node
and the surface states.

Furthermore, we investigate the effect of the non-trivial topology on
non-linear optical response phenomena, where the Berry connection
and curvature directly appear in terms of quadratic or higher order in
the electric field.

TT 20.4 Mon 15:45 A 053
Three dimensional Dirac semimetal canditate PtBis

eBoy RomaN PieNING!, TuIRUPATHAIAH SETTI'2, CHRISTIAN
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Location: A 053

Brum!, YEVHEN KUSHNIRENKO!, ALEXANDER YARESKO®, SERGEY

BORISENKO!, SAICHARAN AswARTHAM!, and BERND BticunerD* —
LFW Dresden, 01069 Dresden, Germany — 2Indian Institute of Sci-
ence, Bangalore, Karnataka, 560012, India — 3Max-Planck-institute
for Solid State Research, Heisenbergstrasse 1, 70569 Stuttgart, Ger-
many — 4Technical University Dresden, 01069 Dresden, Germany

From band structure calculations the pyrite-type cubic PtBis has been
predicted to be a three-dimensional Dirac semimetal, which is sup-
ported by experimental studies showing anomalous transport proper-
ties such as a non saturating extremely large linear magnetoresistance
(XMR). Until now only the trigonal PtBis was investigated in respect
to electronic structure by ARPES revealing promising linearly disper-
sive Dirac states. We synthesized cm-sized cubic and trigonal PtBia
single crystals by selflux method using different ratios of Pt to Bi in
appropriate temperature regions in order to control the phase. For
comparison trigonal PtBis were grown with a mirror furnace leading
to a several cm-long single crystal. Transport measurements, X-ray
diffraction and Energy-dispersive spectroscopy confirm the high qual-
ity of the crystals which makes them suitable for further investigation.
For the first time it was possible to measure the cubic PtBia with
ARPES.

TT 20.5 Mon 16:00 A 053
Planar Hall effect in half Heusler Weyl semimetal GdPtBi
— NitestH Kumar, Craupia FELSER, and € CHANDRA SHEKHAR —
Max Planck Institute for Chemical Physics of Solids, 01187 Dresden,
Germany

Weyl and Dirac Fermions semimetals exhibits exotic transport prop-
erties for example high carrier mobility, large positive transverse mag-
netoresistance, low charge carrier density, low effective mass etc. How-
ever, among the very few available tools to characterize Weyl semimet-
als through electrical transport, negative magnetoresistance is most
commonly used. Considering shortcomings of this method, new tools
to characterize chiral anomaly in Weyl semimetals are desirable. We
employ planar Hall effect as an effective technique in half Heusler Weyl
semimetal GdPtBi to study chiral anomaly. This compound exhibits
a large value of 1.5 mQcm planar Hall resistivity at 2 K and in 9 T
[1]. Our analysis reveals that the observed amplitude is dominated by
Berry curvature and chiral anomaly contributions. Through the angle
dependent transport studies we establish that GdAPtBi with relatively
small orbital magnetoresistance is an ideal candidate to observe large
planar Hall effect.

[1] N. Kumar, C. Felser and C. Shekhar, arXivw:1711.04133, 2017.

TT 20.6 Mon 16:15 A 053

An optical investigation of the strong spin-orbital coupled

magnetic semimetal YbMnBi; — e ALEXANDER YARESKO!, DI-
PANJAN CHAUDHURIZ, BiNne CHENG2, N. PETER ARMITAGE?, QUINN
D. Gison®, and RoBerr J. Cava® — Max-Planck-Institute for

Solid State Research, Heisenbergstrasse 1, 70569 Stuttgart, Germany
— 2Department of Physics and Astronomy, The Johns Hopkins Uni-
versity, Baltimore, MD 21218, USA — 3Department of Chemistry,
Princeton University, Princeton, NJ 08544, USA

Strong spin-orbit coupling can result in ground states with non-trivial
topological properties. The situation is even richer in magnetic systems
where the magnetic ordering can potentially have strong influence over
the electronic band structure. The class of AMnBis (A = Sr, Ca) com-
pounds are important in this context as they are known to host massive
Dirac fermions with strongly anisotropic dispersion, which is believed
to be due to the interplay between strong SOC and magnetic degrees
of freedom. We report the optical conductivity of YbMnBis2, a newly
discovered member of this family and a proposed Weyl semi-metal can-
didate with broken time reversal symmetry. Comparing experimental
and theoretical optical spectra we show that the complex conductivity
can be interpreted as the sum of an intra-band Drude response and
inter-band transitions. We find signatures of a gapped Dirac disper-
sion, common in other members of AMnBiy family or compounds with
similar 2D network of Bi atoms.

TT 20.7 Mon 16:30 A 053

Generic Coexistence of Fermi Arcs and Dirac Cones on
the Surface of Time-Reversal Invariant Weyl Semimetals —
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e ALEXANDER LauU!, KLAUS KOEPERNIKZ2, JEROEN VAN DEN BRINKZ,

and CArRMINE ORTIx? — Kavli Institute of Nanoscience, TU Delft,
Netherlands — 2Institute for Theoretical Solid State Physics, IFW
Dresden, Germany — 3Institute for Theoretical Physics, Utrecht Uni-
versity, Netherlands

The hallmark of Weyl semimetals is the existence of open constant-
energy contours on their surface, the so-called Fermi arcs, connecting
Weyl points. Here, we show that for time-reversal symmetric real-
izations of Weyl semimetals these Fermi arcs in many cases coexist
with closed Fermi pockets originating from surface Dirac cones pinned
to time-reversal invariant momenta. The existence of Fermi pockets
is required for certain Fermi-arc connectivities due to additional re-
strictions imposed by the six Z2 topological invariants characterizing a
generic time-reversal invariant Weyl semimetal. We show that a change
of the Fermi-arc connectivity generally leads to a different topology
of the surface Fermi surface, and identify the half-Heusler compound
LaPtBi under in-plane compressive strain as a material that realizes
this surface Lifshitz transition.

15 min. break.

TT 20.8 Mon 17:00 A 053
Weyl semimetals with single Weyl nodes, and the fate of their
chiral anomaly — eToBias MEeNG and JAN CArRL BupicH — Insti-
tute of Theoretical Physics, Technische Universitat Dresden, 01062
Dresden, Germany

Weyl semimetals are defined by the presence of isolated points in the
Brillouin zone at which a conduction and a valence band touch. The
so-called Nielsen-Ninomiya-theorem requires these points (the “Weyl
nodes”) to appear in pairs. This theorem, however, is only valid for
interactions of sufficiently short range. In this talk, I discuss that
long-range interactions can break the Nielsen-Ninomiya-theorem, and
illustrate this point by an explicit construction of an interacting tight-
binding model that contains only a single Weyl node. I will then
demonstrate that the chiral magnetic effect remains intact for arbi-
trary interactions in such a single node Weyl semimetal. In particular,
already an infinitesimal magnetic field restores a pair of chiral Landau
levels of opposite chirality.

TT 20.9 Mon 17:15 A 053
Quantum anomalies in strained Weyl semimetals — StHI-
TaDHI Rov!, eJAN BEHRENDS!, MicHAEL KoLoDRUBETZ2, JENS H.
BarpaRsoN®, NaruaN Gorpman?, Aporro G. GrusHIN®®, and
Ron1 ILan® — 1Max-Planck-Institut fiir Physik komplexer Systeme,
01187 Dresden, Germany — 2Department of Physics, University
of California, Berkeley, California 94720, USA — 3Department of
Physics, KTH Royal Institute of Technology, Stockholm, SE-106 91
Sweden — “4Center for Nonlinear Phenomena and Complex Systems,
Université Libre de Bruxelles, CP 231, Campus Plaine, B-1050 Brus-
sels, Belgium — ®Institut Néel, CNRS and Université Grenoble Alpes,
F-38042 Grenoble, France — SRaymond and Beverly Sackler School of
Physics and Astronomy, Tel-Aviv University, Tel-Aviv 69978, Israel

The chiral anomaly gives the topological response of Weyl semimetals
to an external perturbation, insensitive to local details of the Hamilto-
nian. The recent identification of strain as axial fields in these materials
gives rise to other anomalies, known from high-energy theory. How-
ever, these anomalies driven by axial fields are not necessary gauge-
invariant or charge-conserving; in fact, two different formulations exist,
realizing just one of these conditions. In this work, we propose a way
to resolve this ambiguity, supported by a lattice model that provides
an intuitive picture. We identify experimental signatures and argue
about their stability in presence of disorder.

TT 20.10 Mon 17:30 A 053
Creating and Controlling Weyl Fermions, Nexus Points,
and Nodal Lines in the Magnetic Anti-perovskite EusPbO
— eMoriTz M. HIrRscHMANN!, ALEXANDRA S. GiBBs?, VAHIDEH
ABporLazimi}, ALEXANDER YAREsko!, HipENoRI Takacrl34 AN-
prEAS W. RosT!3, and ANDREAS P. Scunyper! — !Max Planck
Institute for Solid State Research, Stuttgart, Germany — 2ISIS Pulsed
Neutron Facility, Didcot, United Kingdom — 3FMQ, Universitit
Stuttgart, Germany — %Department of Physics, The University of
Tokyo, Japan
Anti-perovskite materials A3EO, where A denotes an alkaline earth
metal, while E stands for Pb or Sn, exhibit low-energy electronic prop-
erties that are described by three-dimensional Dirac fermions, which
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are gapped out by spin-orbit coupling [1,2]. If A is replaced by the rare-
earth element europium then magnetic order is expected due to the
electron spin moment as confirmed by magnetization measurements.
Neutron diffraction leads us to the conclusion that different magnetic
phases appear. We studied the effect of magnetism on the electronic
properties of EuzPbO. From DFT calculations the resulting splitting
has been extracted and implemented into a tight-binding model to cap-
ture the physics close to the Fermi energy. We present the creation of
Weyl points, Nexus points, and nodal lines and give their topological
invariants. For the different magnetic phases we derived the respective
surface states and anomalous Hall responses.

[1] T. H. Hsieh, J. Liu, L. Fu. Phys. Rev. B, 90 (2014) 08111.

[2] D. Samal, H. Nakamura, H. Takagi. APL Mater. 4 (7), 2016.

TT 20.11 Mon 17:45 A 053
Andreev reflection in time-reversal symmetric Weyl semimet-
als eJENS ScHULENBORG!, ULl ZUELICKE?, and MICHELE
GoVERNALE?Z — 1Department of Microtechnology and Nanoscience
(MC2), Chalmers University of Technology, Goteborg, Sweden —
2School of Physical and Chemical Sciences and Alan MacDiarmid Insti-
tute for Advanced Materials and Nanotechnology, Victoria University
Of Wellington, New Zealand

The study of the unusual chiral properties of Weyl fermions in Weyl
semimetals (WSM) has attracted enormous attention in the past
decade. Most recently, reports|[1,2] on simple WSM band structures
with only the minimum number of Weyl nodes suggest that it might
become possible to exploit the nontrivial spin-momentum locking di-
rectly through ballistic scattering. This can be useful for spectroscopy
or spin-dependent quantum optics with electrons.

To explore this perspective, we theoretically study elastic Andreev
reflection in a minimal model of a time-reversal symmetric WSM, at
an interface between a normal and superconducting region with s-wave
pairing. We show that without interface-related spin-mixing, the sub-
gap reflection processes at the four Weyl cones completely decouple.
This arguably simplest form of Andreev scattering in a time-reversal
symmetric WSM can be described by a 3D analogue of graphene, with
the key difference that the pseudospin becomes an effective, yet in
principle accessible spin.

[1] K. Koepernik et al., Phys. Rev. B 93, 201101 (2016)
[2] I. Belopolski et al., Nat. Commun. 8, 942 (2017)

TT 20.12 Mon 18:00 A 053
Ballistic edge states in Bismuth nanowires revealed by
SQUID interferometry — eANIL MuraNI — Laboratoire de
Physique des Solides, CNRS, Univ. Paris-Sud, Université Paris-Saclay,
91405 Orsay Cedex, France — Quantronics Group, Service de Physique
de I'Etat Condensé (CNRS UMR 3680 ), IRAMIS, CEA-Saclay, 91191
Gif-sur-Yvette, France

Topological insulators are materials that have electronic states lying at
their edges, which are protected against backscattering by time reversal
symmetry. Bismuth, a semi-metal with strong spin-orbit coupling, was
predicted to be topological in the case of a bilayer thick crystal. We
showed numerically that edge states still exists in Bi nanowires, and
experimentally demonstrated the existence of edge conduction chan-
nels as well as their ballisticity in a recent work, by embedding the
nanowire into an asymetric SQUID. The goal of the present study is
to go one step further and to answer quantitatively about the topo-
logical protection against backscattering as well as the lifetime of the
metastable Andreev bound states that can be formed in these topo-
logical SNS junction. This is done by inductively coupling the NS
loop to a multimode superconducting resonator, with eigenfrequencies
ranging from 300 MHz up to 6 GHz, and measuring the magnetic flux
dependent absorbtion at the vicinity of each of these frequencies. The
resulting phase dependent absorbtion spectrum is measured for differ-
ent temperatures and can be analyzed using a simple low energy model
taking into account two Andreev bound states that nearly anticross,
in agreement with a topological protection.

TT 20.13 Mon 18:15 A 053
Breakdown of the chiral anomaly in Weyl semimetals in a
strong magnetic field — ePiLkwanc Kivm, J1 Hoon Ryoo, and
CHeEOL-HwAN Park — Department of Physics, Seoul National Uni-
versity, Seoul 08826, Korea

A Weyl semimetal is a three-dimensional material whose low-energy
quasiparticles are the chiral fermions described by the Weyl equation.
One of the most intriguing phenomena of Weyl semimetals is the chi-
ral anomaly, which is the nonconservation of the chiral charge in the



Berlin 2018 — TT

Monday

presence of parallel electric and magnetic fields and has been under-
stood as an imbalance between the occupations of the zeroth Landau
levels with the opposite chiralities [1]. In this presentation, we report
the breakdown of the chiral anomaly in Weyl semimetals in a strong
magnetic field [2]. From first-principle calculations, we demonstrate
that a sizable energy gap opens up due to the mixing of the zeroth
Landau levels with opposite chiralities if an applied magnetic field is
sufficiently strong. Our results provide a theoretical framework for un-
derstanding a wide range of phenomena related to the chiral anomaly
in topological semimetals, such as magnetotransport, thermoelectric
responses, and plasmons.

[1] H. B. Nielsen, M. Ninomiya, Phys. Lett. B 130 (1983) 389.

[2] P. Kim, J. H. Ryoo, C.-H. Park, arXiv 1707.01103 (2017).

TT 20.14 Mon 18:30 A 053

Quantum oscillations in Weyl-II semimetals near magnetic
breakdown — eFaBIiAN LamBertr!, JoHaNNEs KNoOLLE?, and ILya
EreMIN' — 1Ruhr-Universitit Bochum — 2Imperial College London

The band structure of a type-II Weyl semimetal has pairs of electron
and hole pockets that coexist over a range of energies and touch at a
topologically protected conical point. While it is known, that in this
case tunneling effects will lead to what is called a magnetic breakdown,
the existence of these pairs of pockets at the Fermi energy also has an
impact on the quantum oscillations associated with the topological
Fermi arcs that exist on the surface of these materials. We analyze the
quantum oscillations for a tight-binding model describing both Weyl I
and Weyl II semimetals concentrating on the large field regime. The
surface Fermi arcs coxisting with bulk electron and hole pockets lead
to new experimental signatures of the quantum oscillations, which will
be crucial for their experimental identification.

TT 21: Topological Insulators Il (joint session HL/TT)

Time: Monday 15:00-17:30

TT 21.1 Mon 15:00 A 151
Advanced MBE techniques for improved Bi2Se3 thin film
growth — eSARAH ScHMITT, PETER SCHUFFELGEN, ABDUR JALIL,
MICHAEL SCHLEENVOIGT, TOoBIAS ScHMITT, JoNAs KOLzZER, DANIEL
RosenBacH, THOMAS ScHAPERS, GREGOR MUSSLER, and DETLEV
GRUTZMACHER — Peter Griinberg Institut, Forschungszentrum Jiilich
& JARA Jilich-Aachen Research Alliance, D-52425 Jiilich, Germany

Topological Insulators (TIs) are semiconductors with an inverted bulk
band gap, but topologically protected states at their surface. The sur-
face states exhibit promising features, useful for example for spintronic
and quantum computing applications. In this study, we focus on the bi-
nary 3D TI Bi2Se3, which is unique due to its large bulk band gap and
its freestanding Dirac point that lies in between valence and conduc-
tion band. However, binary compounds suffer from high back ground
doping due to crystal defects in the bulk. To reduce defects in Bi2Se3,
the quality of the thin films grown by molecular beam epitaxy (MBE)
on Si(111) has been optimized. By varying the Bi, Se and substrate
temperature as well as using InP as alternative substrate. The best
conditions for low roughness, homogeneous domains and reduction of
defects were investigated.

For transport measurements Hall bar structures were designed. To
avoid defect formation during device fabrication, electrodes were de-
posited in-situ via stencil lithography. Still in-situ, the stencil mask
was removed and the thin film capped with a thin dielectric layer to
conserve the sample before taking it to ambient conditions. This tech-
nique allows the access to clean ultra-thin TI films by means of MBE.

TT 21.2 Mon 15:15 A 151
Interplay of Chiral and Helical states in a Quantum Spin Hall
Insulator Lateral Junction — eM. R. Cawvo'2® F. pr Juan?,
R. ILan?, E. J. Fox3, A. J. Bestwick3, P. LEUBNER?, J. WANG3,
C. Ames?, S. C. Zuana?, H. Bunmann?, L. W. MoLENKAMP3, and
D. GoLpHABER-GorDON* — 1CIC Nanogune, San Sebastian, Spain
— 2Unversity of California, Berkeley, USA — 3Stanford University,
Stanford, USA — “4Wuerzburg University, Wuerzburg, Germany —
5Ikerbasque, Basque Foundation for Science, Bilbao, Spain

We study the electronic transport across an electrostatically gated lat-
eral junction in a HgTe quantum well, a canonical 2D topological in-
sulator, with and without an applied magnetic field. We control the
carrier density inside and outside a junction region independently and
hence tune the number and nature of 1D edge modes propagating in
each of those regions. Outside the bulk gap, the magnetic field drives
the system to the quantum Hall regime, and chiral states propagate
at the edge. In this regime, we observe fractional plateaus that reflect
the equilibration between 1D chiral modes across the junction. As the
carrier density approaches zero in the central region and at moderate
fields, we observe oscillations in the resistance that we attribute to
Fabry-Perot interference in the helical states, enabled by the broken
time reversal symmetry. At higher fields, those oscillations disappear,
in agreement with the expected absence of helical states when band
inversion is lifted.

TT 21.3 Mon 15:30 A 151

Topological transport in dimer chains — eSiNaA BoOHLING!,
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Location: A 151

GEeorG ENGELHARDT!, GERNOT SCHALLER!, and GLORIA PLATERO?
— lInstitut fiir Theoretische Physik, Technische Universitiat Berlin,
Berlin, Germany — 2Instituto de Ciencia de Materiales de Madrid,
CSIC, Madrid, Spain

In many fields, dimer chains have aroused great interest - not least be-
cause of the emergence of topologically protected edge states, localized
to the two ends of the chain and promising lossless long-range transfer
of particles. [1] Our work provides insight into properties of a dimer
chain that is subject to dissipation. Applying an exact Green’s function
formalism applicable for any coupling strength, we investigate trans-
port properties of a finite Su-Schrieffer-Heeger model, a paradigmatic
model for a one-dimensional topological insulator, which is coupled to
fermionic reservoirs at its ends.

For long chains, we observe that current and noise strongly decrease
in the topologically non-trivial phase. This can be understood as a
topological fingerprint, namely the occupation of edge states which
are stronger coupled to the reservoirs than the conducting modes but
do hardly contribute to the transmission. We show how to exploit
this behavior to dissipatively prepare an edge state, while all other
modes are practically unoccupied. Moreover, we discuss thermody-
namic properties of the system by subjecting it to both, a potential
and a thermal gradient, and discover regimes where the chain serves
either as a heat engine or as a refrigerator.

[1] Bello, Creffield, Platero, Scientific Reports 6, 22562 (2016)

TT 21.4 Mon 15:45 A 151
—1 to +1 Hall conductivity transitions in HgTe

Direct
1,23 JAN BOTTCHERZ,

quantum wells — eWoOUTER BEUGELING

CuristorH BrONE!4, ANDREAS BUDEWITZ!, HARTMUT BUHMANN!,
EwgLINA M. HankiEwicz2, CRISTIANE MoRrals SMITH®?, and LAu-
RENS W. MoLENkaMP! — 1Physikalisches Institut (EP3), Universitéit
Wiirzburg, Wiirzburg, Germany — 2Institut fiir Theoretische Physik
und Astrophysik (TP4), Universitat Wiirzburg, Wiirzburg, Germany
— SLehrstuhl fiir Theoretische Physik I/II, Technische Universitit
Dortmund, Dortmund, Germany — *Department of Physics, Norwe-
gian University of Science and Technology, Trondheim, Norway —
5Institute for Theoretical Physics, Utrecht University, Utrecht, The
Netherlands

Mercury telluride (HgTe) quantum wells have been one of the primary
platforms for realization of topological states, due to its ‘inverted’ band
structure. Typically, transport measurements of HgTe quantum well
samples in a magnetic field show Hall quantization. The quantum
spin Hall effect manifests itself as a special type of ‘zero conductivity’
Landau plateau.

We present remarkable transport measurement results, where the
zero-conductivity plateau is absent, and where the Hall conductivity
jumps from —e?/h to e2/h directly. We provide a theoretical expla-
nation, connecting this exotic transition to the ‘second inversion’, i.e.,
between the first electron (E1) and second heavy-hole (H2) subbands.
We also discuss the effect of the exchange interaction induced by man-
ganese (Mn) doping.

TT 21.5 Mon 16:00 A 151

Parallel conduction channels in topological insulator thin



Berlin 2018 — TT

Monday

films: Determination of conductance through bulk, inter-
face and surface states — oSvEN JusT!:2, FELIX LUPKED2, PETER
ScHUFFELGEND2, TRisTAN HEIDERY2, VAsiLy CHEREPANOVY2 GRE-
Gor MussLErR!2, Lukasz Prucinski!'2, DETLEV GRUTZMACHERD?Z,
Craus M. Scunemer'?2, F. Steran Tautz'?, and BERT
VoicTLANDER Y2 — 1 JARA-FIT, Forschungszentrum Jiilich, Germany
— 2Peter Griinberg Institute (PGI-3, PGI-6, PGI-9), Forschungszen-
trum Jiilich, Germany

Topological insulator (TI) thin films can exhibit multiple parallel con-
duction channels for current transport. Beside the topological pro-
tected surface states (TSS) on top and bottom side of the film there can
be more parasitic channels, i.e. the interior (bulk) of the not perfectly
insulating T1I film, the interface layer and the substrate. It is a crucial
task to determine and minimize the influence of these parasitic paral-
lel channels on the total current transport for taking advantage of the
special TI properties in electronic devices. By using gate-dependent
surface-sensitive four-probe measurements performed with a multi-tip
STM and ARPES measurements in combination with theoretical cal-
culations of the near-surface band-bending in the TI thin film, it is
possible to disentangle the contributions of the different parallel con-
duction channels and to determine the conductivities of the interface
reconstruction and the film bulk, as well as the charge carrier densities
and mobilities of the top and bottom TSS for TI materials grown by
van-der-Waals epitaxy, e.g. the ternary system (Big.53Sbg.47)2Tes.

15 min. break.

TT 21.6 Mon 16:30 A 151

Quantum interference phenomena in selectively grown topo-

logical insulator nanoribbons — eJonas KoLzer!, DANIEL
RosenBacu!, Tosias Scumirr!, CurisTIAN WEeYRICH!, PETER
SCHUFFELGEN!, MICHAEL SCHLEENVOIGT!, SARAH ScHMITT!, AB-

pUR REHMAN JALIL!, GREGOR MUSSLER!, VINCENT SACKSTEDERZ,

DeTELEV CGRUTZMACHER', and Tnomas Scuipers! — 1PGI-9,
Forschungzentrum Jiilich and JARA-FIT, Germany — 2Royal Hol-
loway University of London, United Kingdom

Quantum topology offers a lot of intriguing physical phenomena and
has a huge potential to realize robust quantum computing. Selec-
tively deposited nano devices grown by means of molecular beam epi-
taxy (MBE) are a first step towards scalable topological insulator (TT)
quantum computation.

In order to probe the evidence of topologically protected surface
states, magneto conductance measurements are performed. In detail
we studied quantum interference effects in the magneto conductance
on selectively grown TI nanoribbons at low temperatures. From the
conductance modulations we could trace distinct electron paths using
FFT analysis in angular dependent measurements. Temperature de-
pendent measurements reveal the quantum nature of the oscillations
observed, since they vanish for increasing temperatures.

The next step in characterizing the material system will be to selec-
tively grow Aharonov-Bohm ring structures to characterize quantum
oscillations inside the van der Waals layer system.

TT 21.7 Mon 16:45 A 151
THz conductivity of charge puddles in the topological insu-
lator BSTS — eYu Mukal, SuQiN Hg, ZHIWET WANG, MARKUS
GRUNINGER, YoIicHI ANDO, and PaurL H. M. van LoosprecHT — 11,
Physikalisches Institut, Universitat zu Koln, Cologne, Germany
Strong Coulomb disorder in the compensation doped topological insu-
lator BiSbTeSez (BSTS) leads, at low temperatures, to the formation
of charge puddles and consequently a non-monotonic temperature de-
pendence of mid-infrared optical conductivity [1]. In contrast, the
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DC conductivity shows a monotonous decrease with temperature, as
expected for an insulator [1]. To experimentally reconcile these obser-
vations we performed time domain THz spectroscopy on BSTS over
the wide frequency range of 0.3 - 6 THz, thereby largely filling the
gap between the DC and mid-infrared experiments. We present the
temperature dependence of the conductivity spectrum in this energy
range and discuss contributions from the charge puddles and thermally
activated free carriers.
[1] Borgwardt et al., Phys. Rev. B 93, 245149 (2016).

TT 21.8 Mon 17:00 A 151
Topological design applied to the control of acoustic phonons
— oMARTIN EsmMANN, OMAR ORTI1Z, FABRICE R. LAMBERTI, PASCALE
SENELLART, ARISTIDE LEMAITRE, and DANIEL LANZILLOTTI-KIMURA
— CNRS Centre de Nanosciences et de Nanotechnologies (C2N), 91460
Marcoussis, France

The control and manipulation of acoustic phonons in the GHz-THz
range appears as a new resource in the engineering of nanodevices.
Here, we introduce the use of spatial mode symmetries of Bloch modes
in a semiconductor superlattice to confine and control the propagation
of phonons. We generate confined topological modes that are described
by topological invariants and a topological transition upon band gap
inversion [1]. This topological interface state between two finite size
superlattices of different topology is a concept readily extendable to
3D in micropillars [2,3].

We experimentally evidence such a topologically confined
nanophononic interface state in a planar structure both by coherent
phonon generation (pump-probe) measurements and high resolution
Raman scattering spectroscopy. Nanophononic topological interface
states like the ones presented here could be at the base of developing
single phonon sources, phononic sensors and phonon lasers, whose
optical counterparts all led to key advances in applied photonics.

[1] M. Xiao et al., Phys. Rev. X 4, 021017 (2014).

[2] F. R. Lamberti et al., Opt. Express 25, 24437-24447 (2017).

[3] M. Esmann et al., submitted (2017).

TT 21.9 Mon 17:15 A 151
Low-dimensional topological Josephson junctions on selec-
tively grown topological insulator nanoribbons — eToBiAs
W. ScumirT!, DaANIEL RosenBacH!, PETER SCHUFFELGEN!,
MIcHAEL ScHLEENvVOIGT!, ABDUR R. JaLiL!, Cuuan Li%2, GREk-
GorR MussLER!, STEFAN TRELLENKAMP!, ALEXANDER BRINKMANZ,
DeTLEV GRUTZMACHER!, and THoMAs ScHAPERs! — !Peter Griin-
berg Institute 9, Forschungszentrum Jilich & JARA-FIT, 52425
Jiilich, Germany — 2MESA+ Institute for Nanotechnology, Univer-

sity of Twente, 7500 AE Enschede, The Netherlands

At the interface of a topological insulator and a s-wave superconductor,
exotic Majorana modes are predicted to arise. In lateral topological
Josephson junctions comprised of two superconducting leads on top
of a topological insulator thin film, possible Majorana assisted trans-
port is expected to occur in addition to conventional Andreev bound
states. The latter superimpose the indications of Majorana excitations
in Shapiro response measurements and make their detection more dif-
ficult. As the number of conventional Andreev bound states depends
on the total number of conducting modes, their impact can be reduced
in low-dimensional Josephson junctions. In our recent work, we focus
on the realization of low-dimensional topological Josephson junctions
by (I) selectively depositing TI nanoribbons of reduced width and (II)
increasing of the Fermi wavelength by adjusting the Fermi level to the
Dirac point of the linear disperse surface states. Such junctions have
been prepared and characterized electrically at low temperatures, in-
cluding their Fraunhofer diffraction pattern and their Shapiro response.
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TT 22: Superconductivity: Topological Defects in Superconductors and Magnets (joint session
TT/MA)

Time: Monday 15:00-17:45

TT 22.1 Mon 15:00 HFT-FT 101
Topological domain walls in helimagnets — eLAUrRA KOHLER',
PEGaY SCHONHERRZ, JAN MULLER?, Naova KaNnazawa?, Y OSHINORI
Tokura%5, AcuiM Roscu?®, DENNIS MEIER®, and MARKUS GARsT!
— Mnstitut fiir Theoretische Physik, TU Dresden, Dresden, Germany
— 2Department of Materials, ETH Ziirich, Ziirich, Switzerland —
3Institut fiir Theoretische Physik, Universitit zu Kéln, Koln, Germany
— 4Department of Applied Physics, University of Tokyo, Tokyo, Japan
— SRIKEN Center for Emergent Matter Science (CEMS), Wako,
Japan — SDepartment of Materials Science and Engineering, NTNU,
Trondheim, Norway

The Dzyaloshinskii-Moriya interaction in chiral magnets stabilizes a
magnetic helix with a wavelength set by the spin-orbit coupling. We
study domain walls of helimagnetic order both theoretically and ex-
perimentally using micromagnetic simulations and magnetic force mi-
croscopy studies on surfaces of FeGe. We find that such domain walls
are distinctly different from those in ferromagnets and rather similar
to grain boundaries of liquid crystals. Three types of domain walls
are realized depending on the relative domain orientation: a curvature
wall, a zig-zag disclination wall and a dislocation wall. Disclinations
are vortex defects in the helix axis orientation, and they can be com-
bined to form dislocations. We discuss the topological skyrmion charge
associated with these dislocations which can be finite. This leads to
an emergent electrodynamics and thus a coupling to spin currents as
well as to a contribution to the topological Hall effect.

[1] P. Schonherr et al. arXiv1704.06288 (2017).

TT 22.2 Mon 15:15 HFT-FT 101
Nanoscale imaging of magnetic topological defects in heli-
magnetic FeGe — ePrccy SCcHONHERR!, JAN MULLERZ, LAURA
KouLEr3, Acuim Roscu?, Naova Kanazawa?, Yosur Tokura®®,
MANFRED FieBic!, Markus GarsT?, and DENNIs MEIER® — 1ETH
Ziirich, Switzerland — 2Universitéit zu Koln, Germany — 3Technische
Universitdt Dresden, Germany — 4University of Tokyo, Japan —
5Riken, Japan — SNTNU Trondheim, Norway

Complex spin textures, like helical spin spirals with a fixed wavelength,
can occur due to chiral magnetic interactions. Chiral magnets are a
striking nanoscopic analog to liquid crystals, possessing lamellar phases
and ordered topological defects. Defects are of great importance as
they strongly influence order and mobility of the spin system. Here, we
present magnetic force microscopy measurements in combination with
micromagnetic simulations, discussing the dynamics and interactions
of 1D and 2D objects with non-trivial topology in the helimagnetic
phase of FeGe. We show that the local magnetization dynamics are
strongly influenced by depinning and subsequent motion of edge dislo-
cations (1D). Their motion is part of a slow relaxation process, having
profound impact on the formation of the helical ground state. Other
1D objects that play an important role for the micromagnetism are so-
called 7 disclinations, which can form chains and build domain walls
that are distinctly different from classical antiferro- and ferromagnetic
domain walls. Thus, our microscopy data reveal a new multitude of
magnetic nano-objects with non-trivial topology going beyond the pre-
viously discussed skyrmions.

TT 22.3 Mon 15:30 HFT-FT 101
Mechanisms of nucleation of chiral bobbers in helical mag-
nets FENGSHAN ZHENGD2, eFiLipp N. RyBakov3, ALEK-
sANDR B. Borisov?, DonasHENG SoNG®, SHasHA Wanc®7, Zi-
AN Li®%, Harrene Du%7, Nikorar S. KiseLev?, Jan Caron'»2,
AnDRAs Kovics!2, Minariane Tian®7, Yureng Zuanc® 7, STe-
FAN BLUGEL?, and RaraL E. Dunin-Borkowskil:?2 1Ernst
Ruska-Centre for Microscopy and Spectroscopy with Electrons,
Forschungszentrum Jiilich, Germany — 2Peter Griinberg Institut,
Forschungszentrum Jiilich, Germany — 3Department of Physics,
KTH-Royal Institute of Technology, Stockholm, Sweden — 4M.N. Mi-
heev Institute of Metal Physics, Ekaterinburg, Russia — ®National
Center for Electron Microscopy in Beijing, Tsinghua University, China
— 6High Magnetic Field Laboratory, Hefei, China — 7Collaborative
Innovation Center of Advanced Microstructures, Nanjing University,
China — 3Institute of Physics, Beijing, China,

Magnetic chiral bobbers are stable particlelike states that represent a
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skyrmion texture combined with Bloch point [1]. Recently they were
discovered experimentally in B20-type FeGe compound [2|. Here we
present the detailed description on different mechanisms of nucleation
of chiral bobbers which were revealed theoretically and then confirmed
in experiments with FeGe specimens. The discussed mechanisms rep-
resent general phenomena and can be applied to a variety of other
chiral magnetic compounds.

[1] F.N. Rybakov et al. PRL 115, 117201 (2015).

[2] F. Zheng et al. arXiv:1706.04654 (2017).

TT 22.4 Mon 15:45 HFT-FT 101
Skyrmion optical creation/annihilation in a chiral mag-
net — eGABRIELE BERRUTO!, IvAN MAaDAN!, YosuiE Murookal,
GiovaNNT  MaRria  VanNacore!, Enxrico Pomarico!, DaMIEN
McGRouTHER?, YosHiHIKo Tocawa?, HEINRIK RonNow!, and FAB-
r1zio CARBONE! — llnstitute of Physics, EPFL, Lausanne, Switzer-

land — 2SUPA, University of Glasgow, United Kingdom

We show that single light pulses of different duration and color can
create and annihilate skyrmions for a broad range of parameters in the
magnetic phase diagram of a 50 nm-thick slab of FeGe, a prototypical
chiral magnet. Using a combination of camera-rate and ns pump-probe
cryo-Lorentz Transmission Electron Microscopy, we directly resolve the
spatio-temporal evolution of the magnetization ensuing (fs and ns) op-
tical excitation. When we excite optically the skyrmion lattice, its
structural parameters are not modified, only the magnetization being
affected: it transiently decreases, and recovers to the initial value over
long (us) time scales, reflecting the important role of the cooling rate of
the system. Contrary to previously reported cases in different systems,
in our experiment the skyrmions are not created via a transient de-
magnetized (paramagnetic) state. The laser pulses transiently heat the
system, driving it into a region of the phase diagram where the appear-
ance of skyrmions is strongly favored, but still staying far below the
Curie temperature. The system then supercools down to base temper-
ature, and skyrmions remain frozen into their (meta)stable state. The
skyrmion topological charge is injected from geometric edges, defects,
and magnetic boundaries.

TT 22.5 Mon 16:00 HFT-FT 101

Coupling of magnetic flux quanta to tunable domain struc-
tures in superconductor/ferromagnet bilayers with vary-

ing Dzyaloshinskii-Moriya interaction — ePALERMO XAVIER!,

SamoknvaLov ALEXEI?, CoLLIN SopHIE!, BouzeEHOUANE KARiM!,
SANTAMARIA JacoBo!, SANDER ANKE!, REYREN Nicoras!, Cros
ViNceNT!, BuzpIN ALEXANDER?, and VILLEGAs Javier E.1 —
1Unité Mixte de Physique CNRS-Thales, Palaiseau, France —
2Laboratoire Ondes et Matiére d’Aquitaine (LOMA), Talence, France

— 3N.Novgorod, Russia

We study magneto-transport in hybrids combining superconducting
films with magnetic multilayers in which varying the stacking se-
quence (e.g. Co/Pt vs. Ir/Co/Pt) allows tailoring the interfacial
Dzyaloshinskii-Moriya interaction, and the characteristics of the mag-
netic domain structure. The magnetoresistance in the superconducting
state shows a strong hysteresis, which is observed during the magneti-
zation reversal and closely follows the reversal details. This behavior
is in stark contrast with that expected for a plain superconducting
film, and is strongly dependent on the size and morphology of the do-
main structure (presence of wormlike or skyrmion structures). The
results can be understood in terms of mutual interaction between flux
quanta and the local magnetization, which modifies vortex nucleation
and mobility, and possibly the magnetic structure in the ferromagnets.

Work supported by the ERC grant N 64710 and French ANR grant
ANR-15-CE24- 0008-01

TT 22.6 Mon 16:15 HFT-FT 101

Interactions between superconductor-ferromagnet thin
films — eANNIKA STELLHORN!, ANIRBAN SARKAR!, EMMANUEL
KENTZINGER!, SONJA SCHRODER!, GRIGOL ABULADZE', MARKUS
Wascuk!, PaTrick ScHOFFMANNZ,  ZuenponGg Fu?, VitaLry
Preicu?, and Twuomas Broicker!'? — lForschungszentrum Jiilich
GmbH, Jiilich Centre for Neutron Science (JCNS-2) and Peter Griin-

berg Institut (PGI-4), JARA-FIT, 52425 Jilich GERMANY —
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2Forschungszentrum Jiilich GmbH, Jiilich Centre for Neutron Science
at MLZ, Lichtenbergstr. 1, 85748 Garching Germany

Interactions at superconductor-ferromagnet (S/F) interfaces have been
studied on a prototype Nb (S)/ FePd (F) system. Our goal is to under-
stand the proximity effects of FePd with different strength of perpen-
dicular magnetic anisotropy (PMA) and magnetic domain texture on
the superconducting Nb layer. Proximity effects at S/F interfaces with
an inhomogeneous magnetic field texture result in various effects, like
domain-wall superconductivity and long-ranged triplet cooper pairs in
the F-layer, making them good candidates for superconducting spin-
tronics. Epitaxial heterostructures of Nb/FePd are prepared on MgO
(001) substrate using Molecular Beam Epitaxy. Magnetic Force Mi-
croscopy images of FePd grown by shuttered growth reveal a striped
domain structure. Macroscopic magnetization measurements show
weak PMA. However, co-deposition of FePd at varying temperatures
results in different strength of PMA. Grazing-Incidence-Small-Angle-
Neutron-Scattering reveals the depth profile of the magnetization in
the heterostructure.

15 min. break.

TT 22.7 Mon 16:45 HFT-FT 101
Giant non-local vortex motion in WC nanowires grown by
Ga-+ focused ion beam deposition — eRosa Corposal:2, Josi
Maria D Teresal'23 Ricarpo IBARRAZ3, ISABEL GUILLAMON?,
HERMANN SUDEROW?, SEBASTIAN VIEIRA?, and JAvIER SESE?:3
Hnstituto de Ciencia de Materiales de Aragon (ICMA), CSIC-UZ,
Spain — ?Departamento de Fisica de la Materia Condensada, Univer-
sidad de Zaragoza, Spain — 3Laboratorio de Microscopias Avanzadas,
Instituto de Nanociencia de Aragon, UZ — *Departamento de Fisica
de la Materia Condensada, Universidad Auténoma de Madrid, Spain

In this contribution, we propose an unconventional route to transfer
vortices as single particles through long distances (in the microme-
ters range), within WC nanowires (50 nm in width), taking profit of
current-induced non-local vortex motion [1]. By reducing the lateral
dimensions of wires near superconducting coherence length of the ma-
terial, we measured a giant non-local electrical signal which is 40 times
higher than those reported for wider wires of other superconductors.
Comparing the non-local electrical signal in WC wires of different di-
mensions, we found that the signal for 50 nm-wide WC nanowires is
nearly two orders of magnitude higher than for the 200 nm-wide WC
ones. The measured giant non-local signal in the former strongly con-
firms that the vortex line is more rigid than the vortex lattice in wider
wires due to its quasi-1D character and its confinement potential that
prevents the transversal vortex displacements.

[1] R. Cérdoba et al. manuscript submitted to Applied Physics Let-
ters.

TT 22.8 Mon 17:00 HFT-FT 101

Unusual critical state and vortex commensurability in
cuprate superconductors with regular topological de-
fects — eWoLFcaNG Lanc!, Georc ZEecHNER!, KRISTIJAN L.

MLETscHNIG!, FLORIAN JAUSNER!, MEIRZHAN DosMAILOVZ, MARIUS
A. Bopea?, and JonanNes D. PeEpaRNIG? — ! University of Vienna,
Faculty of Physics, Wien, Austria — 2Johannes-Kepler-University
Linz, Institute of Applied Physics, Linz, Austria

The interaction of vortices with artificial defects in a superconductor is
a vibrant topic in experimental and theoretical research, but also im-
portant for its prospects of technical applications. The advantage of
a higher operation temperature in YBagCu3zOr_s (YBCO) is opposed
by the demand for advanced nanopatterning methods. To this end,
YBCO thin films are irradiated with He™ ions by shadow projection
through a Si stencil mask to create a square array of columnar defect
regions of 180 nm diameter and 300 nm lattice constant. Peaks of the
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critical current as a function of the applied magnetic field reveal the
commensurate trapping of vortices in domains near the edges of the
sample. Upon ramping an external magnetic field, an unconventional
critical state emerges that is characterized by a pronounced hystere-
sis and different positions of the critical current peaks in virgin and
field-saturated down-sweep curves, respectively. Interestingly, the dis-
tances of the various peaks in a sweep remain constant and correspond
exactly to the matching field. The observations are interpreted as a
nonuniform, terrace-like critical state, in which individual domains are
occupied by a fixed number of vortices per pinning site.

TT 22.9 Mon 17:15 HFT-FT 101
Vortex motion and change inside the superconducting phase
of the ferromagnetic superconductor UCoGe — eBriLUN Wul,
Da1 Aoki?3, and JeEaN-PascaL Brison? — !Universidad Autonoma,
de Madrid, Spain — 2CEA /University of Grenoble Alps, France —
3Tohoku University, Japan

Ferromagnetic superconductors can show equal spin pairing supercon-
ductivity, in form, for example, of a p-wave pair wave function. Among
the different candidates, the U-based single crystalline systems stand
out because of the real coexistence between the superconducting and
ferromagnetic order, and their numerous interesting properties, such as
the unusual upper critical field and the field-induced re-entrant super-
conductivity. Recent measurements show that superconductive pairing
is remarkably sensitive to the external magnetic field. However, it is
unknown if the magnetic field induces strong difference in the pairing
interaction in different parts of the phase diagram. Here we address
this issue by a combined study of thermal and electrical transport in
UCoGe, under magnetic field up to 15T. We observe that the resistive
transition width considerably sharpens in the high field region. In ad-
dition, it lies at a lower temperature than the bulk transition observed
in the thermal conductance. This shows strongly enhanced vortex mo-
bility in this high field region, in which a freezing transition from a
vortex liquid to a glass-like or solid lattice might occur. Meanwhile a
sudden change in thermal conductivity is observed inside the supercon-
ducting phase. Altogether these results suggest a field-induced change
in the superconducting phase. *supported by ERC Pnicteyes

TT 22.10 Mon 17:30 HFT-FT 101
Domain formation in the type-II/1 superconductor nio-
bium — eALEXANDER Backs!2, Tommy REMANNDZ, MICHAEL
ScuuLz!?, VitaLry Prpicu!3, SEBASTIAN MUHLBAUER!, and PE-
TER BONI1Z — Heinz Maier-Leibnitz Zentrum, Garching, Germany —
2Physik-Department E21, Technische Universitit Miinchen, Garching,

Germany — 3Jiilich Center for Neutron Research, Jiilich, Germany

In type-II/1 superconductors, an attractive interaction between single
magnetic vortices leads to the formation of a magnetic domain struc-
ture, denoted intermediate mixed state (IMS). The IMS is made up of
flux free domains and regions containing a vortex lattice (VL) [1].
We have studied the nucleation and morphology of the IMS in the
type-11/1 s-wave superconductor niobium [1] [2] with a combination of
small and ultra small angle neutron scattering and neutron grating in-
terferometry to gain information about the VL, the IMS domains and
their spatial distribution, respectively. In the case of strong pinning,
the magnetic structure changes from a homogeneous VL into clustered
domains upon field cooling. This phase separation sets in below the
freezing transition of the VL, thereby demonstrating how vortex pin-
ning can be overcome on a local scale while macroscopically retaining
it. The IMS scattering function shows strong similarities to the model
of spinodal decomposition where the usual time dependence is implicit
in the cooling process.
[1] E. H. Brandt and M. P. Das, Journal of Superconductivity and
Novel Magnetism 24, 57 (2011)
[2] T. Reimann et al., Nat. Commun.6, 8813 (2015)
[3] T. Reimann et al., Phys. Rev. B 96, 144506 (2017)
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TT 23: Graphene: Adsorption, Intercalation and Doping | (joint session O/TT)

Time: Monday 15:00-16:30

TT 23.1 Mon 15:00 MA 043
graphene: possible
nisms — eMikorLas Lewanpowski!, Ewa MAaDEJ2, ZYGMUNT
Mirosz!, Dorota WILGOCKA-SLEZAKZ, MicHAL HERMANOwICZS,
Nika Spiripis?, JozerF Korecki?, STEFAN JURGA!, and FELIKS
StoBiEckI! — NanoBioMedical Centre, Adam Mickiewicz University,
Umultowska 85, 61-614 Poznan, Poland — 2Jerzy Haber Institute of
Catalysis and Surface Chemistry, Polish Academy of Sciences, Nieza-
pominajek 8, 30-239 Krakow, Poland — 3Institute of Physics, Poznan

University of Technology, Piotrowo 3, 60-965 Poznan, Poland

Intercalation of epitaxial mecha-

Intercalation of epitaxial graphene (EG) with atoms of various ele-
ments may modify EG’s structure and electronic properties, which is
related both to the weakening of the graphene-support interaction, as
well as the interaction of graphene with the intercalated material. We
used scanning tunneling microscopy (STM), low energy electron mi-
croscopy (LEEM) and low energy electron diffraction (LEED) to study
the mechanisms of intercalation of epitaxial graphene (EG) grown on
Ru(0001) by thermal decomposition of ethylene (CoHy4). The results
revealed direct influence of graphene’s preparation method on its struc-
ture and the intercalation mechanisms. The experimental results were
supported by theoretical ab initio calculations.

Acknowledgment: The work was financially supported by
the National Science Centre of Poland (OPUS project No.
2014/15/B/ST3/02927).

TT 23.2 Mon 15:15 MA 043
Modification of the graphene/SiC(0001) interface by inter-

calation of antimony — eSusaNnNE WoOLFF!, FLORIAN SpECk!,

MARTINA WANKE!, FELIX TIMMERMANN?, MANFRED ALBRECHTZ,
and THoMAs SEYLLER! — lProfessur fiir Technische Physik, TU
Chemnitz, Reichenhainer Str. 70, D-09126 Chemnitz, Germany —
2Lehrstuhl fiir Experimentalphysik IV, Universitat Augsburg, Univer-

sitdtsstr. 1 Nord, D-86159 Augsburg, Germany

Sublimation growth of graphene on SiC(0001) in argon atmosphere is
a well-established method for the preparation of graphene. The first
grown carbon layer is partially covalently bound to the Si atoms of the
substrate. This so-called buffer layer lacks the electronic properties of
graphene. A decoupling of the buffer layer from the SiC substrate can
be achieved by intercalation, resulting in quasi-freestanding graphene,
with electronic properties tuned by the choice of the intercalant.

We use x-ray photoelectron spectroscopy and angle-resolved photo-
electron spectroscopy to investigate the intercalation of antimony. An-
timony was deposited on the buffer layer by molecular beam epitaxy.
Subsequent annealing in argon at atmospheric pressure results in an
intercalation of metallic and oxidized antimony. A pre-intercalation an-
nealing in argon enables an intercalation of metallic antimony only, re-
sulting in a moderate n-type doping of the quasi-freestanding graphene.

TT 23.3 Mon 15:30 MA 043
Sulfur intercalation underneath single-layer graphene on
Ru(0001) — eLars Buss!, Morirz Ewerr!'2, Jens Faural:2, and
Jan Inco FrLege!? — lInstitute for Solid State Physics, University
of Bremen, Germany — 2MAPEX Center for Materials and Processes,
University of Bremen, Germany

The strong binding of epitaxially grown single-layer graphene to a wide
range of transition metals has detrimental influence on its electronic
properties. However, by lifting the interlayer coupling, e.g., via inter-
calation routes, its unique electronic properties can be restored. We
have investigated the interaction of sulfur with single-layer graphene
grown on Ru(0001) by ethylene exposure under UHV conditions with
in situ low-energy electron microscopy (LEEM) and micro-diffraction
(LLEED). At elevated temperature and under dimethyl disulfide back-
ground pressure, we observe that sulfur intercalates through the open
edges of the graphene islands and proceeds along the substrate steps.
Prolonged exposure to sulfur is also seen to induce cracking of the
graphene islands perpendicular to the substrate steps, consistent with
substantial relief of tensile strain after successful sulfur insertion under-
neath the graphene. This interpretation is backed by pLEED patterns
collected from single graphene islands that consist of an incoherent
superposition of the LEED patterns observed individually for pure
graphene as well as pure sulfur adsorption on the clean Ru surface,
indicating that the graphene layer is virtually decoupled from the sub-
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strate.

TT 23.4 Mon 15:45 MA 043
Photoemission study of the intercalation of transition metals
underneath graphene on silicon carbide — eRicHArRD HONIG,
PuiLipp ESPETER, PETER RoESE, KArRiM SHAMouUT, ULF BERGES,
and CARSTEN WESTPHAL — Experimentelle Physik I, TU Dortmund,
Otto-Hahn-Strasse 4a, 44227 Dortmund, Germany

Silicon carbide (SiC) is among the most promising substrates on the
route to real-life graphene (G) applications. While the basic properties
of G/SiC were well elucidated during the past decade, present research
is focused on G/SiC as a building block of multilayer systems. In our
study we analyze the interaction of G/SiC with magnetic transition
metals in order to explore the potential for spintronic applications.
Here, cobalt and nickel are most interesting due to a well-matched
lattice constant.

The 6H-SiC(0001) samples are prepared by annealing in argon gas
at atmospheric pressure leading to large-area growth. Then the sam-
ple is covered with thin transition metal films with thicknesses up
to a few nanometers. Our main characterization methods are thresh-
old photoemission electron microscopy (PEEM) and synchrotron based
photoelectron spectroscopy (PES).

‘We performed a film thickness and temperature dependent study for
Co on G/SiC and will present series of PEEM images acquired during
in-situ sample annealing. Furthermore, on the basis of PES spectra we
discuss the electronic structure of our sample system. Finally, we are
looking forward to present first PEEM images of this sample system
acquired with circularly polarized soft x-rays.

TT 23.5 Mon 16:00 MA 043
Decoupling of the graphene/ferromagnet interface by gold
intercalation: Effect on optical constants — eCHRISTINE
Jansing!, Hans-CurisTorH MERTINS!, MARKUS GILBERT!, MAXIM
KRIVENKOVZ, ANDREI VARYKHALOVZ, OLIVER RADER2, ANDREAS
Gaupp?, ANDREY SokoLovZ, Hup Wanag?, Heiko TimMmERs3, Do-
MINIK LEcuT?, and PETER M. OPPENEER® — ! Miinster University of
Applied Sciences, Stegerwaldstr. 39, D-48565 Steinfurt — 2Helmholtz-
Zentrum Berlin fiir Materialien und Energie, Albert Einstein Str. 15,
D-12489 Berlin — 3University of New South Wales, Canberra, ACT
2600, Australia — 4IT4Innovations Center, VSB-Technical University
of Ostrava, CZ-708 33 Ostrava, Czech Republic — ®Department of
Physics and Astronomy, Uppsala University, S-75120 Uppsala, Swe-
den

X-ray absorption and reflectance spectroscopy of linearly polarized
synchrotron radiation across the carbon 1s edge of graphene/Co/W
and graphene/Ni/W is utilized to investigate the effect of gold in-
tercalation on the complex optical constants of these systems. The
p--orbitals of graphene hybridize strongly with the 3d states of the
ferromagnetic substrate. Hybridization effects can be reduced by in-
tercalation of gold which also leads to a change in the optical constants.
A complete set of optical constants was determined, describing the 7*-
and o*- resonances of graphene. The absorption index k was directly
deduced from the measured absorption spectra whereas the refractive
index n has been extracted from k via a Kramers-Kronig transforma-
tion. Based on these optical constants reflection spectra have been
simulated that are in good agreement with our experimental data.

TT 23.6 Mon 16:15 MA 043
Graphene protected surface state on Ir(111) with adsorbed
lithium — ePrEDrRAG Lazic! and PETarR PErRVAN? — l1Rudjer
Boskovic Institute, Zagreb, Croatia — 2Institute of Physics, Zagreb,
Croatia

It is well known that electronic surface states get strongly perturbed
upon the chemical adsorption of very small amount of adsorbates. Ad-
sorption of lithium atoms on Ir(111) is no expection to that rule. Irid-
ium surface state get strongly perturbed and is practically eradicated
- it can not be seen as a sharp peak in the ARPES measurement.
However, if the graphene is added on top of Ir/Li system the iridum
surface state magically reapears. We present a combined experimental
and theoretical study of the described system. Using the density fun-
cional theory calculations for large unit cells with disordered lithium
atoms geometries on the (111) surface of iridium we were able to re-
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produce the results of the ARPES measurements -showing clearly that
the surface state signal is strongly suppresed when lithium is adsorbed,
while it is almost unchanged when lithium is intercalated (i.e. with
graphene on top of it). Looking at the projected density of states

we constructed a rather simple model explaining this behavior which
seems to be general.

TT 24: Graphene: Adsorption, Intercalation and Doping Il (joint session O/TT)

Time: Monday 16:45-18:15

TT 24.1 Mon 16:45 MA 043
Initial investigation of the coexistence of different struc-
tural conformations, obtained via high temperature deposi-
tion of PbPc on epitaxial graphene grown on 6H-SiC(0001) —
oCHITRAN GHOSALY2, SAMIR MaMMAaDOV!, MARTINA WANKE!, FLO-
RIAN SpEck!, THoMAS SEYLLER!, and CHRISTOPH TEGENKAMPZ —
IProfessorship of Technical Physics, Institute of Physics, TU-Chemnitz
— 2Professorship of Solid Surfaces Analysis, Institute of Physics, TU-
Chemnitz

Epitaxial deposition is one of the well documented ways of doping of
graphene[l]. Therefore, it is crucial to be able to study the different
possible structural configurations that can be obtained via the deposi-
tion techniques.

This study deals with the analysis of different periodic structures
obtained via the deposition of PbPc on epitaxial graphene, which was
grown on 6H-SiC(0001) surfaces. The graphene was characterized by
LEED and high resolution XPS measurements as well as STM. PbPc
molecules were deposited afterwards at high temperatures of around
330degC and densely packed molecular films were grown under UHV
conditions. Fourier analysis of large scale STM images revealed the
coexistence of two non-orthogonal lattice structures (1.2nm X 1.6nm)
and (1.35nm X 1.4nm) forming different islands separated by grain
boundaries in between. The variability of the structures underlines
the weak interaction of the PbPc molecules with the substrate.

[1] I. Gierz, C. Riedl, U. Starke, C. R. Ast, and K. Kern, Nano Lett.
8, 4603 (2008).

TT 24.2 Mon 17:00 MA 043
Investigation of PbPc self-assembly on graphene: Atomic
resolution and spectroscopy data — eNuHunc Ncuven'2, Ha
Ncuven!, and CurisTorH TEGENKAMP! — 'TU Chemnitz — 2Duy
Tan University, Vietnam

Shuttlecock-like lead-Phthalocyanine (PbPc) with its two equivalent
stable up- and down states corresponding to ON/OFF switch is used
for high density data storage of three- orders-magnitude capability
higher than the present high density storage materials capability [1].
In addition, absorption of organic molecules on graphene surface due
to the charge transfer mechanism between them is one of the promising
methods to break the symmetries in graphene, localize the electronic
states toward open a bandgap, which makes graphene useful as a nano-
electronics material [2]. Here the self-assembly of PbPc on one mono-
layer graphene/SiC surface is investigated by means of scanning tun-
neling microscopy and spectroscopy (STM/STS) in ultra-high vacuum.
Due to the weak molecule-substrate interaction as well as the thermo-
dynamic stability, shuttlecock PbPc molecules are only deposited with
Pb atom pointing upward (face-up) into the first monolayer, but face-
up or face-down states appear randomly on the second layer. The oc-
cupied and unoccupied orbitals of PbPc on graphene are distinguished
intuitively. The influences of surface coverage, substrate temperature
and substrate properties (buffer layer and quasi-free-standing graphene
substrates) on self-assembly of PbPc will be discussed. [1] Phys Chem
Chem Phys., 2015, 17,23651. [2] PhysRevB., 2009, 80, 033404.

TT 24.3 Mon 17:15 MA 043
Physical adsorption on graphene: from ultra-long ranged at-
traction to full screening of weakly interacting substrates —
e ALBERTO AMBROSETTI and PIER LUIGI SILVESTRELLI — via Marzolo
8, 35131 Padova, Italy

The Lifshitz-Zaremba-Kohn (LZK) theory is commonly regarded as the
correct large-distance limit for the van der Waals (vdW) interactions
between adsorbates and solid substrates. However, recent experiments
are challenging the universality of the LZK theory over a broad spec-
trum of nanoscale materials. By overcoming the conventional local
permittivity approximation, here we demonstrate that physical ad-
sorption on graphene and other low-dimensional materials can exhibit

51

Location: MA 043

highly non-trivial features. Substrate-adsorbate vdW interactions can
be extremely long-ranged and externally tunable. Moreover, graphene
can effectively screen weakly interacting supporting substrates, emerg-
ing as an effective tool for the experimental modulation of adsorption
processes.

TT 24.4 Mon 17:30 MA 043
Advances in ultra-low energy ion implantation of low di-
mensional materials — eHans HorsAss and MANUEL AUGE —
II. Physikalisches Institut, Universitdt Gottingen, Germany

Doping of 2D materials by ion implantation has unique requirements
regarding ion energy, ion energy spread, ion beam optics, sample prepa-
ration and sample electrical conductivity. Efficient incorporation of
low energy ions into 2D lattices requires energies well below 50 eV.
We use a 30 keV mass selected ion beam, guided through differential
pumping stages and homogenized by a beam sweep. The beam is then
decelerated in a UHV-chamber down to energies as low as 10 eV onto
an area of 1 cm? up to 2.5 cm?. Up to now ion sources are available
for B, C, N ,F, P, S, Mn, Se, W and Au ions. Ion sources for ele-
ments Al, Fe, As and rare earth elements are under development. The
implanted areal concentration and elemental composition are verified
with in-situ Auger spectroscopy and more quantitative with Ruther-
ford backscattering by implanting into amorphous carbon films as test
samples. The detection limit is below 1*10'* ions/cm? for heavier el-
ements. Implanted B can be analyzed with the 11]3(p,204)0¢ nuclear
reaction with a detection limit of about 1*10'* B/cm?. Challenges
for ULE ion implantation such as non-flat substrates, charging of sub-
strates, cleaning of surfaces and lateral controlled implantation will be
briefly discussed. Some examples for doped graphene and MoSsy are
presented

TT 24.5 Mon 17:45 MA 043
growth of fe304 nanorod arrays on graphene sheets for ap-
plication in electromagnetic absorption fields — eHuANMING
zuaNGg!, MIN zHoU!, vaNe xul, snipu xul, yuJIN cHEN?, and voNG
LEr! — lInstitute fiir Physics & IMN MacroNano (ZIK), Technische
Universitét Ilmenau, 98693 Ilmenau, Germany — 2Key Laboratory of
In-Fiber Integrated Optics, Ministry of Education, College of Science,
Harbin Engineering University, 150001 Harbin, China

A facial strategy is developed to fabricate a three-dimensional (3D)
Fe304 nanorod array/graphene architecture, in which Fe304 nanorods
with a length and diameter of about 600 and 100 nm, respectively, are
grown on both surfaces of the graphene sheets. The measured electro-
magnetic parameters show that the 3D architecture exhibits excellent
electromagnetic wave-absorption properties, that is, more than 99*%
of electromagnetic wave energy can be attenuated by the 3D archi-
tecture if it is added in only 20 wt*% of the paraffin matrix, as the
thickness of the absorber is in the range from 2.38 to 5.00 mm. The
analysis of the electromagnetic (EM) absorption mechanism reveals
that the excellent EM absorption properties are related to the special
3D architecture, and therefore, the construction of graphene-based 3D
heteronanostructures is effective in obtaining lightweight EM absorbers
with strong absorption properties.

TT 24.6 Mon 18:00 MA 043
Continuous in-plane graphene-hexagonal boron nitride layer
from a single molecular precursor — eFEDERICA BoNnDINO!,
Sivia Nappint', Icor Pish2, TeEvrik ONUR MENTES2, ALESSAN-
DRO SALA2, ANDREA LOCATELLI?, STEFANO AcGNoOLI®, MATTIA
CarTeLan3, and ELEna Macanano! — 1IOM-CNR, Laboratorio
TASC, S.S. 14-km 163.5, 34149 Basovizza, Trieste, Italy — 2Elettra -
Sincrotrone Trieste S.C.p.A., S.S. 14-km 163.5, 34149 Basovizza, Tri-
este, Italy — 3Department of Chemical Sciences, University of Padua,
Padova 35131, Italy

We will show that it is possible to grow a continuous sp2 hybridized
material composed by graphene and hexagonal-boron nitride (h-BNG)
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in the same two dimensional sheet with the thermal decomposition of a
single molecular precursor [1,2]. This surface-synthesis route allows an
easy and controlled preparation of an high-quality h-BNG monolayer
on the surface of several substrates. The temperature is the principal
parameter to selectively grow the h-BNG layer in competition with
hybridized B-C-N layers. The reactivity and the confinement of metal
nanostructures in the interface between h-BNG and its solid substrate

will be discussed in comparison with graphene. Basic processes, chem-
ical composition, substrate interaction and changes accompanying the
growth and intercalation process will be discussed based on results
obtained by synchrotron radiation experimental techniques, such as
high-resolution X-ray photoelectron spectroscopy and microscopy and
X-ray absorption spectroscopy. 1. S. Nappini et al. Adv.Funct.Mater.
26, 1120 (2016). 2. S. Nappini et al. Carbon 120, 185 (2017).

TT 25: Frontiers of Electronic-Structure Theory: Correlated Electron Materials Il (joint
session O/MM/DS/TT/CPP)

Organizers: Silke Biermann, Ecole Polytechnique, Palaiseau cedex, France; Paul R. Kent, Oak Ridge
National Laboratory, USA; Matthias Scheffler, Fritz-Haber-Institut der Max-Planck-Gesellschaft, Berlin

(Synopsis provided with part I of this session)
Time: Monday 15:00-17:15

TT 25.1 Mon 15:00 HL 001
Non-adiabatic Dynamics in Single-Electron Tunneling De-
vices with Time-Dependent Density Functional Theory —
oNikLas DrrrMann!2:3 JANINE SpLETTSTOESSER?, and NICOLE
HeLbic® — lInstitute for Theory of Statistical Physics, RWTH
Aachen University, Germany — 2Department of Microtechnology and
Nanoscience (MC2), Chalmers University of Technology, Gothenburg,
Sweden — 3Peter-Griinberg Institut and Institute for Advanced Sim-
ulation, Forschungszentrum Jiilich, Germany

The recent advance of various single-electron sources in solid-state
setups has sparked interest in the investigation of electronic trans-
port at the single-particle level. In our recent work (N. Dittmann,
J. Splettstoesser, N. Helbig, arxiv:1706.04547), we put forward time-
dependent density-functional theory to calculate the dynamics of in-
teracting electrons in single-electron tunneling devices. As a physical
system, we analyze a single-electron source which is built by a quantum
dot tunnel-coupled to a nearby electron reservoir and driven by a time-
dependent gate voltage. By using analogies with quantum-transport
theory, we extract a time-nonlocal exchange-correlation potential for
a Hubbard U on-site interaction on the quantum dot. The time non-
locality manifests itself in a dynamical potential step, which we explic-
itly link to physical relaxation time scales of the electron dynamics.
Finally, we discuss prospects for simulations of larger mesoscopic sys-
tems.

TT 25.2 Mon 15:15 HL 001
Dissipative exchange-correlation functional in QED-TDDFT
— oCaMILLA PrELLEGRINI!, ILyA TokaTLy?3, and ANceEL Rusio?4
— IMax-Planck-Institut fur Mikrostrukturphysik, Weinberg 2, D-
06120 Halle, Germany — 2Nano-bio Spectroscopy Group and ETSF
Scientific Development Centre, Departamento de Fisica de Materiales,
Universidad del Pais Vasco UPV/EHU, E-20018 San Sebastian, Spain
— 3IKERBASQUE, Basque Foundation for Science, 48001 Bilbao,
Spain — “Max Planck Institute for the Structure and the Dynamics
of Matter, Luruper Chausse 149, 22761 Hamburg, Germany

Time-dependent density functional theory has been recently extended
to treat many-electron systems coupled to quantized electromagnetic
modes. Here we discuss the implications of this approach for the theory
of open quantum systems. In particular we show that in the limit of
continuous spectrum of photon modes, QED-TDDFT naturally leads
to time-dependent density functional theory for dissipative systems
coupled to the Caldeira-Leggett bath. We consider the application to
the Ohmic spin boson model and show that the developed approx-
imation to the exchange-correlation functional describes the natural
linewidth of the electronic linear density response function.

TT 25.3 Mon 15:30 HL 001
Electric and magnetic response properties of solids from
the current density — eRuUBEN RoDRiGUEzZ FERRADAS!, PiNna
RomaNIELLO2, and ARriaN Bercer! — I1LCPQ, University of

Toulouse, France — 2LPT, University of Toulouse, France

The evaluation of the macroscopic polarization and magnetization of
solids is problematic when periodic boundary conditions are used be-
cause surface effects are artificially removed. This poses a problem
unless surface effects can be reformulated in terms of bulk quantities
[1-5]. In this work we show the advantage of calculating electric and
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magnetic response properties of solids using the current density as basic
variable. An efficient approach to calculate the current density is time-
dependent current-density-functional theory. We will show results for
optical properties of solids using a recently developed functional [6].
We will also discuss how the magnetization can be described within
this framework.

[1] F. Kootstra, P.L. de Boeij, and J.G. Snijders, J. Chem. Phys.
112, 6517.

[2] J.A. Berger, P.L. de Boeij, and R. van Leeuwen, Phys. Rev. B
71, 155104 (2005).

[3] P. Romaniello and P.L. de Boeij, Phys. Rev. B 71, 155108 (2005).

[4] J.A. Berger, P. Romaniello, R. van Leeuwen, and P.L. de Boeij,
Phys. Rev. B 74, 245117 (2006).

[5] J.A. Berger, P.L. de Boeij, and R. van Leeuwen, Phys. Rev. B
75, 035116 (2007).

[6] J.A. Berger, Phys. Rev. Lett. 115, 137402 (2015)

TT 25.4 Mon 15:45 HL 001
Coupling Maxwell’s equations to the time-dependent Kohn-
Sham equations: near-field effects and electromagnetic
backreaction — eRENE JESTAEDT!, MicAEL OLIVEIRA', ANGEL
Rusiob23, and Heiko AppeL! — Max Planck Institute for the
Structure and Dynamics of Matter and Center for Free-Electron Laser
Science, Germany — 2Center for Computational Quantum Physics
(CCQ), The Flatiron Institute, USA — 3Nano-bio Spectroscopy Group
and ETSF, Universidad del Pais Vasco, 20018 San Sebastidn, Spain

Induced currents in large molecular and condensed matter systems are
non-negligible and can affect the conductivity and the optical prop-
erties of the system. In the present work, we have implemented the
real-time propagation of Maxwell’s equations in Riemann-Silberstein
representation to use standard unitary propagation techniques in the
TDDFT code octopus [1]. The Maxwell and the Kohn-Sham system
are coupled via a predictor-corrector method to obtain a self-consistent
time-evolution of the total system [2]. Explicitely solving the micro-
scopic Maxwell’s equations also allows us to determine the optical
properties of the system directly from the Maxwell fields. We show
near-field effects of a full Maxwell-matter and matter-Maxwell cou-
pling for plasmon excitations in metallic nanoparticles [2,3] and for
ring-currents in organic molecules [2].

(1] Alejandro Varas et al., J. Phys. Chem. Lett. 2015, 6, 1891-1898 /
[2] R. Jestddt et al., (to be submitted) / [3] X. Andrade et al., Physi.
Chemistry Chem. Physics 2015, 17 31371-31396

TT 25.5 Mon 16:00 HL 001
Enhanching excitation energy and charge transfer with
strongly correlated light-matter interaction — eCHRISTIAN
ScHAFER!, MIcHAEL RUGGENTHALER!, HEiko ApPPEL!, and ANGEL
Rusiob2:3 — IMax Planck Institute for the Structure and Dynamics
of Matter, Hamburg, Germany — 2Center for Computational Quan-
tum Physics (CCQ), The Flatiron Institute, 162 Fifth Avenue, New
York NY 10010, USA — 3Nano-bio Spectroscopy Group and ETSF,
Departamento de Fisica de Materiales, Universidad del Pais Vasco
UPV/EHU, San Sebastian, Spain

Forster excitation energy and charge transfer are fundamental pro-
cesses of chemical reactions and connected to interesting quantities
such as correlation. Often this correlation is taken as fixed property
of the system.
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In the current work, we present how the coupling to cavity photons
in a minimal realistic molecular system can drastically alter trans-
fer characteristics, e.g. renders the excitation transfer to be distance
independent [1,2]. The photonic interaction can imprint fermionic cor-
relation on arbitrary distances.

The exact real-space description is suited to describe transfer and
correlation in a unprejudiced ab-initio picture and allows us to extend
our insights beyond common quantum-optical approximations.

[1] X. Zhong et al., Angew Chem Int Ed Engl. 56(31), 9034 (2017).
[2] M. Slootsky et al., PRL 112, 076401 (2014).

TT 25.6 Mon 16:15 HL 001
Effects of electronic correlations on the magnetic properties
of organometallic molecules — eSumMaANTA BHANDARY and SILKE
BierMANN — Centre de Physique Theéorique, Ecole Polytechnique,
91128 Palaiseau, France

The realm of molecular spintronics relies on the external accessibility
of molecular magnetic states. In correlated organometallic complexes,
a delicate balance between the crystal field, Coulomb repulsion and
dynamical hybridization between metal center and organic ligands dic-
tates the electronic and magnetic properties and often poses challenges
for an accurate theoretical modelling. We have employed density func-
tional theory (DFT), the GW approach and Anderson’s impurity
model (AIM) technique to study the ground state electronic and
magnetic properties of transition metal-based porphyrin and phthalo-
cyanine molecules, both in the gas phase [1] as well as while adsorbed
on surfaces. Our study reveals that the dynamical correlation effects
are important in order to accurately estimate spin-transition energies,
magnetic anisotropy energies as well as the ground state electronic
configurations in the molecular complexes. We have explored the ma-
nipulation of surface molecule interactions to externally influence the
electronic and magnetic properties of the molecular system.

[1] S. Bhandary, M. Schiiler, P. Thunstréom, I. di Marco, B. Brena,
O. Eriksson, T. Wehling, and B. Sanyal, Phys. Rev. B 93, 155158
(2016).

TT 25.7 Mon 16:30 HL 001
Structural, electronic and optical properties of cubic and
tetragonal SrTiO3: a DFT study including many-body effects
— oV1javya BEcuM, MarkuUs E. GRUNER, and RossiTza PENTCHEvVA
— Faculty of Physics and Centre for Nanointegration (CENIDE), Uni-
versity of Duisburg-Essen, Duisburg.

SrTiO3 (STO) is of fundamental interest as a substrate material in ox-
ide electronics. The bulk undergoes a phase transition from the cubic
to a tetragonal structure at T=105 K accompanied by characteris-
tic antiferrodistortive rotations of the TiOg octahedra. We present a
systematic comparison of the performance of the gradient corrected
exchange correlation functional (GGA), the strongly constrained and
appropriately normed (SCAN) meta-GGA and the hybrid functional
HSE06 with respect to the electronic, structural and optical proper-
ties of cubic and tetragonal STO. For the tetragonal structure, SCAN
gives a significantly improved description of the structural properties,
comparable to HSE06, at a computational cost similar to GGA. The
experimental band gap can be reproduced within SCAN with an on-site
Hubbard term (+U), whereas within GGA the gap is underestimated
even for very high U values. We calculate the optical spectrum for both
phases, including many-body effects and excitonic corrections within
the GW+Bethe-Salpeter equation approach, and compare this to pre-

53

vious theoretical results for the cubic phase [PRB 87, 235102 (2013)]
and experiment [PRB 93, 075204 (2016)|. Funding by the DFG within
SFB1242, project C02 is gratefully acknowledged.

TT 25.8 Mon 16:45 HL 001
Unveiling the mysterious magnetic state of superconducting
iron under pressure — eMATTEO D’AstUuTO — Institut NEEL
CNRS/UGA UPR2940 25 rue des Martyrs BP 166 38042 Greno-
ble cedex 9 FRANCE — IMPMC, UMR CNRS 7590, Sorbonne
Universités-UPMC University Paris 06, MNHN, IRD, 4 Place Jussieu,
F-75005 Paris, France

Compressed iron undergoes a transition from bcc to hep crystal struc-
ture with a loss of ferromagnetism. The magnetic state of the hcp
phase has been debated for many decades and experiments give seem-
ingly contradictory results. Maossbauer measurements find no mag-
netism, however x-ray emission spectroscopy finds remnant magnetism
and Raman mode splitting suggests symmetry breaking due to anti-
ferromagnetism. These paradoxical results are consistent with either
a paramagnetic state with spin fluctuations faster than Mdssbauer
timescales or an antiferromagnetic state, afmlII, which is undetectable
with Mossbauer spectroscopy. We performed neutron powder diffrac-
tion measurements in the hcp phase and do not observe afmll order
down to 1.8 K, while confirming the existence of a local magnetic mo-
ment in the hcp phase with x-ray emission spectroscopy and find it is
intrinsic to this phase (1). This local magnetic moment disappears at
30—40 GPa, exactly the same pressure region where superconductivity
disappears.

(1) B. W. Lebert, T. Gorni J.-P. Rueff, S. Klotz, M. Casula, A.
Juhin, J. M. Ablett, F. Baudelet, T. Straessle, T. Hansen, A. Polian,
P. Munsch, G. Le Marchand, Z. Zhang, M. d’Astuto, article in prepa-
ration.

TT 25.9 Mon 17:00 HL 001
Frist-principle and experimental characterisation of the
electronic properties of CaGaSiN3 and CaAlSiN3: im-
pact of chemical disorder — eJan Minar!, ONDREJ SIPR?,
RoBIN Nikraus®, Jonas HausLer®, and WoLrFcaNG ScaNick® —
INew Technologies Research Center, University of West Bohemia,
Pilsen, Czech Rep., — 2FZU, Academy of Sciences, Czech Rep —
3Department of Chemistry, University of Munich, Munich, Germany

We report a detailed investigation of the electronic, mechanical and
optical properties of the recently discovered nitridogallosilicate Ca-
GaSiN3 which has potential as a LED-phosphor host material. We
focus on chemical disorder effects, originating from the Ga/Si site, and
compared them to those of isostructural CaAlSiN3. We calculate the
elastic moduli and the Debye temperature in terms of quasi harmoni-
cal approximation. Spectral properties like the joint density of states
(JDOS) are evaluated and the absorption, reflectance and energy loss
function are obtained from the dielectric function. The optical band
gap of CaGaSiN3 from experiment is compared to the electronic band
gap in terms of electronic DOS and band structure calculations. All
properties are evaluated for different ordering models of Ga/Si while
the experimentally observed substitutional disorder is accounted for
by utilizing the Coherent Potential Approximation (CPA). We con-
clude a shrinking of the band gap for both CaGaSiN3 and CaAlISiN3
due to atomic disorder, which is unfavorable for potential phosphor
applications [1]. R. Niklaus, J. Minar, J Hausler, W. Schnick, Physical
Chemistry Chemical Physics 19 (13), 9292 (2017)
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TT 26: Skyrmions | (joint session MA/KFM/TT)

Time: Monday 15:00-18:30

Topical Talk TT 26.1 Mon 15:00 EB 301
Structure, Energetics, and Deterministic Writing of
Skyrmions in Thin Film Ferromagnets — oeFELIX BUTTNER —

MIT, Cambridge, MA, USA

Room temperature skyrmions were recently observed in magnetic
multilayer systems [1-4], most of them in materials with sizable
Dyzaloshinskii-Moriya interaction (DMI). In this talk, I will present a
unified theory that analytically describes the energy of such skyrmions,
including stray fields [1]. We can now rigorously define two types
of skyrmions, "stray field skyrmions" and "DMI skyrmions". DMI
skyrmions can be sub-10 nm at zero field and room temperature and
moved with velocities exceeding 1000 m/s at 102 A /m?.
Experimentally, I will show that skyrmions can be nucleated by spin-
orbit torque current pulses without any applied fields [2]. The nucle-
ation mechanism is robust, ultra-fast (sub-nanosecond), and extremely
easy to implement. I will discuss the mechanism of the skyrmion gen-
eration and explain why DMI can replace the need for in-plane fields.
[1] Biittner et al., Nat Phys. 11, 225 (2015). [2] Woo et al., Nat
Mater. 15, 501 (2016). [3] Moreau-Luchaire et al., Nat Nano. 11, 444
(2016). [4] Boulle et al., Nat Nano. 11, 449 (2016). [5] Biittner et al.,
arXiv:1704.08489 [6] Biittner et al., Nat Nano. 12, 1040 (2017).

TT 26.2 Mon 15:30 EB 301
Skyrmion bubble size and density control in Ta/CoFeB/MgO
wedges — oCHRISTIAN DENKER!, SOREN NieLsEN?, ENNo LAGE?,
JEFFREY McCorp?, and MarkUs MoNzeENBERG! — lInstitut fiir
Physik, Universitit Greifswald, Germany — 2Nanoscale Magnetic Ma-
terials - Magnetic Domains, Institute for Materials Science, Universitéat
Kiel, Germany

After the observation of skyrmion bubbles at room temperature in
Ta/CoFeB/TaO, layers by A. Hoffmann’s group, skyrmions have
been found in various heavy metal/ferromagnet/oxide systems. For
skyrmion generation and detection by magnetic tunnel junctions
(MTJ), the Ta/CoFeB/MgO system is appealing due to high TMR
ratios and its technological maturity. As a starting point typical MTJ
bottom electrodes and barriers (5 nm Ta/z CoFeB/3 nm MgO) trilay-
ers with an optional Ru capping were deposited by e-beam evaporation
(MgO, Ru) and magnetron sputtering (Ta, CoFeB). We will present
our results on skyrmion bubbles observed by magneto-optical Kerr ef-
fect microscopy as function of continuous variation of CoFeB thickness.
The in- to out-of-plane transition for the magnetic anisotropy is found
at about z = 1.4 nm. At slightly thinner CoFeB thicknesses skyrmions
can be nucleated. Their size can be as small as 300 nm. The influence
of CoFeB composition and annealing temperature on the skyrmion
formation, as well as skyrmion stability will be discussed.

TT 26.3 Mon 15:45 EB 301
Small angle neutron scattering experiments of skyrmions far
from equilibrium — eALronso CHacon!, Marco HALDER!, AN-
DREAS BAUER!, WoLrcaNG SIMETH!, ANDRE HEINEMANN?, SEBAS-
TIAN MUHLBAUER?, and CHRISTIAN PFLEIDERER! — !Physik Depart-
ment, Technische Universitat Miinchen, Germany — 2Heinz Maier-
Leibnitz Zentrum, Garching, Germany

The prospect of the application of magnetic skyrmions in next-
generation spintronic devices has recently created substantial scientific
interest in this type of magnetic order. Stabilized by thermal fluctua-
tions closed to the paramagnetic order, skyrmion lattices in cubic chiral
magnets are constrained to a small window a few Kelvin wide. Recent
developments have demonstrated how to expand this regime down to
low temperatures by means of supercooling, electrical fields, or uniaxial
pressure. Thus, it is possible to study this topological type of mag-
netism far from equilibrium. We report detailed small angle neutron
scattering experiments on skyrmion lattices in B20 compounds at very
low temperatures stabilized through fast cooling and discuss the role
of disorder and magnetocrystalline anisotropies in their stabilization.

TT 26.4 Mon 16:00 EB 301

Entropy limited topological protection of skyrmions in
Fe;_,Co,Si — Jonannes WiLp!, eTnomas MEeIer!, SiMON
Porrara!, MarTHias KRONSEDER!, ANDREAS BAUERZ?, ALFONSO
CHACONZ, Marco HALDER2, MARCO SCHOWALTER®, ANDREAS

RoseENAUER?, JosEF ZwWECK!, JAN MULLER?, Acaim Roscu?, CHRis-
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TIAN PFLEIDERER?, and CHRIsTIAN Back! — lInstitut fiir experi-
mentelle und angewandte Physik, Universitit Regensburg — ?Physik-
Department, Technische Universitat Miinchen — 3Institut fiir Festkor-
perphysik, Universitdt Bremen — “Institut fiir Theoretische Physik,
Universitat zu Koln

Topologically protected magnetic textures in materials with broken in-
version symmetry are considered as future high-density data storage
media. The life time of these textures therefore plays a crucial role
for data retention. We have used Lorentz transmission electron mi-
croscopy to infer the energetics of the topological decay of magnetic
skyrmions far from equilibrium in the chiral magnet Fej_;Co,Si. We
investigated the decay of a lattice of sykrmions at different magnetic
fields and temperatures by imaging the magnetic configuration of the
system in real-time with a high speed camera. We observed that the
skyrmion life time 7 extracted from these movies depends exponentially
on temperature following an Arrhenius law, 7 o 70 exp(AE/kpT).
The prefactor 7o of this Arrhenius law changes by more than 30 orders
of magnitude for small changes of magnetic field reflecting a substan-
tial reduction of the life time of skyrmions by entropic effects and thus
an extreme case of enthalpy-entropy compensation.

TT 26.5 Mon 16:15 EB 301
Magnetotransport and Hall effect of MnSi thin film un-
der pressure — eDAvID SCHROETER!, STEFAN SULLow!, DIRk
MenzeL!, Hirovukr Hipaka2, Hipero Okuvama?, and HIROsHI
Amitsuka? — !nstitut fiir Physik der Kondensierten Materie, TU
Braunschweig, Germany — 2Graduate School of Science, Hokkaido

University Sapporo, Japan

In the recent years thin films of the B20 compound MnSi became sub-
ject of great interest, since the magnetic properties of bulk MnSi are
modified due to the dimensional reduction and the uniaxial anisotropy
with a suspected stabilized skyrmionic phase [1]. In comparison to
bulk material MnSi thin film shows an enhanced ordering parameter
with ongoing research about the nature of the magnetic order in thin
film state [2].

The ordering temperature and critical fields of MnSi decrease with
applied hydrostatic pressure, with thin film material recovering bulk
values for the transition temperature at precover =~ 2.3 GPa and a
qualitatively similar behavior to bulk MnSi with respect to the order-
ing temperature above precover [3] ‘We present magnetotransport and
Hall effect measurements on MnSi thin films under applied pressure of
up to around 4 GPa and discuss our results concerning the magnetic
phase diagram under pressure.

[1] A. B. Butenko et al., Phys. Rev. B 82, 052403 (2010).

[2] M. N. Wilson et al., Phys. Rev. B 86, 144420 (2012).

[3] J. Engelke et al., Phys. Rev. B 89, 144413 (2014).

TT 26.6 Mon 16:30 EB 301
Magnetic anisotropy in the itinerant helimagnet MnSi —
eScHORSCH M. SAUTHER!', ANDREAS Baurr!, DiRk GRUNDLERZ,
CHRISTIAN PFLEIDERER!, and MaRrRc A. WiLDE! — !Phys.-Dep. E51,

TU Miinchen — 2LMGN, IMX, STI, EPF Lausanne

We report torque magnetometry in Manganese silicide (MnSi). In
our experiment, we employ cantilever magnetometry in a 2D magnetic
field B = B - (sing cosy) to measure the torque 7 resulting from
the anisotropic magnetization M 1 of a high-quality, single-crystalline
bulk sample of MnSi. The angular dependence 7(¢) displays distinct
oscillations with differently pronounced extrema. The oscillation am-
plitude between several extrema does not saturate for our maximum
field of 4.5 T. In the field dependence 7(B) we observe an unexpected
hysteresis above Hca. Furthermore, the hysteretic behavior below Hco
changes drastically with temperature below T.. We utilize our obser-
vations to determine the anisotropy constants and discuss our results
in the context of complementary experiments|1].

[1] A. Bauer et al., Phys. Rev. B 95, 024429 (2017)

15 min break

TT 26.7 Mon 17:00 EB 301
Inelastic neutron scattering studies of magnons in the
field polarized, conical and Skyrmion phase of MnSi —
eLukas Beppricu!, Tosias WEBER?, RoBerT GEorcIi':?, and
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PeTER Bon' — 1Physik-Department E21, Technische Universitit
Miinchen, 85748 Garching, Germany — 2Heinz Maier-Leibnitz Zen-
trum (MLZ), Technische Universitdt Miinchen, 85748 Garching, Ger-
many — 2Institut Laue-Langevin (ILL), 38000 Grenoble, France

Cubic chiral magnets, such as MnSi, are prototypical systems for the
investigation of various spin structures. They are stabilized by the
Dzyaloshinsky-Moriya interaction (DMI), which also gives rise to a
universal magnon dispersion [1], [2].

Recently, the effect of non-reciprocal spin wave excitations, which
generally emerge from the lack of inversion symmetry, were intensively
studied in the field-polarized and helimagnetic phase of MnSi with
inelastic neutron scattering [3]. Due to the excellent compatibility be-
tween the low-energy theory and the comprehensive measurements, we
currently apply a related approach to describe the magnetic excitations
found in the skyrmion phase.

[1] M. Janoschek et al. Phys.
doi:10.1103/PhysRevB.81.214436

[2] M. Kugler et al. Phys. Rev.
doi:10.1103/PhysRevLett.115.097203

[3] T. Weber et al. submitted for publication

Rev. B, 81:214436, Jun 2010

Lett., 115:097203, Aug 2015.

TT 26.8 Mon 17:15 EB 301

Orientation dependence of the magnetic phase diagram of

the chiral magnet Cuz0SeOz — eMAaRrco HaLDER!, ALFONSO
Cuacon!, AnDreas Bauer!, HeLmurH BERGER?, and CHRIs-
TIAN PrLEIDERER! — !Technische Universitdt Miinchen, Physik-

Department E21, D-85748 Garching, Germany — 2Ecole Polytech-
nique Fédérale de Lausanne, Crystal Growth Facility, CH-1015 Lau-
sanne, Switzerland

In recent years, the cubic chiral insulator CupOSeO3 attracted great
scientific interest, combing the skyrmion lattice phase with strong
magneto-electric coupling. We report a comprehensive study of the
magnetic properties of single-crystal Cu2OSeO3 by means of measure-
ments of the magnetization, ac susceptibility, and specific heat, in
particular tracking the influence of crystal orientation, cooling history
and demagnetizing effects on the formation of skyrmion order.

TT 26.9 Mon 17:30 EB 301

Time resolved Lorentz-TEM measurements of dynamical

skyrmion lattice defects in Cu;OSeO3; — eSimMoN PoLrrara!,
JonanNes WiLp!, Lukas HEINENZ, THomas MEIER', MATTHIAS
KRONSEDER!, LEONARD Tutscu!, ANDREAs Baurr®, HELMUTH

BeRGER?, CHRISTIAN PFLEIDERER®, JOSEF ZWECK!, AcHIM RoscHZ,

and CHRISTIAN Back! — !nstitut fiir Experimentelle und Ange-
wandte Physik, Universitit Regensburg, Deutschland — 2Institut
fiir Theoretische Physik, Universitdt zu Koln, Deutschland
3Physik-Department, Technische Universitit Miinchen, Deutschland
— 4Crystal Growth Facility, Ecole Polytechnique Fédérale de Lau-
sanne, Schweiz

We report non-stroboscopic time resolved Lorentz-Transmission-
Electron-Microscopy (LTEM) measurements of skyrmion lattice de-
fects in the chiral magnet CuaOSeO3. The multiferroic insulator hosts
a hexagonal skyrmion lattice which can be observed in real space us-
ing LTEM. It is known, that the radial temperature profile caused by
the illumination of the sample with the TEM electron beam sets the
skyrmion lattice into rotation [1]. We utilize this effect to study the
dynamics of defects and grain boundaries that naturally occur during
the lattice rotation. The structural and dynamical behaviour of the
defects is similar to that of 2D hexagonal particle lattices and therefore
the particle character of the skyrmion in its lattice phase is stressed
by our findings [2].

[1] Mochizuki, M. et al. Nat. mater. 13.3 (2014): 241-246

[2] Pollath S, et al. PRL 118.20 (2017): 207205

TT 26.10 Mon 17:45 EB 301

Large-scale ab initio investigations of complex magnetic

textures — eMARCEL BORNEMANN, SERrRcIT GRYTSIUK, Paur F.
BAUMEISTER, Puivos MavrorouLos, Nikoral S. KISELEV, SAMIR
Lounis, RubpoLF ZELLER, and STEFAN BLUGEL — Peter Griinberg

Institut and Institute for Advanced Simulation, Forschungszentrum
Jiilich and JARA, 52425 Jiilich, Germany

We have developed a unique electronic structure code, KKRnano [1],

55

specifically designed for petaFLOP computing. Our method scales lin-
early with the number of atoms, so that we can realize system sizes of
up to half a million atoms in a unit cell. Recently, we implemented a
relativistic generalization of the algorithm enabling the calculation of
complex non-collinear magnetic structures in real space.

We present two applications: (i) In the helimagnet B20-MnGe different
experimental groups have observed either a spin spiral in [001] direc-
tion or a 3Q-state composed of three spin spirals [2,3]. We present an
ab initio comparison of both states. (ii) We performed a large-scale
evaluation of low-lying thermal excitations, so-called “nodons”, in Cr
which could explain the formation of a spin density wave in this sys-
tem [4].

Simulations were performed with computing resources granted by
JARA-HPC, Forschungszentrum Jiilich and HLRS in Stuttgart.

[1] A. Thiess et al., Phys. Rev. B 85, 235103 (2012).

[2] O.L. Makarova et al., Phys. Rev. B 85, 205205 (2012).

[3] T. Tanigaki et al., Nano Lett. 15, 5438 (2015).

[4] V. Vanhoof et al., Phys. Rev. B 80, 184420 (2009).

TT 26.11 Mon 18:00 EB 301
Giant structural response of Dzyaloshinskii-Moriya interac-
tion in MnGe B20 compounds — eSERGII GRYTSIUK, MAR-
CEL BORNEMANN, MAaARKUS HOFFMANN, BERND ZIMMERMANN,
Puivos MavropouLos, GusTav BIHLMAYER, and STEFAN BLUGEL
— Peter Griinberg Institut and Institute for Advanced Simulation,
Forschungszentrum Jilich and JARA, 52425 Jiilich, Germany

Non-centrosymmetric cubic B20 materials are currently under inten-
sive investigation. An important feature of these materials is the com-
petition between the antisymmetric Dzyaloshinskii-Moriya interaction
(DMI) and the symmetric exchange interaction resulting in a rich va-
riety of magnetic phases with respect to temperature, magnetic fields,
material compositions and geometries. The possibility of engineering
chiral structures and the effective switching between different magnetic
phases requires the investigation of possible factors that influence the
strength of the magnetic interactions. In this work, we show by first-
principles calculations based on DFT that under pressure magnetic
and structural properties of MnGe reveal a hysteretic behavior near
the state where energies of high and low spin states coincide. We ob-
serve that pressure strongly enhances the DMI (by a factor 5), while
the spin-stiffness gets smaller. In order to understand such giant en-
hancement of the micromagnetic DMI we computed atomistic DMI
vectors. Surprisingly, the absolute value of the DMI vectors do not
depend significantly on the lattice parameter and the enhancement of
micromagnetic DMI stems mainly from the change of the DMI vectors’
orientation with respect to bonds between Mn atoms.

TT 26.12 Mon 18:15 EB 301
Spin-orbit coupling effects in magnetic and response proper-
ties of B20 A;_,B,Ge alloys (A, B = Mn, Fe, Co, Rh) —
eSERGIY MANKOVSKY!, SEBASTIAN WIMMER!, SviTLANA POLESYA!,
NicoLas MARTIN?, IsABELLE MIREBEAUZ, and HUuBERT EBERT! —
IDept. Chemistry, LMU Munich, D-81377 Munich, Germany — 2Lab.

Léon Brillouin, CEA, CNRS, Uni. Paris-Saclay, France

The composition-dependence of the isotropic exchange (J;;) and
Dzyaloshinskii-Moriya interaction (DMI) (51]) of Mnj__Fe;Ge,
Mnj_Rh,Ge, Mnj_,Co;Ge and Fej_,Co,Ge B20 alloys have been
investigated by first-principles calculations using the relativistic mul-
tiple scattering Korringa-Kohn-Rostoker (KKR) formalism. The D¢
(o = z,y, z) elements of the DMI tensor exhibit a strong dependence
on the composition, changing sign at * =~ 0.85 in Mn;_,Fe,Ge and
at x 0.5 in Fej_;CozGe, in line with previous theoretical calcu-
lations as well as with experimental results. The spin-orbit torque
(SOT), anomalous and spin Hall conductivities (AHC and SHC, re-
spectively) of Mnj_zFe;Ge alloys have been investigated. A sign
change at x ~ 0.5 is predicted for the Fermi sea contribution to the
SOT, as this is closely related to the DMI. In the case of anomalous
and spin Hall effects it is shown that the calculated Fermi sea contribu-
tions are rather small and the composition-dependence of these effects
are determined mainly by the electronic states at the Fermi level. The
spin-orbit-induced scattering mechanisms responsible for both effects
are suggested to cause the minimum of the AHC and the sign change
of the SHC.

~
~
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TT 27: Ferroelectric Domain Walls Il (joint session KFM/TT)
Organizer: Sergey Artyukhin - Istituto Italiano di Tecnologia - Genova (Ttaly)

Time: Monday 15:00-18:30

Invited Talk TT 27.1 Mon 15:00 EMH 225
First-principles studies of ferroelectric and ferroelastic do-
main walls — eJorGE INIGUEZ — Materials Research and Technology
Department, Luxembourg Institute of Science and Technology, Avenue
des Hauts-Fourneaux 5, L-4362 Esch/Alzette, Luxembourg

I will present our latest theoretical predictions on how to control the
properties of functional oxides, and even induce completely new be-
haviors, by appropriately engineering their nano-structure, domains or
domain walls. I will focus on two different research directions. On
one hand, I will discuss ways to engineer ferroelectric and ferroelas-
tic domain walls so they acquire specific properties (conductive, mag-
netic, topological) not present in the surrounding domains. On the
other hand, I will show predictions that ferroelectric domain walls can
be used to control heat currents, and can even act as phonon filters.
Finally, I will also describe briefly the first-principles-based (second-
principles) large-scale simulation methods that we use in most of our
investigations.

Works done in collaboration with many colleagues, in particular H.J.
Zhao, M.A.P. Gongalves and C. Escorihuela-Sayalero (LIST); M. Royo,
J.A. Seijas-Bellido and R. Rurali (ICAMB-CSIC); and J. Junquera
and P. Garcia-Fernandez (U. Cantabria). Work at LIST funded by
the Luxembourg National Reserach Fund through the CORE (Grant
C15/MS/10458889 NEWALLS), PEARL (Grant P12/4853155/Kreisel
COFERMAT) and AFR (Grant No. 9934186) programs.

TT 27.2 Mon 15:30 EMH 225
First-principles prediction of electric skyrmions — eMAaAuro
Gongaves!2, CarRLOS ESCORIHUELA-SAYALERO!, PABLO GARCiA-
FERNANDEZ2, JavieEr JUNQUERA2, and Jorge IRiquez!
1Luxembourg Institute of Science and Technology, Belvaux, Luxem-

bourg — 2Universidad de Cantabria, Santander, Spain

Nowadays, nontrivial topological spin structures like skyrmions are a
focus of interest, as they open the door to novel nano-technologies
with huge potential impact. Some authors have discussed electric
skyrmions, whereby an exotic arrangement of electric dipoles would
yield skyrmion-like structures in ferroelectric materials. Indeed, the re-
cent experimental discovery of a dipole vortices in PbTiO3/SrTiOs3 su-
perlattices [1] has added to earlier theoretical predictions of skyrmions
in ferroelectric nano-composites [2], and the possibility of stabilizing
electric skyrmions currently attracting a lot of attention.

Following these ideas, we have used first-principles model potentials
and large-scale lattice-dynamical simulations [3] to investigate the be-
havior of ferroelectric nano-domains immersed in a big domain of op-
posite polarization. Our simulations yield the first prediction of an
electric skyrmion in a single phase material. We have also found that
these dipole structures can be controlled applying an epitaxial strain or
external electric fields, which may open the door to interesting physics
and applications.

[1] Damodaran, A. R. et al., Nature Materials 16, 1003 EP (2017).
[2] Nahas, Y. et al., Nature Communications 6, 8542 EP (2015).
[3] J.C. Wojdel, et al., J. Phys.:Condens. Matter 25, 305401 (2013).

TT 27.3 Mon 15:45 EMH 225
The impact of domains on phase transitions and the elec-
trocaloric effect - an ab initio based study of BaTiOs.
e ANNA GRUNEBOHM!, MADHURA MARATHEZ, and CLAUDE EDERER?
— Faculty of Physics and CENIDE, University of Duisburg-Essen,
Germany — 2Institut de Ciéncia de Materials de Barcelona, Spain —
3Materials Theory, ETH Ziirich, Switzerland

The electrocaloric effect (ECE) is the adiabatic temperature change in-
duced by a varying external electrical field [1]. Although large tempera-
ture changes arise at field-induced first order phase transitions, this re-
sponse may be irreversible due to thermal hysteresis [1-3]. We present
an ab initio based study of the impact the domain structure makes on
such transitions, their thermal hysteresis, and the (reversible) caloric
response. As example, we focus on the tetragonal and orthorhombic
phases of BaTiOs [4].

[1] X. Moya, et al., Nature Mater. 13, 439 (2014).

[2] M. Marathe, et al., Phys. Rev. B 96, 014102 (2017).

[3] M. Marathe, et al., PSS (b), 1521, 1700308 (2017).
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Location: EMH 225
[4] A. Griinebohm et al. Euro. Phys. Lett. 115, 47002 (2016).

15 min break

TT 27.4 Mon 16:15 EMH 225
Electronic structure and optical absorption at ferroelectric
domain walls in BiFeO3; from first principles — eSABINE
KoreeLD2, STEFANO SanviTo!, and Jirka Hrinka? — 1School of
Physics & CRANN, Trinity College, Dublin, Ireland — 2Institute of
Physics, Academy of Sciences of the Czech Republic, Prague, Czech
Republic

Recent publications on first principles electronic structure of ferroelec-
tric domain walls (FE DW) in BiFeOg3 show some variations concerning
existence and magnitude of potential steps and band bending at pris-
tine FE DW. We investigated these properties once more, trying to
improve understanding by building on previous works in a systematic
way. We also tested the hypothesis that FE DW modify the light
absorption properties of BiFeOg.

TT 27.5 Mon 16:30 EMH 225
Formation of ferroelectric monoclinic domains in
Ko 7Nag 3sNbO3 thin films under different strain conditions
— eLEONARD vON HELDEN!, MARTIN SCHMIDBAUER!, MICHAEL
HaNke?, and JuTTA SCHWARZKOPF! !Leibniz Institute for Crys-
tal Growth (IKZ), Berlin — 2Paul-Drude-Institute for Solid State

Electronics (PDI), Berlin

KyNaj_;NbO3 is a promising material for lead-free ferro- and piezo-
electric applications due to its high piezoelectric and coupling coeffi-
cients. Moreover, monoclinic phases - which are favorable as they en-
able a continuous rotation of the polarization vector - can be induced
by incorporating anisotropic epitaxial lattice strain in K;Naj_;NbO3
thin films. Upon varying the strain conditions the symmetry and ori-
entation of these monoclinic domains can be deliberately tailored as
predicted by strain-phase calculations.[!] In order to confirm the the-
oretical predictions we present a systematic investigation on the fer-
roelectric domain formation in Kg.7Nag.sNbO3 thin films grown by
MOCVD. Slightly different strain conditions were realized by the ap-
plication of various (110) oriented rare earth scandate substrates. The
resulting ferroelectric domain structure was investigated upon a combi-
nation of piezoresponse force microscopy and X-ray nano-diffraction.
Our results reveal monoclinic M¢ domains with (001),. pseudocu-
bic unit cell orientation that differ among the substrates regarding
their domain wall inclination. Moreover, the additional occurrence of
(100)pc unit cell orientation in films with a thickness above 60 nm will
be discussed. [1] J. Schwarzkopf et al., Front. Mater. 4, 26 (2017).

TT 27.6 Mon 16:45 EMH 225
Phononics at ferroelectric domain walls eF'RANCESCO
FoceeTTi!*2 and SERGEY ARTYUKHIN! — lItalian Insitute of Tech-
nology, Genova, Italy — 2University of Genova, Italy

Ferroelectric domain walls are emerging as robust 2D systems with
promising functionality. Recent scanning tunneling and impedance mi-
croscopy studies revealed DC and AC conductivity, 2D electron gas and
modified chemistry at ferroelectric domain walls. We study phonons lo-
calized at ferroelectric domain walls, and scattering of bulk phonons off
ferroelectric domain walls using continuum theory and discrete models.

15 min. break

Invited Talk TT 277 Mon 17:15 EMH 225
Probing STO domain walls with scanning SQUID microscopy
— eBEENA KaLisky — Department of Physics and Institute of Nan-
otechnology and Advanced Materials, Bar-Ilan University, Israel

The interface formed by growing LaAlO3 on SrTiO3 (STO), both non
magnetic insulators, exhibits conductivity, superconductivity and even
magnetism. It is not surprising that the symmetry of the STO sub-
strate is a dominant player in the plethora of physical phenomena
found at the interface. We first encountered the interplay between
the STO ferroelastic domain walls and the interface while imaging the
magnetic flux generated from the interfacial current flow. We found
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that a big part of the current can be modulated over the STO do-
main walls and that macroscopic transport measurements are strongly
affected. We then investigated the origin of the modulations. We ap-
plied local stress to the sample and imaged the change in resistivity.
Surprisingly, we found that the resistivity changed mainly along the
domain walls which are highly sensitive to pressure. Our study shows
that the Scanning SQUID is very useful for the investigation of buried
domain walls and their effect on nearby layers.

TT 27.8 Mon 17:45 EMH 225
LiNbO3 thin-film crystals: A novel class of materials for do-
main engineering and enhanced domain wall conductivity —
oTILLMANN STRALKA, ALEXANDER HAusMANN, Lukas WEHMEIER,
and Lukas M. ExG — Institute of Applied Physics, Technische Uni-
versitdt Dresden, Germany

In the last years, research on ferroelectric domain wall conductivity
(DWC) mostly has focused either on PLD-grown, ultra-thin ferroelec-
tric (FE) films [1] or FE bulk-single crystals [2,3,4]. Here we extend
DWC to a novel and extremely prospective class of materials, i.e. free-
standing thin-film crystals made up from ultra-thin single-crystalline
LiNbO3 (LNO) sheets. We use 5%-Mg-doped LNO polished down
to a 22-pm thickness. Beyond high-voltage- [3] and super-bandgap-
illumination-induced [4] DW engineering, the sample thinness also al-
lows to write domain patterns by low-voltage AFM lithography, result-
ing in fully penetrating through domains. Of central interest in these
thin-film LNO crystals is the mutual interaction between neighboring
DWs, hence providing a novel tool for DW shape engineering on the
very local length scale. Investigations are carried out using a combi-
nation of AFM techniques (PFM, c-AFM, topography) and Cerenkov
Second Harmonic Microscopy [5], as well as by monitoring the electri-
cal transport in DWs along the crystallographic X and Y axes in LNO.
[1] J. Seidel et al., Nature Mater. 8 (2009) 229. [2] T. Sluka et al.,
Nature Comm. 4 (2013) 1808. [3] C. Godau et al., ACS Nano 11
(2017) 4816. [4] M. Schroder et al., Adv. Func. Mater. 22 (2012)
3926. [6] L. Wehmeier et al., Phys. Stat. Solidi 11 (2017) 1700267.

TT 27.9 Mon 18:00 EMH 225
Correlating domain wall conductivity with geometry: a real-
time study via Cerenkov Second Harmonic Generation —
oCHRISTIAN Gopau, Lukas WEHMEIER, ALEXANDER HAUSSMANN,
and Lukas Enc — Institute of Applied Physics, Technische Univer-
sitdt Dresden, D-01062 Dresden, Germany

Ferroelectric domain walls (DWs) have become a central topic of re-
search these days. Especially exploring their electronic properties and

domain wall conductivity (DWC) in both thin films [1,2] and single
crystals (sc) [3,4,5] has become very attractive. Our recent research
on sc-lithium niobate (LNO) has proven an ultra-high DWC [4] and
low electronic work function [6] that both provide a solid and promising
foundation for prospective electronic device application.

Here, we present a full 3D and time-resolved study by Cerenkov Sec-
ond Harmonic Generation [7] when investigating the DW dynamics in
sc-LNO that are subjected to electric fields. Variations of the field lead
to significant changes in geometry and inclination angles of the DW,
that is tracked here in real time. These changes in DW-geometry are
then correlated to the current measured through the conductive DWs.

[1] J. Seidel et al., Nat. Mater. 8, 229 (2009) [2] S. Cherifi-Hertel
et al.,, Nat. Comm. 8, 15768 (2017) [3] T. Sluka et al., Nat. Comm.
4, 1808 (2013) [4] C. Godau et al., ACS Nano 11, 4816 (2017) [5] M.
Schréder et al., Mater. Res. Express 1, 035012 (2014) [6] A.-S. Pawlik
et al., Nanoscale 9, 10933 (2017) [7] T. Kédmpfe et al., Phys. Rev. B
89, 035314 (2014)

TT 27.10 Mon 18:15 EMH 225

Domain wall and bulk conductance in ErMn;_,Ti;Os
— oTHEODOR SECANELL HoLstap!, DoNaALD MarLcoLm Evans?,
ALEXANDER RUFF2, DIDRIK RENE SMABRATEN!, JAKOB ScHAAB3,
CHRISTIAN TzscHASCHEL?, ZEwWU YANY® EpiTH BOURRET®, SVERRE
MacNus SELBAcH!, STEPHAN Kronns?, and DEeNNiS MEIER! —
IDepartment of Materials Science and Engineering, NTNU, Norway.
— 2Center for Electronic Correlations and Magnetism, University of
Augsburg, Germany. — 3Department of Materials, ETH, Switzerland.
— 4Department of Physics, ETH, Switzerland. — ®Materials Sciences
Division, UC Berkeley, USA.

Ferroelectric domain walls are attracting broad attention as a novel
type of spatially mobile oxide interface that can be written, erased,
and moved on demand. Recently, acceptor and donor doping was
adapted to optimize the behavior at ferroelectric domain walls.

In this talk, I will discuss the effect of donor doping on the electronic
bulk and domain wall properties in hexagonal ErMn;_,;TizO3. Den-
sity functional theory calculations show that Ti*t goes to the B-site,
replacing Mn3t. Scanning probe microscopy measurements confirm
the robustness of the ferroelectric domain template. The electronic
transport at both macro- and nanoscopic length scales is character-
ized. The measurements demonstrate the intrinsic nature of emergent
domain wall currents and point towards Poole-Frenkel conductance as
the dominant transport mechanism. Aside from the insight into the
electronic properties of hexagonal manganites, B-site doping adds an
additional degree of freedom for tuning the domain wall functionality.

TT 28: Poster Session: Topological Topics

Time: Monday 15:00-19:00

TT 28.1 Mon 15:00 Poster B
Emergent Weyl fermion bulk excitations in TaP and NbP
evidenced from solid state NMR and NQR — H. Yasvokal,
K.M. Rangita!, T. Kuso'?, Y. Kisuimoro!2, D. KasiNaTHAN!,
M. Scumipt!, B. Yan!, H. Tou2, C. FELsER!, A.P. MACKENzZIE!,
and eM. Baenitz! — IMPI for Chemical Physics of Solids, 01187
Dresden, Germany — 2Department of Physics, Graduate school of
Science, Kobe University, Kobe, 657-8501 Japan

The monophosphides TaP and NbP belong the class of Weyl semi met-
als and exhibit a non centrosymmetric structure and sizable spin orbit
coupling. A crossing of linearly dispersive topologically protected po-
larized bands at a single point in reciprocal space defines the Weyl
node where the fermion mass vanishes theoretically and a giant orbital
hyperfine coupling is expected [1]. 181 Ta quadrupole resonance(NQR)
resolves three NQR lines associated with the split level transitions for
the I = 7/2 Ta nuclear spin. The spin lattice relaxation violates the
Korringa law and shows a pronounced (1/T1T) o T2 behaviour [2]
which is assigned to the magnetic excitations of the Weyl fermions, in
agreement with theoretical predictions [1]. In addition we present first
93Nb NMR results from NbP single crystals. Here we investigated the
anisotropic hyperfine interaction and the excitations of the I = 9/2
Nb nuclear spin.

[1] Z. Okvatovity et al., PRB 94 (2016)

[2] Y. Yasuoka et al., PRL 118 (2017)

TT 28.2 Mon 15:00 Poster B
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Structure-Property Investigation of Superconductivity in
Nb-doped BiszSes eSIMONE MuUNKHOLM KEvY!, LAURA
WoLLEsEN!, HeNrRIETTE ELisaBeTH Lunp?, PuiLip HOFMANNZ,
and MARTIN BREMHOLM! — 1Department of Chemistry and iNano,
Aarhus University, 8000 Aarhus C, Denmark — 2Department of
Physics and Astronomy, Interdisciplinary Nanoscience Center, Aarhus

University, 8000 Aarhuc C, Denmark

Topological insulators (TI) have over the past decade been studied ex-
tensively due to their interesting electronic properties that make them
excellent candidates for applications in quantum computing. BisSes
is a highly studied TI and a large number of studies have investigated
the effects of doping. Of particular interest, doping of BiagSes with Cu,
Sr or Nb, leads to bulk superconductivity while the topological surface
states remain intact [1-3]. In the present study, high quality crystals
grown by a melt growth quench technique were investigated to re-
veal structure-property relations of doped BigSes. The crystal growth
conditions were explored to determine optimal growth conditions. The
crystal NbgBisSes growth by slow cooling produces compositional gra-
dients and the as-grown crystal boules contains secondary phases that
affects the elemental composition and thus the physical properties.
Crystallographic studies are combined with property measurements to
provide a detailed structural understanding of superconductivity in
doped BigSes.

[1] Y. S. Hor, Phys. Rev. Lett., 104, 057001, 2010.

[2] Z. Liu, J. Am. Chem. Soc., 137, 10512, 2015.
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[3] Y. Qiu, arXiv:1512.03519, 2015.

TT 28.3 Mon 15:00 Poster B
Local moment spin dynamics as a probe for topological prop-
erties — oGUILHERME G. Lesseux!2, MARrTIN DRrEesseL!, MARc
ScuerrLER!, JEAN C. Souza2, Ricarpo R. UrBano2, PascoaL J.
G. PacLiuso?, and CarLos RETTORIZ3 — 11. Physikalisches Insti-
tut - Universitit Stuttgart, Stuttgart, Germany — 2"Gleb Wataghin"
Institute of Physics - University of Campinas, Campinas, Brazil —
3CCNH, Universidade Federal do ABC, Santo André, Brazil

Electron spin resonance (ESR) of diluted magnetic impurities is a pow-
erful local technique that can directly probe the nature of the interac-
tions between localized magnetic moments and the electronic environ-
ment as well as the local, dynamic and static, crystalline site symme-
try. Therefore, ESR may be an appropriate tool to investigate metal-
lic surface states and other related relevant features for the physics
of topologically nontrivial materials. Here, we present experimental
strategies to probe topological properties by means of local moment
spin dynamics. Unusual ESR results in half-Heusler YPt(Pd)Bi and
SmBg compounds are presented and discussed in terms of their topo-
logical properties.

TT 28.4 Mon 15:00 Poster B
Flat Optical Conductivity due to the Dirac nodal line in Zr-
SiS — eMicHA ScHILLING', ARTEM PRONIN', MARTIN DRESSEL!,
BerTINA LoTscH?, and LesLie Scroop?3 — 11, Physikalisches
Institut, Universitit Stuttgart, 70569 Stuttgart, Germany — 2Max-
Planck-Institute for Solid State Research, 70569 Stuttgart, Germany

— 3Department of Chemistry, Princeton University, Princeton, USA

In graphene, the isolated two-dimensional Dirac cones cause a uni-
versal (i.e. material-independent) interband optical conductivity: the
conductivity is frequency independent and the value is set by the
quantum conductance. In ZrSiS, linear dispersing bands are quasi-
two-dimensional and the Dirac points form nodal lines of two types.
Spin-orbit coupling (SOC) opens a small gap along one of them. It
was theoretically proposed, that the interband conductivity of such a
nodal-line semimetal would also exhibit a frequency-independent be-
havior [1]. The absolute value, however, be material dependent, related
to the length of the nodal line. We investigated the optical response
of ZrSiS by the means of Fourier-transform infrared spectroscopy. We
measured the reflectivity over a frequency range from 6 to 3000 meV at
different temperatures down to 10 K and determined the optical con-
ductivity. Our results confirm the theoretical expectations, revealing
flat optical conductivity between 30 and 300 meV. From the measure-
ments we could estimate the length of the nodal line in the reciprocal
space and the size of the SOC-induced gap |[2].

[1] J. P. Carbotte, J. Phys. Condens. Matter 29, 045301 (2017).

[2] M. B. Schilling et al., Phys. Rev. Lett. 119, 187401 (2017).

TT 28.5 Mon 15:00 Poster B
One-dimensional physics in the edge states of the high-
temperature Quantum Spin Hall system bismuthene on
SiC(0001) — eRAuL STUHLER, FELIX REIS, JORG SCHAFER, and
RaLpu CLaEssEN — Physikalisches Institut and Rontgen Research
Center for Complex Material Systems, Universitdt Wiirzburg, D-97074
Wiirzburg, Germany

Bismuthene (a mono-atomic honeycomb lattice of Bi-atoms)
chemisorbed on a SiC(0001) substrate has recently been synthesized
and shown to be a promising candidate for the realization of a room-
temperature Quantum Spin Hall (QSH) effect which is based on a
novel QSH mechanism [1]. Experiments with angle-resolved photo-
electron spectroscopy (ARPES) and scanning tunneling spectroscopy
(STS) found excellent agreement with the calculated topological band
structure. In particular, while the bismuthene film displays a large
bulk band gap of ~0.8¢V, conducting edge states are observed at the
boundaries of the honeycomb layer, e.g. at terrace steps of the sub-
strate, as expected for a two-dimensional topological insulator (2D-TI).
Here we demonstrate, by a detailed analysis of tunneling spectra, that
these edge states are indeed one-dimensional (1D) and correlated in
nature. The STS spectra display power law behavior with energy and
temperature as well as universal scaling, consistent with the expecta-
tions for a (helical) Tomonaga-Luttinger liquid (TLL).

[1] F. Reis, G. Li, L. Dudy et al., Science 357, 287 (2017).

TT 28.6 Mon 15:00 Poster B
Giant microwave magneto-conductivity in topological Insula-
tors — eLEA Pirz-PaaL, ManAswETA BaccHi, CHRISTOPH GRAMS,
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Zuiwel WANG, YoicHl ANDoO, and JoAcHIM HEMBERGER — Univer-
sitdat zu Koln

Recently, locally conducting puddles were identified in the bulk-
insulating topological insulator BiSbTeSes at temperatures below
50K [1]. These puddles are the result of imperfect compensation
of charged donors and acceptors in the bulk. Additionally, it was
shown that these puddles in a nearly bulk-insulating topological insu-
lator T1Big.15Sbg.g5Te2 grow in an increasing magnetic field [2]. This
was detected when observing the resulting enhancement of the DC-
conductivity. The puddles are growing due to the magnetic field and
therefore form a percolating current paths. In the case of BiSbTeSes
the puddles are not connected because of much better compensation.
Therefore, an enhancement of the puddles size is not observable with
DC-measurements in this case. Hence, to examine the puddles in
BiSbTeSe2, an alternative approach based on AC-measurements in
magnetic field is presented here. Our measurement also show an
considerably enhanced AC-conductivity with increasing magnetic field
and, therefore, a growth of the puddles.

This work is supported by the DFG via SFB1238 (Cologne).
[1] N. Borgwardt et al., Phys. Rev. B 93, 245149(2016)
[2] O. Breunig et al., Nat. Commun. 8, 15545(2017)

TT 28.7 Mon 15:00 Poster B
Length scale of puddle formation in 3D topological insulators
— THaomas BOMERICH, JoNaTHAN Lux, eQINGYUFEI TERENZ FENG,
and AcHiM RoscH — Institut fiir Theoretische Physik, Univeristit zu
Koln, Germany

In most semiconductors and insulators the presence of a small density
of charged impurities cannot be avoided, but their effect can be re-
duced by compensation doping, i.e. by introducing defects of opposite
charge. Screening in such a system leads to the formation of electron-
hole puddles, which dominate bulk transport, as first recognized by
Efros and Shklovskii. Metallic surface states of topological insulators
(TI) contribute extra screening channels, suppressing puddles. We in-
vestigate the typical length I,, which determines the distance between
puddles and the suppression of puddle formation close to metallic sur-
faces in the limit where the gap A is much larger than the typical
Coulomb energy E. of neighboring dopants, A > E.. In particular,
this is relevant for three dimensional Bi-based topological insulators,
where A/E. ~ 100. Scaling arguments predict I, ~ (A/E:)2. In
contrast, we find numerically that [, is much smaller and grows in an
extended crossover regime approximately linearly with A/FE. for nu-
merically accessible values, A/E. ~ 35. We show how a quantitative
scaling argument can be used to extrapolate to larger A/E., where
lp ~ (A/E)?/In(A/E.). Our results can be used to predict a char-
acteristic thickness of T1I thin films, below which the sample quality is
strongly enhanced.

TT 28.8 Mon 15:00 Poster B
In-plane H.> anisotropy of Cu; s (PbSe)s(BizSes)s — eLIONEL
ANDERSEN, ZHIWEI WANG, THoMAS LORENZ, and YoicHI ANDO —
II. Physikalisches Institut - Universitit zu Koln, Germany

The material series (PbSe)sn (BizSes)sm can be understood as a nat-
ural layered heterostructure. Since the end-member PbSe is topolog-
ically trivial and the other end-member BizSes is a well-known topo-
logical insulator, the series provides an interesting playground for the
study of topological phenomena [1]. The member of this series with
n = 1 and m = 2 shows strong evidence for unconventional supercon-
ductivity after Cu doping [2]. Recently the related material Cu,BizSes
was proved to be a topological superconductor through the observa-
tions of a spontaneous rotational symmetry breaking [3,4]. In this
contribution we present a study of the H.s anisotropy observed in
Cui.5(PbSe)s (Bi2Ses)s obtained by resistance measurements. In ad-
dition to an out-of-plane anisotropy a clear in-plane anisotropy was
found, which is difficult to be explained by a crystallographic or the
associated Fermi surface anisotropy. This suggests a symmetry break-
ing similar to the case of Cug,BizSes.

[1] K. Nakayama et al., Phys. Rev. Lett. 109, 236804 (2012)

[2] S. Sasaki et al., Phys. Rev. B 90, 220504 (2014)

[3] K. Matano et al., Nat. Phys. 12, 852 (2016)

[4] S. Yonezawa et al., Nat. Phys. 13, 123 (2017)

TT 28.9 Mon 15:00 Poster B
Electrical transport studies on the type-II Weyl semimetal
candidate Wi_;Mo,Tes — eMarTHiAs GiLLic?, FEDERICO
CacLieris!, Boy Roman PieniNGg!, Icor Morozov!#, SarcHa-
RAN AswaRTHAM!, JosErpH DurouLEUR!, BERND BtUcuNERD2:3, and
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CHrisTIAN Hess!2:3 — 1Leibniz-Institute for Solid State and Materi-
als Research, IFW Dresden, 01069 Dresden, Germany — 2Institute of
Solid State Physics, TU Dresden, 01069 Dresden, Germany — 3 Center
for Transport and Devices of Emergent Materials, TU Dresden, 01069
Dresden, Germany — 4Moscow State University, 119991 Moscow, Rus-
sia

The semimetals WTes and Td-MoTes have been the first compounds
proposed as a type-II Weyl semimetals. While for these parent com-
pounds the Weyl points are far above the Fermi level, it is presumed
that mixing the two phases brings them to relevant energies.

We have performed magneto-electrical transport measurements on
a series of Wi_,;Mo,Tes single crystals. Zero-field resistivity in-
creases upon substituting Mo for W but keeps metallic properties. The
large non-saturating magnetoresistance is reduced in between the two
phases, while the Hall resistivity decreases continuously from WTes to
MoTez. A simple two-band analysis ascribes this behavior to sup-
pressed charge carrier compensation and declining mobilities. Ob-
served Shubnikov-de-Haas oscillations show no drastic changes of the
electronic structure.

TT 28.10 Mon 15:00 Poster B
Quasiparticle interference pattern in superconducting quan-
tum wells — eMEnDI BIDERANG! and ALIREzA AKBARIV'Z — lAsia
Pacific Center for Theoretical Physics, POSTECH, Pohang, Korea —
2Department of Physics, POSTECH, Pohang, Korea

Spin-orbit interaction (SOI) plays an important role in the electronic
properties of solids. Particularly, when it is originating from the bulk
inversion symmetry breaking combining to the asymmetry of confin-
ing potential, it moves to Dresselhaus or Rashba types of SOIs. In
superconducting state, these types of SOIs may cause the parity mix-
ing and occurrence of the accidental node in the superconducting gap.
We study the symmetry of superconducting gap and its trace on the
quasiparticle interference pattern for a two-dimensional superconduct-
ing quantum well grown in (110) direction, by considering the effect of
the interplay of Rashba and Dresselhaus SOIs. Our theoretical results
show that changing the relative strength of Dresselhaus to Rashba,
from 0 to 1, leads to fix the spin quantization axis at fully mixed
Dresselhaus-Rashba. Moreover, a C4 symmetry of superconducting
pairing changes to C2, which is consistent with the variation of the
Fermi surface topology.

TT 28.11 Mon 15:00 Poster B
Majorana bound states in monoatomic Fe-nanowires on su-
perconducting Pb — eCARL DREcCHSEL, REMY PawLAK, MARCIN
KisieL, JELENA KrLiNowAaJA, ToBiAas MEIER, SHIGEKI Kawal, THILO
GurAaTzEL, DANIEL Loss, and ERNsT MEYER — Department of Physics,
University of Basel, Klingelbergstrasse 82, 4056 Basel, Switzerland

Motivated by their potential use as topological qubits, Majorana bound
states (MBS) have attracted an utmost interest. Theoretical cal-
culations predict their occurrence in the combination of quasi-one-
dimensional nanowire systems onto s-wave superconductors.

Here, we measure the spatial and electronic characteristics of topo-
logical, superconducting chains of iron atoms on Pb(110) to investi-
gate the wave function and the localization length as fingerprint for
MBSs [1]. After first observations by scanning tunneling microscopy
(STM) [2,3], we demonstrate by combining STM and atomic force mi-
croscopy (AFM) at low temperature (< 5 K) that the Fe chains are
mono-atomic, structured in a linear fashion, and exhibit zero-bias con-
ductance peaks at their ends [4]. This can be interpreted as signature
for a Majorana bound state [5]. From these observations, we strongly
support the idea of using MBSs in Fe chains on superconducting Pb
as qubits for quantum computing devices.

[1] J. Klinovaja, D. Loss, Phys. Rev. B 86, 085408 (2012)

[2] S. Nadj-Perge et al., Science 346, 602 (2014)

[3] M. Ruby et al., Phys. Rev. Lett. 115, 197 (2015)

[4] R. Pawlak et al., npj Quantum Information, 16035 (2016)
[5] V.Mourik et al., Science 336, 1003 (2012)

TT 28.12 Mon 15:00 Poster B
Stability of Majorana edge modes in an interacting Kitaev
chain in presence of non-Markovian electron-phonon inter-
action — eJULIAN SCHLEIBNER, FLORIAN KATscH, and ALEXAN-
DER CARMELE — Institut fiir Theoretische Physik, Nichtlineare Optik
und Quantenelektronik von Halbleitern, Technische Universitdt Berlin,
Hardenbergstr. 36, 10623 Berlin, Germany

We study a generic example of a system that fails to thermalize, namely
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a Kitaev chain with a bulk and topological edge-edge states [1, 2]. It is
of interest to study the resilience of such Majorana modes in the pres-
ence of nearest-neighbor interaction and non-Markovian dissipation.
The nearest-neighbor interaction couples the Majorana edge modes to
the bulk leading to decay of the edge correlation due to dissipation
into the phonon reservoir. The systems’ time evolution is described
and evaluated by means of Heisenberg equation of motion for small
system sizes, taking into account the full hierarchy. The contributions
originating from the phonon bath are calculated in second order Born
factorization. The results are compared to previous studies, where the
dissipation into a Markovian reservoir was described within a master
equation framework, implying violation of the parity symmetry. In this
case the edge correlation shows an exponential decay in homogeneous
chains and a stretched exponential decay in disordered chains [3].

[1] Pal et al., Phys. Rev. B 82, 174411 (2010).

[2] Kitaev, Phys. Usp. 44, 131 (2001).

[3] Carmele et al., Phys. Rev. B 92, 195107 (2015).

TT 28.13 Mon 15:00 Poster B
Measuring the spin structure of Majorana bound states us-
ing optical quantum dots — eLENA BITTERMANN! and PATRIK
Recuerb2 — llnstitut fiir Mathematische Physik, TU Braunschweig
— 2Laboratory for Emerging Nanometrology Braunschweig

Since signatures of Majorana bound states have been found, a lot of
research in this field was initiated. Despite of this, their spin structure
[1] is still not well understood.

In a one dimensional semiconducting wire on top of a superconduc-
tor with an applied Zeeman field, Majorana bound states can arise
at the ends of the wire to which quantum dots can be coupled [2].
Here we propose such a setup where two optical quantum dots are
also connected to hole reservoirs so that photons can be created via
recombination. We first perform a Schrieffer-Wolff transformation to
receive the effective low energy model of the electronic system with
weak coupling between the dots and the Majorana bound states. Fur-
thermore, we use a master equation formalism to obtain the steady
state solution. By analyzing the resulting photon emission spectrum,
we investigate the corresponding processes of recombination to draw
conclusions on the spin polarization of the Majorana bound states.

[1] D. Sticlet, C. Bena and P. Simon, PRL 108, 096802 (2012)
[2] M. T. Deng et al., Science 354, 1557 (2016)

TT 28.14 Mon 15:00 Poster B
Tunable quasiparticle poisoning in Josephson Junctions —
eDaNIEL FromBacu! and Patrik Recuer!:2 — lInstitut fiir Math-
ematische Physik, TU Braunschweig — 2Laboratory for Emerging
Nanometrology Braunschweig

The fractional Josephson effect is one of the unique features of Majo-
rana bound states (MBS) forming in Josephson junctions [1]. However,
its experimental realization still remains challenging partially due to
quasiparticle poisoning potentially spoiling the 47 periodic effect. De-
spite first signatures of the 47 periodicity having been reported [2][3],
the effect of such quasiparticle poisoning is still not well understood.
Here we propose a setup based on silicene, in which an experimental
handle in the form of a perpendicular electric field exists, with which
it can be possible to introduce an artificial poisoning experienced by
the MBS. We analyze the poisoning effect on the current voltage char-
acteristic of the junction and discuss the critical current as a possible
indicator for the topology of the junction.
[1] L. Fu and C.L. Kane, Phys. Rev. B 79, 161408 (2009)
[2] L. P. Rokhinson et al., Nat. Phys. 8, 795 (2012)
[3] J. Wiedenmann et al., Nat. Commun. 7, 10303 (2016)

TT 28.15 Mon 15:00 Poster B
Multifractality of wavefunctions at the spin quantum Hall
transition — eDANIEL HERNANGOMEz-PEREZ!, Soumya BERAZ,
Iya GRrUzBERG®, and FERDINAND EvErs! — lInstitute of Theo-
retical Physics, University of Regensburg, D-93050 Regensburg, Ger-
many — 2Department of Physics, Indian Institute of Technology Bom-
bay, Mumbai 400076, India — 3Ohio State University, Department of
Physics, 191 W. Woodruff Avenue, Columbus Ohio, 43210, USA

At the spin quantum Hall transition (class C) the Hall conductance for
spin is quantized while charge is not conserved. Corrections to scaling
are found to be small near the transition that connects two neighbor-
ing plateau states. Therefore, it lends itself as a natural testbed for
analytical predictions. We here present a numerical study of the wave-
function statistics. Our results: (i) In a recent theoretical investigation
[1], Bondensan et al. argue in favor of exact parabolicity of multifrac-
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tal spectra near integer quantum Hall transitions. Thus motivated we
investigate the class C spectrum and find that it is far from parabolic.
(ii) Analytical arguments [2,3] predict a symmetry of the multifractal
spectrum that we can confirm with a very high accuracy.

[1] R. Bondesan, D. Wieczorek, M. R. Zirnbauer, Nucl. Phys. B 918,
52 (2017).

[2] A. D. Mirlin, Y. V. Fyodorov, A. Mildenberger, F. Evers, Phys.
Rev. Lett. 97, 046803 (2006).

[3] I. Gruzberg, A. D. Mirlin, M. Zirnbauer, Phys. Rev. B 87, 125114
(2013).

TT 28.16 Mon 15:00 Poster B
Fractional quantum Hall phenomenology in mosaic-like con-
ductors — FERDINAND KissLINGER!, eDENNIS RIENMULLER!, ERIK
KamperT?, and HEiko B. WEBER! — !FAU Erlangen-Niirnberg,
Lehrstuhl fiir angewandte Physik — 2High Magnetic Field Labora-
tory, Helmholtz-Zentrum Dresden-Rossendorf

In the early days of graphene research, fractional values of e?/h in
the two-terminal conductance were interpreted as heralding FQHE in
graphene [1],[2]. Since then, a variety of detailed investigations of
FQHE states in monolayer [3]-[5] were reported.

In this work, another approach was made by utilizing a simple route to
generate magnetotransport data that share essential signatures with
fractional quantum Hall effect. Ingredients to the generating model
are, on the one hand, conducting tiles with integer quantum Hall ef-
fect as well as metallic linkers, and, on the other hand, Kirchhoff’s
laws. When connecting few identical tiles in a mosaic, fractional steps
occur in the conductance values. Richer spectra representing several
fractions occur when the tiles are parametrically varied. Parts of the
simulation data are supported with purposefully designed graphene
mosaics in high magnetic fields. The model can, however, not explain
substructure within the last Landau level. The findings emphasize
that the occurrence of FQH phenomena does not necessarily indicate
interaction-driven physics.

[1] X. Du et al., Nature 462, 192(2009).

[2] K. I. Bolotin et al., Nature 462, 196(2009).

[3] C. R. Dean et al., Nat. Phys. 7, 693(2011).

[4] F. Ghahari et al., Phys. Rev. Lett. 106(2011).
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TT 29.1 Mon 15:00 Poster B

Einfluss von Geometrie und Herstellungstechnologie auf
das Zeitverhalten von SNSPD — Juria BRrRaNDEL!, eOLIVER
BrANDEL!, MARIO ZIEGLER!, SEBASTIAN GOERKE!, ILyA CHARAEV?,
EmManveEL KNEHRZ, DETLEF BorN!, MicHAEL SiEceL? und HEIDE-
MARIE SCHMIDT! — !Leibniz-Institut fiir Photonische Technologien
e.V. (IPHT), Jena, Deutschland — 2Karlsruher Institut fiir Technolo-

gie (KIT), Karlsruhe, Deutschland

Einzelphotonenzihler basierend auf ultradiinnen supraleitenden
Schichten (SNSPD) besitzen ein breites Anwendungsfeld von der Spek-
troskopie bis hin zur Quantenkryptografie, da sie in Bezug auf Dunkel-
zéhlrate und zeitlicher Genauigkeit herausragende Eigenschaften besit-
zen.

Die dafiir eingesetzten Niobnitridschichten (NbN) wurden bislang
mittels Reakivem Magnetron Sputtern hergestellt. Am IPHT wurde
eine alternative Herstellungstechnologie entwickelt, mit der es méoglich
ist, diese Schichten durch Atomlagenabscheidung (ALD) herzustellen.
Durch ALD wird neben einer idealen Schichtdickenkontrolle wahrend
des Herstellungsprozesses auch die Abscheidung auf dreidimensionalen
Strukturen ermoglicht.

In unserem Beitrag werden sowohl die allgemeinen Schichteigen-
schaften der unterschiedlichen Herstellungstechnologien als auch der
Einfluss der geometrischen Strukturierung des SNSPD untersucht.

TT 29.2 Mon 15:00 Poster B
MetroBeta: Beta Spectrometry with Metallic Magnetic
Calorimeters in the Framework of the European Program of
Ionizing Radiation Metrology — eMicHAEL PauLsen'3 JORrRN
BeveEr!, LiNa BockHORNZ, CHRISTIAN Enss3, DANIEL GYORIS,
SeBAsTIAN KEeEMPF3, KARSTEN Kosserr?, MARrTIN Lompr?, Ri-
HAM Mariam?, OLe NAHLEZ, Marias Ropricues?, and MaRco

ScumipT! — !Physikalisch-Technische Bundesanstalt (PTB), Berlin,

[5] B. E. Feldman et al., Phys. Rev. Lett. 111(2013)

TT 28.17 Mon 15:00 Poster B
Low temperaturate properties of B20 compounds — eTiMUR
Yasko, GEORG BENKA, ANDREAS BAUER, CHRISTIAN OBERLEITNER,
ALEXANDER ENGELHARDT, and CHRISTIAN PFLEIDERER — Lehrstuhl
fiir Topologie korrelierter Systeme, Technische Universitat Miinchen,
Garching, Germany

Transition-metal  mono-silicides  crystallizing in  the
centrosymmetric space group P213 have been studied for decades
due to a wide range of complex magnetic and electronic properties.
Recently, the diamagnetic metal CoSi was proposed as a potential
candidate material for hosting Weyl-type excitations [1]. We report
on the growth of large high-quality single crystals by means of the
optical floating-zone technique. Following a thorough metallurgical
characterization, we present a comprehensive study of the intriguing
low-temperature magnetic and transport properties of CoSi.

[1] Peizhe Tang et al., arXiv:1706.03817, 2017

non-

TT 28.18 Mon 15:00 Poster B
Topological phase characterization of SSHH model — DANIEL
DUARTE, MARTA PRADA, and eDANIELA PFANNKUCHE — Universitat
Hamburg, I. Institut fiir Theoretische Physik, Jungiusstrasse 9, 20355
Hamburg

We study a one-dimensional interacting fermionic chain by means of
density matrix renormalization group. The different spin correlation
functions are studied and a phase diagram is obtained as a function
of dimerization and on site interaction parameters. We find a striking
phase showing finite spin edge correlations. Next we characterise the
topology of the phase in terms its Zak phase and the existence of edge
states. We discuss the connection between the appearance of edge-
spin correlations and the Zak phase, and provide an extended phase
diagram, complementing existing ones [1,2] These results could be ex-
perimentally realised in a cold atom experiment with a one-dimensional
optical trap.

[1] B.-T. Ye, L.-Z. Mu, H. Fan, Phys. Rev. B 94, 165167 (2016).

[2] Da Wang, S. Xu, Yu Wang, C. Wu, Phys. Rev B 91, 115118 (2015).
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Germany — 2Physikalisch-Technische Bundesanstalt (PTB), Braun-
schweig, Germany — 3Kirchhoff-Institute for Physics, Heidelberg Uni-
versity, Germany — *CEA, LIST, Laboratoire National Henri Bec-
querel, Saclay, France

MetroBeta is a European project that aims to improve the theoretical
calculation and measurement of beta spectrum shapes. The project
is part of a common European program of ionizing radiation metrol-
ogy. The precise knowledge of beta spectrum shapes is required for
measuring the activity of pure beta emitters, thus realizing the Bec-
querel unit for these nuclides. Metallic magnetic calorimeters (MMCs)
with the beta emitter sample embedded in the absorber have proven
to be among the best beta spectrometers. Four beta spectra will be
measured: Sm-151 (Q = 76.3 keV), C-14 (Q = 156.5 keV), Tc-99 (Q
= 293.8 keV), C1-36 (Q = 709.5 keV). A crucial part of the research
and development is concerned with source and absorber preparation
techniques, which includes producing high quality nuclide samples that
need to be integrated into the MMC absorbers.

TT 29.3 Mon 15:00 Poster B
Flux ramp modulation for Microwave SQUID Multiplexing
— oDANIEL RICHTER, MATHIAS WEGNER, ANDREAS FLEISCHMANN,
SEBASTIAN KEMPF, and CHRISTIAN ENss — Kirchhoff-Institute for
Physics, Heidelberg University, Im Neuenheimer Feld 227, 69120 Hei-
delberg, Germany.

Microwave SQUID multiplexing (uMUXing) based on non-hysteretic
rf-SQUIDs appears to be the most suitable multiplexing technique to
read out metallic magnetic calorimeter (MMC) arrays. The intrinsi-
cally fast signal rise time of MMCs, for example, can be maintained by
providing sufficient bandwidth per channel. However, since rf-SQUIDs
are intrinsically non-linear devices due to their periodic flux-to-voltage
characteristic, the almost ideal linear detector response of MMCs is
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degraded unless suitable counter-measures are applied. Standard feed-
back techniques such as flux-locked loop can’t be adapted for a mi-
crowave SQUID multiplexer since individual feedback lines would have
to be routed to each pixel. In contrast, modulation techniques such
as flux ramp modulation provide a conceptually easy solution for lin-
earizing the output signal of the multiplexer.

In this contribution, we will first introduce the basic concept of flux
ramp modulation. We will then discuss proof-of-principle as well as
comprehensive characterization measurements for which we used cus-
tomized dc-SQUIDs as well as a microwave SQUID multiplexer. Fi-
nally, we will outline present challenges as well as other applications
where flux ramp modulation might significantly simplify the SQUID
based readout.

TT 29.4 Mon 15:00 Poster B
Superconducting GHz Resonators for Microwave SQUID
Multiplexing of MMCs — eFELIX AHRENS, MATHIAS WEGNER,
ANDREAS FLEISCHMANN, SEBASTIAN KEMPF, and CHRISTIAN ENss —
Kirchhoff Institute for Physics, Heidelberg University, Germany

Microwave SQUID multiplexing is the most promising way to read out
large metallic magnetic calorimeter (MMC) detector arrays. A key
element of cryogenic multiplexing is superconducting GHz resonators,
which provide the required frequency encoding. To maintain the very
fast signal rise time of MMCs we design our resonators to have a band-
width of ~1MHz. This value directly sets the required frequency
spacing between two neighbouring channels to ~10 MHz taking into
account our present fabrication accuracy and the required crosstalk
level below 10~%. Using capacitively coupled CPW transmission line
resonators, the resonance frequency f; and the loaded quality factor
@) of a resonator can be set by adjusting the resonator length and the
geometry of the coupling capacitor. We simulate the electromagnetic
properties of different coupler geometries to find a proper resonator
design matching our readout requirements. Since both f; and Q) de-
pend strongly on the accuracy of the physical resonator dimensions,
we optimise the microfabrication process in order to minimise fabrica-
tion inaccuracies. In addition, to minimise the influence of stray light,
the kinetic inductance and tunnelling systems causing low-frequency
phase noise, we investigate different superconducting materials. In this
contribution, we present different aspects related to the optimisation
of our superconducting resonators.

TT 29.5 Mon 15:00 Poster B
Characterisation of a MMC-based integrated photon and
phonon detector for 0v33 search — eParricia KunTz!, DANIEL
UnceR!, CLEMENS HasseL!, FELix AHRENs!, CHRISTIAN Enss!, An-
DREAS FLEIsSCHMANN!, LOoREDANA GastaLpol, Yonce-Hams Kim?2,
Wonsik YoonZ, MaRTIN LoipL3, Xavier-Francors Navick?, and
Matias Ropricues® — !Kirchhoff-Institute for Physics, Heidelberg
University, Germany — 2IBS Center for Underground Physics, Dae-
jeon, Rep. of Korea — 3CEA, Saclay, France

In the search for Ov3p3, scintillating crystals in cryogenic experiments
allow for an efficient background reduction due to active particle dis-
crimination. This is achieved by the simultaneous measurement of
heat and light generated upon the interaction of a particle in a scin-
tillating crystal. We developed, in the framework of the AMoRE and
LUMINEU experiments, for the search of Ov383 in '9°Mo, large area
integrated photon and phonon detectors based on metallic magnetic
calorimeters (MMCs) able to simultaneously measure the two signals.
We will present the design of the P2 detector, which consists of a
photon detector, with an expected energy resolution of AEpwum <
10 eV and a demonstrated signal rise time of 7 < 50 us and three
phonon detectors with expected AEpwum < 100 €V and 7 < 200 ps.
Furthermore, we will discuss experimental results obtained from the
characterization of a P2 detector, still without any scintillating crystal,
using an external x-ray calibration source. For the first time, we could
investigate the time response of the four detectors on the P2 wafer,
the energy resolution as well as the crosstalk among the detectors.

TT 29.6 Mon 15:00 Poster B
Towards X-ray spectroscopy with sub-eV energy resolution:
Metallic magnetic calorimeters with direct sensor readout. —
eMarTHAUS KRANTZ, SEBASTIAN KEMPF, ANDREAS FLEISCHMANN,
and CHRISTIAN Enss — Kirchhoff-Institute for Physics, Heidelberg
University, Im Neuenheimer Feld 227, 69120 Heidelberg, Germany.

Metallic magnetic calorimeters (MMCs) are energy dispersive parti-
cle detectors that are typically operated well below 100 mK. They
make use of a paramagnetic temperature sensor to convert the energy
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deposited by an X-ray photon within an absorber into a change of sen-
sor magnetization which can be precisely measured using a SQUID.
For state-of-the-art detectors, the temperature sensor is transformer-
coupled to the input coil of a current-sensing SQUID. However, para-
sitic inductances in the flux transformer, as well as transformer losses,
lead to a reduction of the signal size, therefore impairing the energy
resolution. For this reason we have started to develop detectors with
direct sensor readout for which the temperature sensor is placed on top
of the SQUID loop to maximize signal coupling. In our present design
the SQUID is a first-order parallel gradiometer with meander-shaped
SQUID inductance. Due to the greatly enhanced flux coupling as well
as optimized SQUID parameters we expect this detector to surpass our
current MMC world record energy resolution of 1.6eV (FWHM) for
6keV X-rays and push the present limit well below 1eV. We discuss
the optimization process, design and microfabrication processes as well
as very recent results for these devices.

TT 29.7 Mon 15:00 Poster B
Gamma spectroscopy to measure the 222Th isomer energy us-
ing a 2-dimensional array of metallic magnetic microcalorime-

ters — oJ. Gerst!, J. Bussmann!, D. HeEnasTLER!, M. KrRANTZ!,

R. Pons!, P. Scuneper!, C. ScuoTz!, S. KEmpr!, L. GastaLpol,

A. FreiscuMann!, C. Enss!, G.A. Kazakov2, S.P. STELLMERZ,
and T. Scuumm? — Heidelberg University — 2Vienna University of

Technology

The isotope 229Th has a nuclear isomer state with the lowest presently
known excitation energy, which possibly allows to connect the fields
of nuclear and atomic physic with a potential application in a nuclear
clock. In order to verify and improve the accuracy of the currently
most accepted energy value, (7.8 &+ 0.5)eV, we want to resolve the
29.18 keV doublet in the ~-spectrum following the a-decay of 233U,
corresponding to the decay into the ground and isomer state, to mea-
sure the isomer transition energy without additional theoretical input
parameters.

We developed the detector array maXs-30 consisting of 8x8 metallic
magnetic calorimeters with an expected energy resolution below 6eV,
providing a large detection area of 16 mm? to face the low rate of the
29.18keV transitions.

In first measurements we observed the 29.18 keV transitions as a sin-
gle peak with an instrumental resolution of 33 eV.A strong background
contribution due to SB-radiation from accumulated decay products in
the 233U-source was discovered. We present results of the latest mea-
surements with an adjusted maXs-30 detector, new generation SQUIDs
and an updated setup in the cryostat.

TT 29.8 Mon 15:00 Poster B
Polar-maXs: Micro-calorimeter based x-ray polarimeters —
oC. Scuorz!, D. HenastrLEr!, S. Kempr!, L. GastaLpo!, A.
FLeiscHMANNY, C. Enss!, G. WEeBer?3, R. MARTIN?3, O.M.
Herpricn?, and TH. SToHLKER?34 — 1KIP, Heidelberg University

— 2Helmholtz Institute Jena — 3GSI Darmstadt — 4Jena University

We are developing the x-ray detector system polar-maXs, which will
combine for the first time the high energy resolution, large dynamic
range and excellent linearity of magnetic micro-calorimeters with the
idea of a Compton- or Rayleigh-polarimeter.

The x-ray polarimeter comprises two layers. The first layer consists
of a scatterer behind a corresponding collimator. Depending on the
energy range of interest and whether Compton or Rayleigh scattering
is to be used, this scatterer are fabricated from low-Z or high-Z mate-
rial. The active scatter area is 32mm in diameter. The second layer is
the detector itself which is based on microfabricated metallic magnetic
calorimeters (MMC). The scattered x-rays are detected by an array
of 64 x-ray absorbers and read-out by 64 paramagnetic temperature
sensors. The latter are arranged to form a rectangular frame which
is protected from direct x-ray hits by the collimator. Each absorber
covers an area of 1.250mm x 1.250mm and is made of 30 micrometer
thick gold, to guarantee high stopping power for x-rays with energies
up to 30 keV and an energy resolution of better than 20eV (FWHM) in
the complete energy range. We discuss the results of Monte-Carlo sim-
ulations for a variety of scatter materials as well as first measurements
at 20mK in a dilution refrigerator.

TT 29.9 Mon 15:00 Poster B

MOCCA: A 4k-pixel molecule camera for the position and

energy resolving detection of neutral molecule fragments

at the Cryogenic Storage Ring CSR — eDEeNNIs ScHuLz!,

STEFFEN ALLGEIER!, CHRIsTIAN Enss!, ANDREAs FLEISCHMANN!,
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Lisa GAMER!, LOREDANA GasTALDO!, SEBASTIAN KEMPF!, OLDRICH
Novorny?, and ANDREAS WoLF2 — 1 Kirchhoff-Institute for Physics,
Heidelberg — 2Max Planck Institute for Nuclear Physics, Heidelberg

The Cryogenic Storage Ring CSR at the Max Planck Institute for
Nuclear Physics in Heidelberg can be used to prepare and store molec-
ular ions in their rotational and vibrational ground states, enabling
state-resolved studies on electron-ion interactions. The use of Metal-
lic Magnetic Calorimeters for particle detection allows for identifying
all neutral reaction products, using the deposited energy of incident
particles into MMC absorbers as a measure of the particle mass. To re-
solve the complete reaction kinematics, a position sensitive coincident
detection of multiple reaction products is necessary.

For those measurements we designed MOCCA, a 4k-pixel molecule
camera based on MMCs with a detection area of 45 mmx45 mm, which
is segmented into 64x64 absorbers and read out using only 32 SQUIDs.
We discuss the detector design, multi-hit capability, cross-talk and the
integration of its ®He/4He dilution refrigerator into the setup of the
CSR. We show first measurements and the expected energy resolution.

TT 29.10 Mon 15:00 Poster B
Cross Correlated Noise Thermometer for Milli-Kelvin Tem-
peratures — eCHRISTIAN STANDER, ANDREAS REIFENBERGER, FE-
LiIX MUcKE, MARrius HEMPEL, DANIEL RICHTER, SEBASTIAN KEMPF,
ANDREAS FLEISCHMANN, ANDREAS REISER, and CHRISTIAN ENss —
Kirchhoff-Institute for Physics, Heidelberg University.

Within our search for easy-to-use reliable thermometers for milli-
Kelvin and micro-Kelvin temperatures we developed a noise ther-
mometer, where the Johnson noise of a massive cylinder of high
purity (5N) silver is monitored simultaneously by two current sens-
ing dc-SQUIDs. Operating both SQUIDS in voltage biased mode
in 2-stage SQUID configurations allows to reduce the power dissipa-
tion as well as the noise of the SQUIDS to a minimum. By cross-
correlating the two SQUID signals the noise contribution of the read-
out-electronics is suppressed to a marginal level even at micro-Kelvin
temperatures. To further reduce the correlated amplifier noise we fab-
ricated SQUIDs with a new design featuring minimal coupling of input
and feedback coil. We compare two thermometers of this type to a pre-
viously developed noise thermometer in the temperature range from 3K
down to 4mK. Statistical uncertainties below 0.5% are achieved within
10s of measurement time. Within this uncertainty no self-heating was
observable at base temperature.

TT 29.11 Mon 15:00 Poster B
Quickly Tunable Rerigerator for Superconducting Quantum
Circuits — eVasiLii SEVRIUK!, Kuan Tan!, SHumper Masupal,
JAN Goetz!, MarTi Parranen!, DisvyEnpu Hazral, Eric
Hyvyppril, Joonas Govenius!, RussELL LAKE?, VISA VESTERINENS,
Lerr GRONBERG®, JuHA HasseL?, SLavoMIR SiMBIEROWICZS, MAR-
TON GuNyHO!, AARNE KERANEN!, Jani TuoriLal, Tario ALa-
NissiLa%, MarTi Siveri', HERMANN GRABERT®?, and MIKKO
MOTTONENT — 1QCD Labs, COMP Centre of Excellence, Department
of Applied Physics, Aalto University, PO Box 13500, FI-00076 Aalto,
Finland — 2National Institute of Standards and Technology, Boulder,
CO, United States. — 3VTT Technical Research Centre of Finland
Ltd, VI'T, Finland. — 4Departments of Mathematical Sciences and
Physics, Loughborough University, Loughborough, United Kingdom.

— 5Department of Physics, University of Freiburg, Freiburg, Germany.

In the past decade, the research on superconducting quantum circuits
has provided a great number of superior microwave components such
as superconducting qubits, amplifiers, and sensors. Especially in the
opertation of qubits, it is of utmost importance to be able to quickly
remove any unwanted qubit excitations on demand for fast and ac-
curate initialization. We recently introduced a device referred to as a
quantum-circuit rerigerator [K. Y. Tan, et al., Nat. Commun. 8, 15189
(2017)]. In our experiments, we show how we can tune the dissipation
of a superconducting resonator by orders of magnitude just by apply-
ing a bias voltage on the refrigerator. The time scale for switching the
dissipation on and off is in the nanosecond range.

TT 29.12 Mon 15:00 Poster B
Applications for "Dry" Cooling with damped two-stage
Pulse Tube Cryocoolers at their low temperature limit —
eJACK-ANDRE ScumipT!»2, JENS FALTER!, BERND ScHMIDT!2, GUN-
THER THUMMES!2, and ANDRE ScHIRMEISENY2 — 1 TransMIT-Center
for Adaptive Cryotechnology and Sensors, Giessen, Germany,
2Institute of Applied Physics (IAP), Justus-Liebig-University Giessen,
Germany
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Today’s scientific research often requires cooling systems that provide
low background noise and high cooling performance. Pulse Tube Cry-
ocoolers (PTC) [1] fulfill these requirements and combine them with a
regenerative system for long time measurements. PTCs are a prefer-
able choice of "dry" cryostats because of the absence of moving parts
inside the cold head.

PTCs are filled with a working gas (Helium), which is compressed
and expanded in cycles of about 1-2 Hz. This induces intrinsic me-
chanical and thermal variation in all systems with cryocoolers. As a
consequence the adaptation of PTCs to sensitive equipment is a com-
plex procedure and needs intricate techniques for thermal as well as
mechanical damping. In this work we present the intrinsic variations of
PTCs with strategies to minimize the influence on delicate equipment
for long time measurements [2|. Different temperature and vibration
damping units and cryostat designs are discussed, together with a pre-
sentation of the cooling performance of PTCs working under these
conditions.

[1] G. Thummes, Cryogenics, Vol. 38, (1998) 337
[2] R. Schrédel et al., Meas. Sci. Technol. 23 (2012) 094004

TT 29.13 Mon 15:00 Poster B
A versatile demagnetization refrigerator — e ALEXANDER REG-
NAT, JAN SPALLEK, CHRISTOPHER DUVINAGE, and CHRISTIAN PFLEI-
DERER — Physik Department, Technische Universitdt Miinchen

Cooling devices providing temperatures well below 1 K are a key pre-
requisite for modern research and development, e.g., in materials sci-
ence, quantum applications and the cooling of sensors and detectors.
Here we present a versatile and compact demagnetization refrigerator
for the cryogen-free generation of sub-Kelvin temperatures.

TT 29.14 Mon 15:00 Poster B
Lab::Measurement measurement control with Perl —
eS1MON REINHARDT!, CHARLES E. LaNE?, CHRISTIAN BuTscukow?!,
ALExE!I IANKILEVITCH!, ALols DIRNAICHNER!, and ANDREas K.
HoTTeEL! — lInstitute for Experimental and Applied Physics, Univer-
sitit Regensburg, Regensburg, Germany — 2Department of Physics,

Drexel University, Philadelphia, USA

Lab: :Measurement is a collection of Perl 5 modules providing con-
trol of test and measurement devices. It allows for quickly set-
ting up varying and evolving complex measurement tasks with di-
verse hardware. Instruments can be connected by means such as
GPIB (IEEE 488.2), USB-TMC, or VXI-11 / raw network sock-
ets via Ethernet. Internally, third-party backends as e.g. Linux-
GPIB, National Instruments’ NI-VISA library or Zurich Instruments’
LabOne API are used, as well as lightweight drivers for USB and
TCP/IP-based protocols. The wide range of supported connection
backends enables cross-platform portability. Dedicated instrument
driver classes relieve the user from taking care of internal or vendor-
specific details. A high-level layer provides fast and flexible creation
of nested measurement loops, where e.g. several input variables are
varied and output data is logged into a customizable folder structure.
Lab: :Measurement has already been successfully used in several low
temperature transport spectroscopy setups. It is free software and
available at http://www.labmeasurement.de/

TT 29.15 Mon 15:00 Poster B
Phase-sensitive dynamic susceptibility measurement in a
pulsed magnetic field — eLars PostuLka, BERND WOLF,

and MicHAEL LaANG — Physikalisches Institut, Goethe Universitat,
SFB/TRA49, Frankfurt, DE

Dynamic susceptibility, commonly referred to AC susceptibility, is a
powerful tool to characterize magnetic phase transition or spin relax-
ation processes in the presence of a magnetic field. The standard
technique for accessing this quantity is based on measurements of the
voltage in a coil which is induced by magnetization changes of a sample
due to a small outer oscillating field. Importantly, this setup allows
for a phase-sensitive detection of the susceptibility, thereby providing
direct access to the dynamics of the spin system. This method is well
established for the use in constant magnetic fields. However, in mod-
ern solid state physics, interesting physical phenomena emerge in high
fields, conveniently accessible by the use of pulsed-field technology.
Whereas various techniques to infer the in-phase part of the suscepti-
bility are regularly used, methods to determine the out-of-phase part
have not yet been reported. Here we present the first realization of
an AC susceptometer for measurements in pulsed field. In particular,
we focus on technical aspects including all electronic devices and a
possible coil design. We prove the feasibility by measurements of the
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susceptibility on a spin chain compound.

TT 29.16 Mon 15:00 Poster B
A low-temperature vector-field ultrahigh vacuum scanning
tunneling microscope facility for the study of quantum ma-
terials — eQincYU HE, XINGLU QUE, LiHul ZHou, ANDREAS RosT,
and HipENORI Takact — Max-Planck Institute ,Heisenberg Strasse 1,
Vaihingen, Stuttgart, Germany

A low-temperature vector-field ultrahigh vacuum scanning tunneling

microscope facility for the study of quantum materials

Scanning tunneling microscopes (STM) play a very important role
in the study of quantum materials by correlating electronic properties
with structures at the atomic scale. In my poster, I will present our
home built ultrahigh vacuum STM facility with a base temperature of
1.2 K. A 3 T vector field as well as 9 T perpendicular to the sample
surface can be applied. It features a compact design and has a long
holding time. Updating with a 3He refrigerator is ongoing, which will
enable us to reach a higher energy resolution.

TT 30: Poster Session: Disordered Quantum Systems

Time: Monday 15:00-19:00

TT 30.1 Mon 15:00 Poster B
On the relation between chicken eyes and supercon-
ducting vortex lattices — eJose BeniTo-LLorens!:2, ANnToN
FenTeE!2, EDWIN HERRERA!'2, HERMANN SUDEROW!2, and ISABEL
GuiLLamon!2 — Laboratorio de Bajas Temperaturas y Altos Cam-
pos Magnéticos, Unidad Asociada UAM, CSIC, Departamento de
Fisica de la Materia Condensada — 2Instituto de Ciencia de Materi-
ales de Madrid Nicolas Cabrera and Condensed Matter Physics Center
(IFIMAC), Universidad Auténoma de Madrid, Spain

The arrangements of cells in a chicken eye are not randomly disordered,
but are instead hyperuniform. Hyperuniformity is also observed in su-
perconducting vortex lattices, even when vortex pinning centers are
arranged randomly.

Here we analyze images of disordered superconducting vortex lat-
tices taken with a scanning tunneling microscope. We analyze the
potential that creates the disorder influencing the vortex lattice and
present two limiting cases, random pinning and uncorrelated long range
disorder created by a 1D potential at an angle with the vortex lattice.
The latter is a hyperuniform potential in a somewhat trivial way, be-
cause it is a discommensuration between two ordered lattices.

We find that in both cases, the structure factor of the vortex lattice
decreases to zero for large wavelengths with power laws. We discuss
imaging experiments showing vortex motion and their relevance for
the proposed phenomena.

Work supported by Spanish MINECO, ERC, Starting Grant and
CIG Marie Curie program.

TT 30.2 Mon 15:00 Poster B
Dielectric measurements of the dynamics of atomic tunnel-
ing systems in thin-film AlO, — eSaskia M. MEISSNER, ARNOLD
SEILER, and GEORG WEIss — Physikalisches Institut, Karlsruher In-
stitut fiir Technologie

From the study of glasses atomic tunneling systems (TS) are well
known to dominate the low temperature properties of disordered mate-
rials. They also appear in thin-film dielectrics of superconducting cir-
cuits, where AlO, is a common material for the fabrication of Joseph-
son junctions.

We present a broadband study of the dynamics of TS contained
in thin-film disordered AlO, ranging from kHz to GHz frequencies.
The TS’ density of states is probed at kHz frequencies by capacitance
measurements as well as in the GHz range by tracking the resonance
frequencies of superconducting microstrip resonators with embedded
plate capacitors. This geometry creates a homogeneous electric field
which is concentrated in the dielectric AlO, reducing the influence of
the native oxide on the surface of the Al structures.

The large bandwidth of excitation frequencies allows to verify the
standard tunneling model but contrary to the predictions we measured
an increasing density of T'S with increasing temperature. Moreover,
our observations reveal that the relaxation rates of TS are not only
caused by their interaction with phonons and other TS as expected in
dielectrics but also by quasiparticles penetrating the AlO, from the
superconducting Al plates.

TT 30.3 Mon 15:00 Poster B
Interaction of electrons with atomic tunneling systems in
a Zr-basedsuperconducting metallic glass — e ARNOLD SEILER,
Saskia M. MEissNER, and GEORG WEIss — Physikalisches Institut,
Karlsruher Institut fiir Technologie

The low temperature properties of amorphous materials are known to
be dominated by tunneling systems (TS) formed by atoms or groups
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of atoms that can tunnel between different configurations. Despite the
success of the standard tunneling model in describing the properties
of disordered dielectrics, its predictions for metallic glasses still appear
incomplete.

In this work we investigate a Zr-based metallic glass by means of
ultrasonic waves where the interaction of TS with quasiparticles or
conduction electrons can be switched on and off by suppressing the
superconductivity by a magnetic field. The onset of the relaxation
process gives a clear indication of the energy relaxation rate of TS
and allows to separate the underlying interactions and their coupling
strength. Taking into account the temperature dependence of the finite
linewidth and relaxation rate of T'S in numerical calculations allows to
reproduce the appearance of a crossing point of the sound velocity
between normal and superconducting state.

Contrary to the expectation of a frequency-independent, logarithmic
increase of the sound velocity with temperature, we found a frequency
dependence of the temperature variation in the normal conducting
state when changing the frequency of ultrasonic excitation from 1 GHz
to 2 GHz.

TT 30.4 Mon 15:00 Poster B
Thin-film piezoelectric ZnO transducers for studies of tun-
neling systems in disordered materials with ultrasonic waves
— oAXEL GULLASCH, SASKIA M. MEISSNER, ARNOLD SEILER, and
Georc WEIss — Physikalisches Institut, Karlsruher Institut fiir Tech-
nologie
The ultrasonic pulse propagation technique is a standard method for
the study of fundamental properties of solids. Electron-phonon cou-
pling in metals or semiconductors, spin-phonon interactions in mag-
netic systems as well as phonon coupling to collective excitations and
sound propagation effects near phase transitions are a number of ap-
plications.

Ultrasonic methods are also an important tool to study atomic tun-
neling systems (TS) which often dominate the low temperature prop-
erties of disordered materials. In superconducting metallic glasses me-
chanical deformations are the method of choice to study TS and their
interaction with conduction electrons.

For all these methods thin film 0.3-1 um piezoelectric transducers
are fabricated to be able to produce acoustic sound waves in the range
of 0.5-2 GHz. ZnO is deposited by physical vapor deposition utilizing
RF-magnetron sputtering. The quality of our ZnO-films is analyzed
with an ultrasonic pulse-echo method using a probe station for lateral
scanning of the piezoelectric transducers.

TT 30.5 Mon 15:00 Poster B
Low Frequency Acoustic and Dielectric Measurements of a
Polymer Glass Containing Nuclear Quadrupole Moments —
ePATRICK SCHYGULLA, ANDREAS REISER, ANNINA LUcK, BENEDIKT
FreEy, NicoLE AssMANN, ANDREAS FLEiscHMANN, and CHRIs-
TIAN Enss — Kirchhoff-Institut fiir Physik, Universitat Heidelberg,
INF 227, D-69120 Heidelberg

Recent studies of glasses with nuclear electric quadrupole moments
such as N-KZFS11 and HY-1 have revealed deviations in the dielectric
function from the predictions of the standard tunneling model (STM),
in particular an additional relaxational contribution.

‘We used a double paddle oscillator for acoustic and a capacitance
bridge for dielectric measurements in order to investigate the elastic
and dielectric susceptibility respectively at temperatures ranging from
7 to 700 mK and at frequencies between 60 Hz and 16 kHz. The exam-
ined polymer glass, FR-122P, has an atomic bromine content of 11 %
with a well defined hyperfine level splitting of vq ~ 250 MHz. While
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at higher temperatures one-phonon processes can explain the data, be-
low the temperature of the maximum the resonant contribution to the
change of sound velocity is hardly visible and in the loss data a constant
contribution was found in contrast to the expected T3-dependence.
The measured results are compared to numerical calculations of differ-
ent extensions to the STM accounting for the presence of quadrupole
moments. Also, first results are discussed from a newly designed ex-
perimental setup allowing for selectively saturating the quadrupolar
transition of the nuclei during the measurement.

TT 30.6 Mon 15:00 Poster B
Influence of Nuclear Quadrupole Moments on Dielectric Po-
larization Echoes — ¢ ANDREAS SCHALLER, MARCEL HaAs, ROBERT
Haase, ANNA PoLLITHY, SERGEY TSURKAN, MATTHIAS SINNWELL,
ANDREAS FLEISCHMANN, ANDREAS REISER, and CHRISTIAN ENnss —
Kirchhoff-Institute for Physics, Heidelberg University, D-69120 Heidel-
berg

Many low temperature properties of amorphous solids are well de-
scribed by the phenomenological standard tunneling model. However,
measurements of the dielectric constant, sound velocity, and dielec-
tric polarization echoes of glasses containing atoms carrying nuclear
quadrupole moments revealed unexpected characteristics, such as mag-
netic field dependencies, which are not observed in glasses without
nuclear quadrupole moments.

We present new results of dielectric two-pulse polarization echo mea-
surements carried out on different multicomponent glasses and poly-
mers containing large nuclear quadrupole moments. For all these sam-
ples the two-pulse-echo decay occurs on a comparably short timescale
and we observe a dependency of the echo amplitude on the electric
field strength of the excitation pulses which is weaker than for glasses

without large nuclear quadrupole moments. In order to probe the echo
decay at sub-us times we developed microstructured superconducting
planar resonators for which the quality factor can be determined by
design. We show the results of first test measurements.

TT 30.7 Mon 15:00 Poster B
Dielectric Properties of a Brominated Molecular Glass at
Low Frequencies and Low Temperatures — eNICOLE ASSMANN,
ANNINA Luck, BENEDIKT FREY, ANDREAS FLEISCHMANN, ANDREAS
REISER, and CHRISTIAN ENss — Kirchhoff-Institute for Physics, Hei-
delberg University, D-69120 Heidelberg

The low temperature behavior of amorphous solids is determined by
atomic tunneling systems and can be described by the phenomenolog-
ical standard tunneling model (STM). In the last two decades, several
deviations from STM-like behavior have been observed which triggered
a number of refinements of this model taking microscopic details of
the tunneling entity and motion as well as the presence of nuclear mo-
ments into account. In order to study particularly the effect of large
nuclear quadrupole splittings on the structure and dynamics of atomic
tunneling systems we investigated brominated Bisphenol A diglycid-
ether (BrDGEBA). This simply structured molecule contains about
5% bromine which carries a very large quadrupole moment. In addi-
tion to its vitreous behaviour and well known quadrupole splitting of
250 MHz, it provides the possibility of adjusting the bromine concen-
tration of the sample by mixing it with its unbrominated version. As
a first attempt we measured the dielectric properties of an undiluted
sample between 60 Hz and 16 kHz at temperatures down to 10 mK and
ascertained large deviations from the STM at low frequencies combined
with low temperatures.

TT 31: Dynamics in Many-Body Systems: Interference, Equilibration and Localization Il (joint
session DY /TT)

Time: Monday 15:30-17:45

TT 31.1 Mon 15:30 EB 107
Finite-size effects in canonical and grand-canonical quan-
tum Monte Carlo simulations for fermions — ZHENJIU WANG,
FakHER F. Assaap, and eFrRANCEscO PARISEN ToLDIN — Institut
fiir Theoretische Physik und Astrophysik, Universitdt Wiirzburg, Ger-
many

We introduce a quantum Monte Carlo method at finite temperature
for interacting fermionic models in the canonical ensemble, where the
conservation of the particle number is enforced. Although general ther-
modynamic arguments ensure the equivalence of the canonical and the
grand-canonical ensembles in the thermodynamic limit, their approach
to the infinite-volume limit is distinctively different. Observables com-
puted in the canonical ensemble generically display a finite-size correc-
tion proportional to the inverse volume, whereas in the grand-canonical
ensemble the approach is exponential in the ratio of the linear size over
the correlation length. We verify these predictions by quantum Monte
Carlo simulations of the Hubbard model in one and two dimensions in
the grand-canonical and the canonical ensemble. We prove an exact
formula for the finite-size part of the free energy density, energy density
and other observables in the canonical ensemble and relate this correc-
tion to a susceptibility computed in the corresponding grand-canonical
ensemble. This result is confirmed by an exact computation of the one-
dimensional classical Ising model in the canonical ensemble, which for
classical models corresponds to the so-called fixed-magnetization en-
semble. Our method is useful for simulating finite systems which are
not coupled to a particle bath, such as in nuclear or cold atom physics.

TT 31.2 Mon 15:45 EB 107
Coupling of hydrodynamic fluctuations to diffusive modes in
a one-dimensional current-carrying wire — ePHILIPP WEISS,
MARceEL GIEVERS, and AcHiM RoscH — Institute for Theoretical
Physics, University of Cologne, Germany

Closed systems with conservation laws approach thermal equilibrium
only algebraically slowly after a sudden perturbation. The reason is
that the built-up of equilibrium fluctuations is tied to the diffusive
transport of the conserved quantities which results in hydrodynamic
long-time tails. A similar behavior is expected for a current-carrying
wire, coupled to leads which serve as source and sink of electrons. Here,
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fluctuation corrections near the connections decay slowly in space along
the wire. Though tailored to transport problems, the Boltzmann equa-
tion predicts exponentially fast relaxation indicating that the Boltz-
mann description omits crucial processes. This can be cured ad hoc
by adding collision noise which gives rise to a stochastic Boltzmann-
Langevin equation. However, the full equation is hard to solve and
approximation schemes are needed when investigating a specific sys-
tem.

We propose a “noisy relaxation time approximation” which satisfies
the conservation laws and provides a properly correlated noise term.
We examine this novel tool using the example of the one-dimensional
current-carrying wire: Can we observe the expected long-distance
tails? How does our approximation compare to the real dynamics?
And to which extent can we control it?

TT 31.3 Mon 16:00 EB 107
Photo-carrier relaxation of correlated band insulators —
eNAGAMALLESWARA RaAO Dasari’ and MARTIN EcKsTEIN? —
1 Friedrich-Alexander Universitat Erlangen-Nurnberg, Erlangen, Ger-
many. — 2Friedrich-Alexander Universitat Erlangen-Nurnberg, Erlan-
gen, Germany.

Tonic band insulators are characterized by charge gap, which is given
by staggered Ionic potential (A). Electronic correlations (U) in these
insulators screens the charge gap and makes it smaller than the spin
gap. Such correlated band insulators are realized by using simplest
model Hamiltonian, i.e., Ionic Hubbard model. In this work, we have
studied Ionic Hubbard model in the weak coupling limit by using non-
equilibrium dynamical mean-field theory and iterated perturbation
theory as an impurity solver. We find that photo-excited correlated
band insulators thermalize rapidly when local coulomb interaction is
greater than or equal to staggered Ionic potential (U>=A). However,
in the opposite case where U<A, photo-excited system relaxes to a
non-thermal steady state, and we did not see the thermalization of
this state in our simulation time.

TT 31.4 Mon 16:15 EB 107

Resonant thermalization of periodically driven strongly cor-
related electrons — eFRANCEsco PERoNAcI, MARCO ScHIRO, and
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OLiviEr PARcOLLET — Institut de Physique Théorique (IPhT), Gif-
sur-Yvette, France

We study the dynamics of the Fermi-Hubbard model driven by a time-
periodic modulation of the interaction within nonequilibrium Dynam-
ical Mean-Field Theory. For moderate interaction, we find clear ev-
idence of thermalization to a genuine infinite-temperature state with
no residual oscillations. Quite differently, in the strongly correlated
regime, we find a quasi-stationary extremely long-lived state with os-
cillations synchronized with the drive (Floquet prethermalization). Re-
markably, the nature of this state dramatically changes upon tuning
the drive frequency. In particular, we show the existence of a critical
frequency at which the system rapidly thermalizes despite the large
interaction. We characterize this resonant thermalization and provide
an analytical understanding in terms of a break down of the periodic
Schrieffer-Wolff transformation.

TT 31.5 Mon 16:30 EB 107
Dynamical Typicality for initial states with a preset mea-
surement statistics of several commuting observables — eBEN
NikLAas BarLz and PETER REIMANN — Fakultat fiir Physik, Univer-
sitét Bielefeld, Germany

We consider all pure or mixed states of a quantum many-body sys-
tem which exhibit the same, arbitrary but fixed measurement out-
come statistics for several commuting observables. Taking those states
as initial conditions, which are then propagated by the pertinent
Schrédinger or von Neumann equation up to some later time point,
and invoking a few additional, fairly weak and realistic assumptions, we
show that most of them still entail very similar expectation values for
any given observable. This finding thus corroborates the widespread
observation that few macroscopic features are sufficient to ensure the
reproducibility of experimental measurements despite many unknown
and uncontrollable microscopic details of the system.

TT 31.6 Mon 16:45 EB 107
Formation of Few-Electron-Complexes — eHUBERT KLAR —
Univ. Freiburg

Systems of 2,3 or 4 electrons in the field of a nucleus are shown to
posses unstable equilibrium configurations. The many-body potential
energy surface has in such configurations saddle points. AS model we
study a saddle point with only one fragmentation direction, and show
that the diffraction of an electron wave from the corresponding poten-
tial ridge manifests itself as a novel fictitious force being temporarily
attractive between electrons. Moreover that force deforms the static
potential surface and predicts an energy gap. Our theory extends and
translates Wannier classical ionization theory into quantum mechan-
ics. In contrast to Cooper pairs our electronic binding mechanisme
stems entirely from correlation rather than fom lattice vibrations.

TT 31.7 Mon 17:00 EB 107
Dynamic Analysis of a Scissors Structure — eYuTta Hamal,
Icairo Ario!, Kotaro Apacar!, and Yukr CHIKAHIRO?
Hiroshima University, Higashi-hiroshima, Japan — 2Shinsyu Univer-

sity, Nagano, Japan

The paper presents a new type of deployable and/or folding bridge,
which can be quickly constructed in case of damages after a natu-

ral disaster. The concept of the bridge is based on the application
of scissor-type mechanism, which provides its rapid deployment. The
presented research reviews fundamental numerical and experimental
results for the full-sized scissors structure. Experimental testing in-
cluded strain and acceleration measurements in free and forced load-
ing conditions. From these results, it was possible to estimate basic
dynamic characteristics of the bridge. Besides, in order to provide a
basis for development of new construction methods under gravity. This
dynamic research allows for a better and safer design of the movable
and foldable full-scale scissors type of bridge.

TT 31.8 Mon 17:15 EB 107
Dynamics in the ergodic phase of the many-body localiza-
tion transition for a periodically driven system — eTaLia L.
M. Lezamal, Soumya Bera?, and Jens H. Barparson® — Max
Planck Institute for the Physics of Complex Systems, 01187 Dresden,
Germany — 2Department of Physics, Indian Institute of Technology
Bombay, Mumbai 400076, India — 3Department of Physics, KTH
Royal Institute of Technology, Stockholm, SE-106 91 Sweden

Closed disordered interacting quantum systems can experience a many-
body localization phase transition when tuning the disorder strength
around its critical value. Recent studies have shown that the ergodic
phase is not a common metallic phase but that it rather exhibits non-
trivial mechanisms (mainly Griffiths effects) foregoing the many-body
localized phase. Those mechanisms have been described in terms of
dynamical quantities such as autocorrelation functions, return proba-
bility, entanglement entropy and imbalance, to mention some. Here,
we study the dynamics of a Floquet model of many-body localization,
focussing on the dynamical regimes on the ergodic side of the transi-
tion.

TT 31.9 Mon 17:30 EB 107
Characterizing time-irreversibility in disordered fermionic
systems by the effect of local perturbations — eGiusepPE DE
Towmast', FRaNk PoLLMaNN?, MarRkuUs HEvL!, SHREYA VARDHAN?,
and Eric HELLER?* — 'MPIPKS, Dresden, Germany — 2TMU, Mu-
nich, Germany — 3MIT, Cambridge, USA — “4Harvard, Cambridge,
USA

We study the effects of local perturbations on the dynamics of dis-
ordered fermionic systems in order to characterize time-irreversibility.
We focus on three different systems, the non-interacting Anderson and
Aubry-André-Harper (AAH-) models, and the interacting spinless dis-
ordered t-V chain. First, we consider the effect on the full many-body
wave-functions by measuring the Loschmidt echo (LE). We show that
in the extended/ergodic phase the LE decays exponentially fast with
time, while in the localized phase the decay is algebraic. We demon-
strate that the exponent of the decay of the LE in the localized phase
diverges proportionally to the single-particle localization length as we
approach the metal-insulator transition in the AAH model. Second,
we probe different phases of disordered systems by studying the time
expectation value of local observables evolved with two Hamiltonians
that differ by a spatially local perturbation. Remarkably, we find that
many-body localized systems could lose memory of the initial state in
the long-time limit, in contrast to the non-interacting localized phase
where some memory is always preserved.

TT 32: Focus Session: Chiral Topological Superconductors and Majorana Fermions

Chiral topological superconductors provide a paradigm of unconventional superconductivity. Such sys-
tems break time-reversal symmetry and exhibit rather exotic properties: they feature dispersive Majo-
rana modes around their sample edge, and quantum vortices might host Majorana zero modes which
display non-Abelian braiding statistics. This symposium aims to provide an overview of the current
experimental and theoretical status as well as future directions of both chiral bulk superconductors and
Shiba lattice systems presented by some of the leading experts in the field.

Organization: Katharina Franke, FU Berlin; Stephan Rachel, University of Melbourne

Time: Tuesday 9:30-12:45

Invited Talk TT 32.1 Tue 9:30 H 0104
Spin-Triplet Superconductivity in the Ruthenate
oY OsSHITERU MAENO — Department of Physics, Kyoto University,
Kyoto, Japan
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The superconducting symmetry of SroRuO4 has been widely recog-
nized as spin-triplet, chiral p-wave, based on a number of experimental
observations as well as theoretical examinations. Although there are
unresolved issues to explain, such as the strong suppression of the up-
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per critical field and the first-order transition for the in-plane magnetic
fields, there does not seem to be an alternative spin-singlet scenario at
present capable of explaining all the key experiments [1].

In this talk, some important facts to consider towards refining the
proper spin-triplet scenario are presented, such as the multicompo-
nent order parameter characteristics of the intrinsic "1.5-K phase".
This talk also addresses the issue of topological superconductivity of
SroRuOy4. Depending on the direction of the Cooper-pair d-vector,
spinfull Dirac electron edge modes or spinless Majorana edge modes
are expected.

This talk is mainly based on the collaborations and discussions with
S. Kashiwaya, M. Sato, C. Hicks, A.P. Mackenzie, S. Yonezawa, Y.
Yasui, K. Lahabi, and J. Aarts.

[1] A.P. Mackenzie et al., npj Quantum Materials (2017) 2:40.

Invited Talk TT 32.2 Tue 10:00 H 0104
Paths Towards Chiral d-wave Superconductivity — eRoNNY
THOMALE — Universitat Wiirzburg, Am Hubland, 97074 Wiirzburg

Starting by the discovery of integer quantum Hall effect in 1980, chiral
topological states of matter have been in the focus of contemporary ex-
perimental and theoretical research. Astonishingly, despite significant
effort and promising progress e.g. regarding the analysis of strontium
ruthenate, unambiguous evidence for a chiral superconducting state of
matter has remained an open problem until today. In this talk, we wish
to sketch latest efforts to accomplish such an objective, and argue that
hexagonal unconventional superconductors appear as one most inter-
esting direction to realise chiral superconductivity which, from a mean
field perspective, amounts to realising a Chern insulator of Bogoliubov
quasiparticles.

Invited Talk TT 32.3 Tue 10:30 H 0104
Towards the Design of Majorana Bound States in Artificially
Constructed Magnetic Atom Chains on Elemental Supercon-
ductors — eRoLAND WIESENDANGER — Dept. of Physics, University
of Hamburg, Hamburg, Germany

We demonstrate the fully-controlled bottom-up fabrication of artifi-
cial 1D atomic chains from individual magnetic Fe adatoms on high
spin-orbit coupled superconducting Re(0001) substrates by STM-based
atom-manipulation techniques at T=350 mK. Spin-polarized STM
measurements indicate the presence of non-collinear spin textures,
i.e. spin spiral ground states, stabilized by interfacial Dzyaloshinskii-
Moriya interactions. Tunneling spectra measured spatially resolved
on the Fe-atom chain on Re(0001) reveal the evolution of the local
density of states inside the superconducting gap as well as the devel-
opment of zero-energy bound states at the ends of the chain, which are
distinguishable from trivial end states by systematically increasing the
number of atoms within the Fe-atom chain. The experimental results
will be compared with model-type calculations supporting the inter-
pretation of the spectroscopic signatures at the ends of the chains as
Majorana bound states. Such Majorana states can encode topological
qubits and ultimately provide a new direction in topological quantum
computation.

15 min. break.

Invited Talk TT 32.4 Tue 11:15 H 0104
Design of Majorana Modes: From Magnetic Skyrmions to
Dimensional Tuning — eDIRK MoRrRR — University of Illinois at
Chicago, Chicago, USA

The experimental observation of Majorana bound states in topologi-
cal superconductors represents a major breakthrough in realizing their
applications in topological quantum computing and has stimulated the
search for new possibilities to create and manipulate Majorana states
at the nanoscale.

In this talk, I discuss the design of Majorana edge states in magnetic-
superconducting hybrid structures and the ability to manipulate them
through changes in the shape of the system or the creation of the mag-
netic skyrmions. I show that the tunneling conductance into Majorana
edge states is quantized and proportional to the Chern number, C,
while the chirality of the supercurrent carried by the Majorana modes
reflects the sign of C, providing important insight into the nature of
topological phases. Moreover I demonstrate the existence and un-
conventional spatial structure of superconducting triplet correlations
which can be both time reversal (TR) breaking and TR preserving
within the same system. Finally, I show that it is possible to continu-
ously tune hybrid systems between 2D and 1D topological phases, and
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thus to change the character of the associated Majorana modes.

Invited Talk TT 32.5 Tue 11:45 H 0104
Experimental Hints of Topological Superconductivity in
Hybrid Ferromagnet-Superconductor Systems — GERBOLD
MENARD!, SEBASTIEN GuissarT?, CHRISTOPHE BRUN!, RAPHARL
LericHE!, MIRcEA TRIF2, FRANGOIS DEBONTRIDDER!, DOMINIQUE
DemaIiLLe!, DimiTrl RopircHEv3, PascaL Simon2, and eTRISTAN
CreN! — lInstitut des Nanosciences de Paris, CNRS & Sorbonne Uni-
versity, Paris, France — 2Laboratoire de Physique des Solides, CNRS
& Paris-Saclay University, Orsay, France — 3Laboratoire de physique
et d’étude des matériaux, ESPCI, Paris, France

Just like insulators can present topological phases characterized by
Dirac edge states, superconductors can exhibit topological phases char-
acterized by Majorana edge states. One-dimensional topological su-
perconductors are predicted to host zero energy Majorana fermions at
their extremities. Zero bias anomalies localized at the edge of prox-
imity induced superconducting wires were recently interpreted as fin-
gerprints of the emergence of topological superconductivity [1,2]. By
contrast, 2D superconductors have a one-dimensional boundary which
would naturally lead to propagating Majorana edge states character-
ized by a Dirac-like dispersion. These dispersive Majorana edge states
were recently observed in a Pb monolayer coupled to a nanomagnet [3].
The topological order was confirmed by the observation of Majorana
bound states in vortex cores in this system.

[1] V. Mourik et al., Science 336, 1003 (2012)

[2] S. Nadj-Perge et al., Science 346, 602 (2014)

[3] G. C. Ménard, et al., Nature Comm. (2017)

TT 32.6 Tue 12:15 H 0104
Magnetic impurities on superconducting surfaces — eNicoLAs
LoreNTE — Centro de Fisica de Materiales and Materials Physics Cen-
ter, CSIC-EHU Donostia International Physics Center, San Sebastian,
Spain
A magnetic impurity on a superconducting surface can create a bound
state. The state is localized to the magnetic impurity but it extends
well into the superconductor and along the surface. Its energy is within
the superconductor’s gap. This state is a complex state caused by the
weakening of Cooper pairs due to the magnetic exchange field pro-
duced by the impurity. If another magnetic impurity is approached,
the Shiba states can start interacting. If their spins are aligned, they
can form bonding and antibonding states. As the number of impu-
rities increases forming a chain of impurities, the Shiba states also
increase forming Shiba bands. Under certain conditions, some of these
bands can cross the Fermi energy, closing the superconducting gap.
This can give rise to changes in the topological electronic structure
of the system. As a consequence, if the chain is not infinite, bound
states at the edges of the chain are actually Majorana fermions. I will
show model calculations analyzing the case of Cr chains on a 5-BisPd
superconductor.

TT 32.7 Tue 12:30 H 0104
Search for topological superconductivity in the proximi-
tized, quantum-spin-Hall edge state of bismuth bilayers
— eBErTHOLD JAECK!, YoNGLONG XIE!, SANGJUN JEON!, ARIS
ALEXANDRADINATAZ, B. ANDREI BERNEVIG!, and ALl YazDANI!
1Department of Physics, Princeton University, Princeton, NJ 08544,
USA — 2Department of Physics, Yale University, New Haven, CT
06520, USA

Two-dimensional topological insulators host helical, one-dimensional
(1D) modes that are protected by time-reversal symmetry. Proximity
induced superconductivity on such edge modes is predicted to be topo-
logical in nature and provide a platform for realization of Majorana
zero modes. Previously, scanning tunneling microscopy (STM) stud-
ies have found evidence for topological edge modes in bismuth (Bi)
bilayers on the surface of bulk Bi(111) (1). By epitaxially growing
thin films on the surface of Nb, we have successfully induced super-
conductivity into (111) oriented Bi films. Using high-resolution STM
spectroscopy and quasi-particle interference mapping, we characterize
the nature of both the normal and the superconducting properties of
Bi bilayer edge modes. We find the 1D edge mode to develop a hard
superconducting gap that appears to be spectroscopically distinct from
the 2D surface gap of the bilayer islands. We will describe these and
other experiments designed to elucidate the nature of superconductiv-
ity and search for signatures of topological superconductivity in these
1D topological edge states.

[1] I. Drozdov et al., Nature Phys. 10 (2014) 664.
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TT 33: Nanotubes and Nanoribbons

Time: Tuesday 9:30-11:30

TT 33.1 Tue 9:30 H 0110
Excitons in MoSs nanoribbons: width and localization ef-
fects. — ePI1Nno D’AMico!, DEBOrRAH PRrEzz1!, ANDREA FERRETTI!,
and Erisa MoLinari®>! — 1CNR-NANO-S3, Via Campi 213/a I-
41125 Modena, Italy — 2Physics, Computer Science and Mathematics
Departement, University of Modena and Reggio Emilia, Via Campi

213/a 1-41125 Modena, Italy

The formation of 1D wires of carriers at the edges of MoSy nanorib-
bons (NRs) represents a case study for spontaneous polarization ef-
fects. The spatial confinement and the charge accumulation at the
edges make MoS2-NRs a perfect candidate to investigate interaction
effects at the nanoscale, also in view of possible applications in solar-
energy devices [1,2]. While the electronic and optical properties of
MoS2 bulk monolayers have been the focus of an intense research, the
investigation of MoS2-NRs is at the early stages. We will present a
first principle investigation of the electronic structure and optical ab-
sorption of MoS2-NRs as a function of the NR width, as obtained
within the framework of many-body perturbation theory, according to
the GOWO plus Bethe-Salpeter-Equation scheme. We will show that
both width-dependent and width-independent mechanisms emerges in
the formation of excitonic excitations, and we will explain the relation-
ship between those two mechanisms and the edge-localization of the
carriers. Since the investigated MoS2-NRs are metallic, the present
work deals with the fundamental issue of the presence of excitons in
metals|3].

[1] M. Gibertini et al., Nat. Commun. 5, 5157(14).

[2] M.Gibertini and N. Marzari, Nano Lett. 15, 6229(15).

[3] F. Wang et al., PRL 99, 227401(07).

TT 33.2 Tue 9:45 H 0110
Doubled quasi-bound states in metallic zigzag carbon nan-
otubes: an ab initio perspective — eKrisTiaN EiMRE!, GILLES
Bucnus?, Dario Bercioux®?, CarLo PiaNeporr!, and DANIELE
PasseroNE! — 1Empa, Swiss Federal Laboratories for Materials Sci-
ence and Technology, Switzerland — 2Centre Suisse d’Electronique
et de Microtechnique (CSEM) SA, Switzerland — 2Donostia Inter-
national Physics Center (DIPC), Spain — *IKERBASQUE, Basque
Foundation of Science, Spain

The introduction of defects into single-walled carbon nanotubes
(SWNTs) can induce electron confinement, enabling the implementa-
tion of new SWNT-based quantum devices, such as room temperature
single-electron transistors [1].

By means of density funtional theory we compute the electronic
structure of metallic zigzag SWNTs, 50 nm long, with defects. Scan-
ning tunneling spectroscopy (STS) simulations are performed to obtain
the local density directly comparable to STS experiments.

We show that a particular configuration of the defects produces a
doubling of the quasi-bound states in the zigzag nanotube. Our pre-
dictions are supported by an experimental case where a partially sus-
pended zigzag tube shows split quasi-bound states between defects
induced by ArT ions [2].

[1] Postma, H. W. C et al. Science 293, 76 (2001)
[2] Buchs, G. et al. Phys. Rev. Lett. 102, 245505 (2009)

TT 33.3 Tue 10:00 H 0110
Carbon nanotube transfer into complex devices with com-
mercial quartz tuning forks — ePATRICK STEGER, ALEXANDER
ALBANG, STEFAN BLIEN, and ANDREAS K. HUTTEL — Institute for
Experimental and Applied Physics, University of Regensburg, 93040,
Regensburg, Germany

For experiments in the GHz regime we intend to couple suspended,
clean carbon nanotubes (CNTs) to a superconducting coplanar wave-
guide (CPW) resonator. However, device fabrication is still challeng-
ing. Wet chemical processing as well as plasma etching can cause
contamination and defects in the nanotubes while the conditions dur-
ing CVD needed for nanotube growth can destroy superconducting
on-chip circuitry.

To increase our fabrication yield we have developed a fork transfer
method that allows us to separate the CVD process for CNT growth
from the rest of the device fabrication. CNTs are grown between the
tips of a commercial quartz tuning fork. In a subsequent step the
tubes are transferred to the device containing dc electrodes as well
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as superconducting RF circuitry. Our transfer setup allows in situ
precharacterization of the CNT during the transfer process. When a
suitable CNT is found, the transfer process is completed by cutting
the tube with current pulses at both ends.

We show first results of CNTs successfully transferred to a niobium
CPW resonator device. Transport measurements at millikelvin tem-
peratures show characteristics of a low number of high quality nan-
otubes and confirm the feasibility of transparent contacts.

TT 33.4 Tue 10:15 H 0110
Influence of defect-induced deformations on electron trans-
port in carbon nanotubes — eFaBiaN TricHERT!3® CHRIs-
TIAN WaGNERD2, ALEXANDER CRroY?, and JO6RG SCHUSTER?® —
Hnstitute of Physics, Technische Universitit Chemnitz, Chemnitz,
Germany — 2Center for Microtechnologies (ZfM), Technische Univer-
sitéit Chemnitz, Chemnitz, Germany — 3Dresden Center for Computa-
tional Materials Science (DCMS), Dresden, Germany — *Institute for
Materials Science and Max Bergmann Center of Biomaterials, Technis-
che Universitat Dresden, Dresden, Germany — SFraunhofer Institute
for Electronic Nano Systems (ENAS), Chemnitz, Germany

We theoretically investigate the influence of defect-induced long-range
deformations in carbon nanotubes on their electronic transport prop-
erties using a density-functional-based tight-binding (DFTB) model
[1]. The geometry optimization leads to a strong reconstruction of
the atoms close to the defect and an additional long-range deforma-
tion. The impact of both structural features on the conductance is
systematically investigated for various tubes with vacancies.

We find that the long-range deformation additionally affects the
transmission spectrum and the conductance compared to the short-
range reconstruction. The conductance of larger CNTs is overall less
affected implying that the influence of the long-range deformation de-
creases with increasing tube diameter. Our results indicate that the
long-range deformation must be included in order to reliably describe
the electronic structure of defective, small-diameter CNTs.

[1] F. Teichert et al., arXiv:1705.01753 [cond-mat.mes-hall]

TT 33.5 Tue 10:30 H 0110
Renormalization group study of competing low-temperature
phases in single-wall carbon nanotubes — WEeN-MiN Huancg!,
eJunicHr OkaMoTo?3, and Lupwic MaruEY?3 — !Department of
Physics, National Chung-Hsing University, Taichung 40227, Taiwan —
2Zentrum fiir Optische Quantentechnologien and Institut fiir Laser-
physik, Universitdt Hamburg, 22761 Hamburg, Germany — 3The
Hamburg Centre for Ultrafast Imaging, Luruper Chaussee 149, 22761
Hamburg, Germany

Carbon nanotubes (CNs) are intriguing one-dimensional systems where
various electronic states emerge from their microscopic details. Exam-
ples are superconducting states in CNs embedded in a zeolite matrix
[1], Mott insulating states in ultraclean CNs [2], and Wigner crystals
in semiconducting CNs [3]. Here, we theoretically investigate the low-
temperature phase diagrams of single-wall CNs by a renormalization
group method. Important ingredients are: (i) electron-phonon inter-
actions that may induce superconductivity or Peierls distortion and
(ii) electronic correlations that may cause Mott insulating states. We
discuss some preliminary consequences of the competition among these
phases.

[1] Z. K. Tang et al., Science 292, 2462 (2001)

[2] V. V. Deshpande et al., Science 323, 106 (2009)

[3] V. V. Deshpande and M. Bockrath, Nat. Phys. 4, 314 (2008)

TT 33.6 Tue 10:45 H 0110
Dark states in a carbon nanotube quantum dot - theory —
MicHAEL NIkLAs!, MICHAEL SCHAFBERGER?, e ANDREA DONARINI,
NicoLa Parapiso?, CHRISTOPH STRUNK?, and MILENA GRIFONI! —
Mnstitute of Theoretical Physics, University of Regensburg, 93053 Re-
gensburg, Germany — 2Institute of Experimental and Applied Physics,

University of Regensburg, 93053 Regensburg, Germany

The dark states are the key to interpret the transport characteristics of
a class of single electron transistors based on carbon nanotubes (CNT)
quantum dots. The emergence of the dark states relies on the (quasi)
valley degeneracy of the CNT and on the particular coupling to the
metallic leads. The difference between the tunneling phases to the
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two electrodes is the most relevant parameter of the theory. Besides
characterizing the dark states, this phase difference determines also
the precession dynamics of the pseudospin associated to the orbital
degeneracy. This theory predicts current suppression with a specific
gate and bias dependence which accurately matches the experimental
results.

TT 33.7 Tue 11:00 H 0110
Dark states in a carbon nanotube quantum dot - exper-
iment — MicHAEL NikLas!, MICHAEL SCHAFBERGER?, ANDREA
DonARINT', eNicorAa Parapiso?, CHRISTOPH STRUNKZ, and MILENA
Griront! — lInstitute of Theoretical Physics, University of Regens-
burg, 93053 Regensburg, Germany — 2Institute of Experimental and
Applied Physics, University of Regensburg, 93053 Regensburg, Ger-
many

Illumination of three level atoms (A-systems) by detuned lasers can
pump electrons into a coherent superposition of hyperfine-split levels
which can no longer absorb light. Because fluorescent light emission is
then suppressed, the coherent superposition is known as a dark state.
We report an all-electric analogue of this destructive interference ef-
fect in a carbon nanotube quantum dot. A dark state is in this case
a coherent superposition of states with opposite angular momentum
which is fully decoupled from either the drain or the source leads. The
emergence of dark states impacts the current-voltage characteristics,
where missing current steps are observed depending on the sign of
the applied source-drain bias. Our results demonstrate for the first
time coherent-population trapping by all-electric means in an artificial
atom.

TT 33.8 Tue 11:15 H 0110
Coupling a terahertz cavity to a carbon nanotube quan-
tum dot — eF. VaLmorral2) K. Yosuma3, L. Contamint, T.
CuBAyNEs!, M. DarriaiLu!, M. DessarDINs!, S. MassaBeau!, K.
Hirakawa®, J. MangeNeEY!, A. CorTeT!, and T. KonTtos! —
ILaboratoire Pierre Aigrain, CNRS UMR 8551, ENS, 24 rue Lhomond,
75005 Paris, France — 2Early-Postdoc Fellow of the Swiss National
Science Foundation — 3Institute of Industrial Science, University of
Tokyo, 4-6-1 Komaba, Meguro-ku, Tokyo 153-8505, Japan
One of the most interesting aspects of science is the fundamental, co-
herent interaction of light and matter, down to the quantum level of
countable photons and single electronic transitions. Such kind of inves-
tigations gave birth to the field of cavity-Quantum ElectroDynamics
and later to circuit-QED. Mesoscopic QED uses quantum dots as the
matter part, aiming at the realisation of spin-qubits and at the inves-
tigation of fundamental physical phenomena. While these investiga-
tions have focussed on the microwave range, it comes natural to extend
them to the THz, where the energies of the quantum dots realised in
a carbon nanotube lie. We thus couple the QD to a THz-split-ring
resonator: the transport characterisation of the device shows a region
of suppressed conductance, close to zero bias, as large as the photon
energy. This gap is reminiscent of the Franck-Condon blockade ef-
fect transposed to photons. Such system paves the way towards more
complex condensed matter studies and the demonstration of strong
coupling pushing forward optoelectronics and quantum optics in the
THz frequency range.

TT 34: Superconductivity: Tunneling and Josephson Junctions

Time: Tuesday 9:30-13:00

Invited Talk TT 34.1 Tue 9:30 H 2053
Non-Equilibrium Spin- and Charge Transport Phenomena in
Superconductor-Ferromagnet Hybrid Structures — ¢ TORSTEN
PierscH — Department of Physics, University of Konstanz, Germany

Over the past few years, hybrid superconducting nanostructures at-
tracted tremendous interest in condensed matter physics due to their
great potential in dissipation-less spintronic devices with unprece-
dented switching rates. The practical realization of such devices, how-
ever, requires a complete understanding of the transfer and the dy-
namics of spin- and charge currents between superconducting (S) and
ferromagnetic (F) circuit elements, as well as the coupling between
spin- and charge degrees of freedom in these systems. Here we explore
both local and non-local transport properties of lateral, superconduct-
ing spin-valves and ferromagnetic Josephson junctions. In diffusive
S-FS’-S proximity junctions, the spin-polarized spacer leads to a non-
sinusoidal current-phase relationship, which is investigated via the oc-
currence of Shapiro steps in the IV characteristics under microwave
irradiation depending on the magnetization state of the F spacer. An
interesting question remains, whether superconducting triplet pair cor-
relations can be induced in extended S-F-S junctions incorporating a
long ferromagnetic spacer with a dynamic magnetization via magnon
scattering. The latter would provide means to generate spin-polarized
supercurrents in S/F heterojunctions for superconducting spintronic
applications.

TT 34.2 Tue 10:00 H 2053
Influence of Microwaves on Magnetic Switching in Nb-
Al/A10,-(Nb)-PdFe-Nb Josephson Junctions — eROBERTA
Carusol?, DavipE MassaroTTi!'2, AymEN BN Hawmipa®, Vi-
TALY Bor’cinov?, ALESSANDRO MiaNo!, Icor VERNIK®, VALERY
Ryazanov® % OLeec Muknanov®, Francesco Tarurib 2, and Gio-
vaNNI Piero PEePE!'2 — !Dipartimento di Fisica, Universita degli
Studi di Napoli Federico II, 1-80125 Napoli, Italy — 2CNR-SPIN
Institute - Superconductors, Innovative Materials and Devices, UOS
Napoli, 1-80100 Napoli, Italy — 3National University of Science
and Technology MISiS, Moscow, Russia — *Institute of Solid State
Physics, Russian Academy of Sciences, Chernogolovka 142432, Russia
— SHypres, Inc., 175 Clearbrook Road, Elmsford, New York 10523,
USA — OSFaculty of Physics, National Research University Higher
School of Economics, Moscow, Russia

Superconducting circuits have found application in various fields, due
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to their high speed and high energy efficiency. However, the practical,
large scale application of these circuits is limited by the lack of com-
patible energy-efficient, high-speed and high capacity random access
memories. In 2012 Nb-Al/AlO,-(Nb)-PdFe-Nb have been proved to be
random access magnetic memories compatible with RSFQ logic. How-
ever, the performances of such devices can be limited by the external
addressing circuitry. Here we discuss the effect on magnetic switching
of RF fields, in particular the enhancement of the separation between
the 0 level and the 1 level when an external microwave field is applied,
and its consequences on the performances of these devices.

TT 34.3 Tue 10:15 H 2053
Fluxoid-periodicity crossover from Q—hE to % in Al nano-loops —
eREBEKKA GARREIS', JULIAN BrauN!, CHRISTOPHER Espy!, OMRI
SuArON?, FLORIAN STRIGL!, YosEF YEsSHURUNZ, and ELKE ScHEER!
— Department of Physics, University of Konstanz, 78457 Konstanz,
Germany — 2Department of Physics and Institute of Nano Technology
and Advanced Materials, Bar-Ilan University, 5290002 Ramat-Gan, Is-
rael

In a multiply connected superconductor, the fluxoid is quantized in
units of &g = Q—he, where the 2e is a hallmark of electron pairing in the
superconductor. Theoretical studies [1] have predicted that in super-
conducting nano-loops with length-scale a < &y the dominant period-
icity of the flux is 2®q rather than ®3. Aluminum is a natural choice
of material for experimental verification of this prediction because of
its relatively large bulk coherence length (§o = 1.6 um). First mea-
surements on aluminum networks with loop sizes of roughly 320 nm
and 420nm at temperatures between 300 and 1400 mK reveal usual
Little-Parks flux periodicity of ®¢ at low temperatures and indicate a
crossover to 2P periodicity at temperatures above 1300 mK. So far,
the relatively low critical field of aluminum, in particular close to the
transition temperature, and the large period of small loops, allowed
the measurement of one ®g period only. To be able to achieve a full
experimental verification, measurements on networks with a loop size
of 500 nm at temperatures between 1100 and 1550 mK are performed.

TT 34.4 Tue 10:30 H 2053

Renormalization of Charging Energy in superconducting
Single Electron Transistors — eSUSANNE SPRENGER, THOMAS
Lorenz, and ELKE ScHEER — Universitiat Konstanz

A small island connected by two tunnel junctions and a gate electrode
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forms a single electron transistor (SET) that shows Coulomb blockade
(CB) effects. In the case of weak-coupling, Orthodox Theory (OT) can
be used to quantitatively describe the behavior of these devices even
when considering superconducting transport [1,2].

Transport in the strong-coupling regime, however, is not yet fully
understood and difficult to address with traditional SETs. We present
a measurement scheme where all coupling regimes can be addressed.
The sample is composed of an AlOx tunnel barrier and a mechanically
controllable break junction, that can be tuned throughout all coupling
regimes. When tuning the sample from the orthodox regime to higher
couplings the transport properties are changing, which is most promi-
nent in the superconducting state. We observe a renormalization of
the charging energy for intermediate couplings as well as the disap-
pearance of the CB for very high couplings, similar to the findings of
[3]-

[1] R. J. Fitzgerald, Phys. Rev. B 57, R11073(R) (1997)
[2] K. K. Likharev, Proc. IEEE 87, 606 (1999)
[3] S. Jezouin, Nature 536, 58-62 (2016)

TT 34.5 Tue 10:45 H 2053
Evidence of Shapiro steps in hysteretic nanobridge weak link
Josephson junctions — eCoNNOR SHELLY, PATRICK SEE, JANE
IrRELAND, and JoNATHAN WiILLIAMS — National Physical Laboratory,
Hampton Rd, Teddington, TW11 OLW, United Kingdom

We present experimental work demonstrating the response of super-
conducting nanobridge Josephson junctions to microwave irradiation.
Our nanobridge devices exhibit hysteretic current-voltage characteris-
tics (IVC) below 7 K. In this regime the devices enter a resistive state
when the applied current is increased to a value greater than the junc-
tion critical current I.. When the applied current is then reduced, the
nanobridge remains in the resistive state until the re-trapping current
I, is reached, where I, < I.. Unlike traditional tunnel junctions it is
widely considered that the origin of this hysteresis is thermal with the
device remaining in a non-superconducting state such that7 > T, on
the re-trapping branch of the IVC [1-3]. However we present evidence
of Shapiro steps in the hysteretic branch of the IVC.

[1] W. J. Skocpol, M. R. Beasley, M. Tinkham, J. Appl. Phys. 45,
4054, (1974)

[2] D. Hazra, L. M. A. Pascal, H. Courtois, A. K. Gupta, Phys. Rev.
B 82, 184530 (2010).

[3] A. Blois, S. Rozhko, L. Hao, J. C. Gallop, E. J. Romans, Supercond.
Sci. Technol. 30, 014003 (2017).

TT 34.6 Tue 11:00 H 2053
Tunneling spectroscopy of superconducting In,Sn;_,Te
nano-plates — eFaN Yanag, MENGMENG Bai, Zuiwer Wang, and
Yoicar Anpo — Institute of Physics II, University of Cologne,
Zuelpicher Str. 77, 50937 Cologne, Germany

With indium doping, superconductivity can be induced in SnTe,
a well-known topological crystalline insulator. Due to the possi-
ble co-existence of superconductivity and non-trivial band topology,
In;Sny_,Te provides a promising platform for searching for topologi-
cal superconductivity.

In this talk, we present our study on the point-contact spectroscopy
of superconducting In;Sn;_,Te nanostructures. In;Snj_,Te nano-
plates were grown on Si/SiO2 substrates via vapor-transport method.
After the growth, Au contacts with naturally formed tunnel barrier
were fabricated on selected nano-plates. The conductance spectra of
Au contacts were measured in a dilution refrigerator, and non-trivial
sub-gap features were observed in several Au contacts at the tunnel
limit. The preliminary results are presented and discussed.

15 min. break.

TT 34.7 Tue 11:30 H 2053
Transport properties of an electron-hole bilayer/superconductor
hybrid junction — eD. Bercroux!2, T.M. Krapwik?, and
F.S. BErGeErReTH? Donostia International Physics Center
(DIPC), Manuel de Lardizbal 4, E-20018 San Sebastian, Spain —
2IKERBASQUE, Basque Foundation of Science, 48011 Bilbao, Spain
— 3Kavli Institute of Nanoscience Delft University of Technology —
4Centro de Fisica de Materiales (CFM-MPC) Centro Mixto CSIC-
UPV/EHU, 20018 Donostia-San Sebastidn, Spain

We investigate the transport properties of an electron-hole bilayer
(EBL) contacted with normal and superconducting leads. We assume
that the EBL hosts an exciton condensate (EC) described by a BCS-

69

like model with a gap in the quasiparticle density of states. Contrary
to the existing proposal based on Coulomb drag measurements [1,2],
we show that the existence of the EC via transport measurements in
the sub-gap regime. Here, transport properties are determined by the
competition of the standard Andreev reflection at the interface between
the superconductor/EC with crossed reflection at the semi-metal /EC.
The latter converts electrons from one layer to the other [2]. We show
that the existence of a finite gap manifests in a minimum of the con-
ductance at low voltage bias [3].

[1] Croxall et al., Phys. Rev. Lett. 101, 246801 (2008).

[2] Rontani & Sham, Phys. Rev. Lett. 94, 186404 (2005).

[3] DB, Klapwijk, & Bergeret Phys. Rev. Lett. 119, 067001 (2017).

TT 34.8 Tue 11:45 H 2053
Spin-flip enhanced thermoelectricity in superconductor-
ferromagnet bilayers — e AL1 REzAEI, AKASH KaAMRA, PETER MaA-
cHoON, and WoLFGANG BELziGc — Department of Physics, University
of Konstanz, D-78457 Konstanz, Germany

We study the effects of Zeeman-splitting and spin-flip scattering in
a superconductor (S) on the thermoelectric properties of a tunnel-
ing contact to a metallic ferromagnet (F) using the Green’s function
method. A giant thermopower has been theoretically predicted and
experimentally observed in such structures. This huge thermoelectric
effect is attributed to the spin-dependent particle-hole asymmetry in
the tunneling density of states in the S/F heterostructure. Here, we
evaluate the S density of states and thermopower for a range of tem-
peratures, Zeeman-splitting, and spin-flip scattering. In contrast to
the naive expectation, we find that the spin-flip scattering strongly
enhances the thermoelectric performance of the system in the low-field
and low-temperature regime. This is attributed to a complex interplay
between the charge and spin conductances caused by the softening of
the spin-dependent superconducting gaps. The maximal value of the
thermopower exceeds kg /e by a factor of ~ 5 and has a nonmonotonic
dependence on Zeeman-splitting and spin-flip rate. We also demon-
strate that the incoherent broadening leads to a drastic reduction of
the thermoelectric performance.

[1] A. Rezaei, A. Kamra, P. Machon, W. Belzig, arXiv:1711.11538v1

TT 34.9 Tue 12:00 H 2053
Yu-Shiba-Rusinov states in magnetic Josephson junctions —
e ANDREAS CosTa, DENIs KocHAN, and JAROSLAV FABIAN — Univer-
sity of Regensburg, 93040 Regensburg, Germany

Superconductivity and ferromagnetism are two nominally antagonistic
states of matter, which lead to extraordinary physical phenomena when
combined in one system. Perhaps most striking is the emergence of
0-7 transitions in magnetic Josephson junctions. We study the bound
state spectrum in S/I/S Josephson junctions in which the interlayer
(I) hosts point-like scalar and magnetic impurities. In addition to
Andreev-like subgap states, stemming from the coherent coupling of
the superconductors (S), magnetic impurities give rise to superimposed
Yu-Shiba-Rusinov (YSR)-like states. We show that these states have
genuine features, which can be tuned by changing the junction charac-
teristics and allow to clearly identify the states in STM experiments.
Particularly interesting are zero-energy YSR-like states in the center
of the superconducting gap, which form for a wide range of accessi-
ble junction configurations. By calculating the Josephson current flow
across the system from the spectrum, we unravel a unique connection
between these zero-energy YSR-like states and the appearance of 0-m
transitions in the current flow. Our findings shed new light on the
physics of 0-7 transitions in Josephson junctions.

This work was supported by DFG SFB Nos. 689 and 1277, by the
European Union’s Horizon 2020 research and innovation programme
under Grant agreement No. 696656, and by the International Doctor-
ate Program Topological Insulators of the Elite Network of Bavaria.

TT 34.10 Tue 12:15 H 2053
Charge Transfer across a Scanning Tunneling Microscope
Junction in Presence of a Macroscopic Impedance —
eSiMoN Dambacu!, CurisTiaAN R. Ast?, Biorn KuBaLal, Ja-
coB SENKPIEL?, MARKUS ETzKorRN?, and JoACHIM ANKERHOLD! —
Hnstitute for Complex Quantum Systems, Ulm University, Ulm, Ger-
many — 2MPI for Solid State Research, Stuttgart, Germany

When it comes to probing electronic structure on an atomic scale, scan-
ning tunneling microscopy has evolved into one of the most powerful
and versatile experimental techniques over the last decades. Recent
progress in pushing the energy resolution to the low energy scales that
are necessary for resolving extremely sharp spectral features (e.g., su-
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perconducting gaps, Yu-Shiba-Rusinov states, or Kondo peaks) has
led to the development of an ultra-precise scanning tunneling micro-
scope operating at 15 mK [1]. At these low temperatures, the device
is operated at the quantum limit, i.e., the granularity of the current
becomes non-negligible. The ultimate resolution is limited here by the
electromagnetic interaction of the tunneling charge quantum with the
surrounding and the capacitative noise of the junction.

In this talk, we provide a theoretical study of the electrical current
across a scanning tunneling microscope junction in presence of an en-
vironmental macroscopic impedance. On the basis of P(E) theory,
which describes the probability for a loss or gain in energy during a
tunneling process, we obtain corrections to the I(V) characteristics
which reproduce data of current measurements with high accuracy.
[1] C. R. Ast et al., Nat. Commun. 7, 13009 (2016)

TT 34.11 Tue 12:30 H 2053
Single Channel Josephson Effect in a High Transmission
Tunnel Junction — eCuRrisTIAN R. AsT!, JacoB SEnkPIEL!, SI-
MoN DamBacu?, BiorN KuBaLa?, CIPRIAN PADURARIUZ, BERTHOLD
Jick!, Markus Etzkorn!, Juan CarrLos Cugevas®, JoAcHIM
ANkERHOLDZ, and Kraus Kern! — IMPI fiir Festkorperforschung,
Stuttgart — 2Institut fiir Komplexe Quantensysteme, Universitit Ulm
— 3Departamento de Fisica Teérica de la Materia Condensada, Uni-
versidad Auténoma de Madrid, Spain

Andreev bound states lie at the heart of many phenomena involv-
ing scattering with superconductors, such as Yu-Shiba-Rusinov states,
Majorana bound states, or the Josephson effect. In most cases it is
sufficient to approximate the Josephson effect by an ensemble of many,
nearly opaque transport channels. However, in scanning tunneling mi-
croscopy (STM), where only very few transport channels are realized

and arbitrary transmissions can be achieved, this approximation may
break down and the full energy-phase relation of the Andreev bound
states has to be considered. Using the manipulation techniques avail-
able to STM, we exploit a single atom contact at high transmission
to demonstrate the consequences of single channel transport for the
Josephson effect. We demonstrate single channel transport through
the analysis of multiple Andreev reflections at various transmission
setpoints and discuss the transition from the tunneling approximation
to the full Andreev bound state description in the dynamical Coulomb
blockade regime.

TT 34.12 Tue 12:45 H 2053
Phase-dependent heat transport in multi-terminal Josephson
junctions — eSun-Yonce HwaNG and BJORN SoTHMANN — Theo-
retische Physik, Universitdt Duisburg-Essen and CENIDE, D-47048
Duisburg, Germany

Phase-coherent heat transport has received a lot of attention recently
as it offers the possibility to control heat flows at the nanoscale with the
same precision as charge currents [1]. Thus, phase-coherent caloritron-
ics provides not only fundamental insights into heat transport at the
nanoscale but can also lay the foundations for future thermal logic and
energy management in small electric circuits.

Here, we investigate the phase-dependent linear thermal conduc-
tance in multi-terminal Josephson junctions. The thermal conduc-
tance in our system can be controlled via the magnetic flux through
the junction and the phase bias configuration among the supercon-
ductors. Remarkably, the phase- and flux-controlled heat can show a
strongly unidirectional transport property which can be utilized for a
heat circulator or a highly efficient cooler.

[1] A. Fornieri, F. Giazotto, Nat. Nanotechn. 12, 944 (2017).

TT 35: Superconductivity: Fe-based Superconductors - 122 and Theory

Time: Tuesday 9:30-13:00

TT 35.1 Tue 9:30 A 053
Soft phonons reveal finite nematic correlation length in
Ba(Fep 94Co0.06)2Ass — eFrank WEBER!, MicHAEL MERz!,
TrOMAS WoLF!, RaFAEL FERNANDEsS?, JORG ScHMALIAN!, and
Dwmitry REzNik® — !Institute for Solid State Physics, Karlsruhe In-
stitute of Technology, Karlsruhe, Germany — 2School of Physics and
Astronomy, University of Minnesota, Minneapolis, Minnesota, 55455,
USA — 3Department of Physics, University of Colorado at Boulder,
Boulder, Colorado, 80309, USA

Nematicity is ubiquitous in electronic phases of high-7. supercon-
ductors, particularly in the Fe-based systems. While several exper-
iments have probed nematic fluctuations, they have either been re-
stricted to uniform, i.e. q = 0 fluctuations, or measure momentum-
averaged effects. Here, we investigate the behavior of finite-momentum
nematic fluctuations near gq 0 by utilizing the anomalous soft-
ening of transverse acoustic phonon modes in optimally doped
Ba(Feg.94Co0.06)2As2. We determine the nematic correlation length
and find that it sharply changes its T-dependence at T, revealing a
strong connection between nematicity and superconductivity.

~
=~

TT 35.2 Tue 9:45 A 053
Superconductivity induced changes of the phonon lifetime in
Ba(Fe(.94Co00.06 )2As2 — eMAXIMILIAN KauTtu!, FRANK WEBER!?,
Joun-PauL CasteLLAN!, THOoMAS WoLr!, THoMmAas KELLER?, and
DiMiTRY REzNIK? — lInstitute for Solid State Physics, Karlsruhe In-
stitute of Technology, Karlsruhe, Germany — ?Max-Planck-Institute
for Sodid State Research, Stuttgart, Germany — 3Department of
Physics, University of Colorado atBoulder, Boulder, Colorado, 80309,
USA

We have investigated the life time of the transversal acoustic
(TA) phonon mode in the Fe-based high-temperature superconductor
Ba(Feg.94Co0.06)2As2 along the [100] direction. We used the thermal
neutron triple axis spectrometer (TAS) 1T at LLB at CEA Saclay
and the neutron resonant spin echo (NRSE) technique at the TRISP
spectrometer at the MLZ in Garching [1]. This phonon mode is the
soft mode of the structural phase transition present in lower doped
samples. Recent measurements showed evidence that it is sensitive to
nematic fluctuations in this compound [2|. We observe a clear max-
imum of the TA phonon linewidth at the superconducting transition
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temperature T¢ =~ 24 K with both measurement techniques (regular
TAS and NRSE). This is the first experimental evidence of changes of
the phonon lifetime in Fe-based superconductors.

[1] MPT for Solid State Research et al., Journal of large-scale research
facilities, 1, A37 (2015).

[2] F. Weber et al., arXiv:1610.00099 (2016).

TT 35.3 Tue 10:00 A 053
Uniaxial strain control of spin-polarization in multicompo-
nent nematic order of BaFeyAsy — T. Kissikov!, eR. SARKARZ,
S. L. Bup’ko®, P. C. CanrieLD3, R. M. FeErNaNDEsS?, and N. J.
CuUrRrO? — !Department of Physics, UC Davis, CA 95616, USA —
2Institute of Solid State and Materials Physics, TU Dresden, 01062
Dresden, Germany — 3Ames Laboratory Department of Physics and
Astronomy,ISU Ames, Iowa 50011, USA — *School of Physics and
Astronomy, UMN Minneapolis, Minnesota 55455, USA

The iron-based high temperature superconductors exhibit a rich phase
diagram reflecting a complex interplay between spin, lattice, and or-
bital degrees of freedom. The nematic state observed in many of
these compounds illustrates this complexity, by entangling a real-space
anisotropy in the spin fluctuation spectrum with ferro-orbital order and
an orthorhombic lattice distortion. A more subtle and much less ex-
plored fact of the interplay between these degrees of freedom arises
from the sizable spin-orbit coupling present in these systems, which
translates anisotropies in real space into anisotropies in spin space.
Here, we present a new technique enabling nuclear magnetic resonance
under precise tunable strain control, which reveals that upon appli-
cation of a tetragonal symmetry-breaking strain field, the magnetic
fluctuation spectrum in the paramagnetic phase of BaFeaAsy also ac-
quires an anisotropic response in spin-space.

TT 35.4 Tue 10:15 A 053

Superconductivity with broken time reversal symmetry in
Ba;_,K;FesAss single crystals — eVaDIM GRINENKOD'2, PHILIPP

MaTerNE!, RasiB SArkAR!, S1Rko KamuseLLal, Kuniairo Kinou3,

CruL-Ho LEe3, SHAVKAT AKHMADALIEV?, DMITRIY EFREMOVZ,
STEFAN-LUDWIG DRECHSLER?, HUBERTUS LUETKENs®, and HaNs-
HenniNG Krauss! — lInstitute for Solid State and Material Physics,
TU Dresden, 01069 Dresden, Germany — 2IFW Dresden, P.O. Box

270116, 01171 Dresden, Germany — 3National Institute of Advanced
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Industrial Science and Technology (AIST), Tsukuba, Ibaraki 305-8560
Japan — “4Helmholtz-Zentrum Dresden-Rossendorf, 01314 Dresden,
Germany — ?Laboratory for Muon Spin Spectroscopy, Paul Scherrer
Institute (PSI), CH-5232 Villigen, Switzerland

Over the last years a lot of theoretical and experimental efforts have
been made to find states with broken time reversal symmetry (BTRS)
in multi-band superconductors below the superconducting transition
temperature (7T;). In particular, it was theoretically proposed that in
the Baj_,K;FeaAso system either an s 4+ is or an s + id BTRS state
may exist at high doping levels in a narrow region of the phase dia-
gram. Here we report the observation of an enhanced zero field muon
spin relaxation rate at T* < 7. for a high quality crystalline samples
in the doping range 0.8 2> z 2 0.7. We found that T* is strongly dop-
ing dependent. Our results are consistent with the multi-band s + is
superconducting state in Baj_;K;FeaAsa in this doping range.

TT 35.5 Tue 10:30 A 053
Mass enhancements and band shifts in hole overdoped Fe-
based pnictide superconductors: KFez;Ass and CsFepAsy —
oS.-L. DrecHsSLER!, H. RosNER2, V. GRINENKO®, S. ASWARTHAM!,
1. Morozov?, L. Minc?, A. BorraLin?, K. Kmou®, C. H. Lee®, T.
K. Kiv®, D. EvrusHinsky?, J.M. Tomczak®, S. Jounston?, and
S. Borisenko! — 1IFW-Dresden, Germany — 2MPI-CPfS Dresden,
Germany — 3TU Dresden, Germany — *Moscow University, Russia —
5AIST, Tsuk. Japan — 8Diamond Light Source, U.K. — "Ec. de Fed.,
Lausanne, Switzerland — 8Vienna-University of Technology, Austria
— 9Tennesee University, Knoxville, USA

The interplay of high- and low energy (LE) mass renormalizations with
band shifts as seen in the positions of van Hove singularities (VHS) in
the normal state of the strongly correlated and most hole-overdoped
AFepAsy (A122), A = K,Rb,Cs Fe pnictides is discussed phenomeno-
logically from ARPES data and band structure (GGA) with full spin-
orbit coupling and microscopically applying the GW-self-energy. The
increase of the Sommerfeld coefficient v from K122 to Cs122 is ascribed
to an enhanced coupling to LE bosons in the vicinity of a quantum crit-
ical point to an yet unknown incommensurate phase different from the
tetragonal Mott phase. We find no sizable increase of correlation for
Cs122 in contrast to scenarios proposed in the literature. The ARPES
positions of VHS as compared with GGA and GW results point to
slightly weaker correlations in accord with the low-T susceptibility
data and the reduced Wilson ratio x(0)/v. Other quasi-2D systems
with generic VHS and their el-el interactions are briefly discussed.

TT 35.6 Tue 10:45 A 053
Synthesis and Characterization of YbFezAsy Single Crystals
— eNiLoTPAL GHOsH!, SANTHOSH RaJ2, and R NAVAMATHAVANZ —
IScience and Engineering Research Board, Department of Science and
Technology, Vasant Kunj, New Delhi, India — 2School of Advanced
Sciences ,VIT University, Chennai, Tamilnadu, India

We report synthesization of a new compound YbFezAsg crystals using
melt growth technique. The crystals have been characterized by Scan-
ning Electron Microscopy (SEM) and Energy Dispersive X-ray Anal-
ysis (EDX). Rietveld refinement of crushed single crystals has shown
that the YbFea Aso has monoclinic unit cell structure. Transport mea-
surement has shown metallic behavior with a down turn in resistivity
around 17K for YbFegAss which is similar to superconducting transi-
tion. The detailed magnetic studies by SQUID on these crystals have
revealed the co-existence of strong antiferromagnetic and weak ferro-
magnetic characteristics. Influence of anti-ferromagnetic spin fluctua-
tion in the normal state transport property has been found. Effect of
oxygen adsorption on YbFeaAss have been studied in detail.

[1] S. S. Raj, N. Ghosh, R. Navamathavan, J. Supercond. Novel Mag-
netism 30 (2017) 287;

[2] S. S. Raj, N. Ghosh, R. Navamathavan, Mater. Res. Express 4
(2017) 086101,

TT 35.7 Tue 11:00 A 053
Interplay of magnetism and superconductivity in the triclinic
CaoPt3Asg(Fei_;Pt;As)ig system oFELIX BRUCKNER!,
Vabpim GRINENKO!, RAJIB SARKAR!, MaksyM SurMAcH!, HUBER-
TUs LUETKENS?, DMYTRO INosov!, and Hans-HenNING KLauss! —
nstitut fiir Festkorper- und Materialphysik, Technische Universitét
Dresden, Germany — 2Laboratory for Muon Spin Spectroscopy, Paul
Scherrer Institut, Villigen, Switzerland

Among iron-based superconductors, CaioPt3zAsg(Fei—_zPtzAs)i0 is
the first system with a triclinic crystal structure. The usually tetrago-
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nal symmetry of the characteristic FeAs layers is slightly distorted by
insertion of a skutterudite-like interlayer.

‘We report comprehensive studies of magnetic probe experiments in-
cluding 7 As and 9Pt nuclear magnetic resonance (NMR), muon spin
rotation and inelastic neutron scattering (INS). Broadening of NMR
spectra below T ~ 45 K provides evidence for static magnetic correla-
tions far above the superconducting T. = 13 K. At 7™, a sudden drop
of the spin-lattice relaxation rate, that is insensitive to external mag-
netic field up to 30 T, is observed. INS spectra exhibit a resonant mode
at higher energies just below T*. This was previously interpreted as
a manifestation of preformed cooper pairs, which can be ruled out by
195pt Knight-shift experiments. Furthermore an additional magnetic
transition at 3 K and strong but slow magnetic fluctuations peaking
at ~ 120 K are detected by NMR. In addition to the magnetic probe
investigations, we compare our results with transport measurements
and specific heat studies.

15 min. break.

TT 35.8 Tue 11:30 A 053
Consequences of Orbital Selectivity for Magnetism and Su-
perconductivity in Fe-based Superconductors — eANDREAS
KreiseL!, BriaN ANDERsSEN?, and PETER HIRSCHFELDS
LUniversitat Leipzig, Germany — 2Niels Bohr Institute, University
of Copenhagen, Copenhagen, Denmark — 3University of Florida,

Gainesville, FL, United States

Recently, it has been observed that electronic correlations in iron pnic-
tides and chalcogenides affect electrons in different d-orbitals quite dif-
ferently. The resulting reduced coherence of the quasiparticle states
has consequences for the normal state properties and affects the super-
conducting state. The renormalization of the du orbital is known to be
largest, thus its quasiparticle weight smallest. In the Fe based systems,
this leads to a reduction of Néel type (m, ) magnetic fluctuations and
makes stripe fluctuations relatively stronger. Within a modified spin
fluctuation pairing theory, this makes the sign-changing s-wave state
more competitive. In this work, we investigate these effects of orbital
selectivity with a focus on the FeSe system, which allows us to study
the effect of nematicity due to the breaking of tetragonal symmetry
without magnetic order at low temperatures. Consequences include
different renormalization of the dy. and d.. orbital states, leading to
an anisotropic superconducting order parameter and enhancements of
the (m,0) magnetic fluctuations, an effect seen in neutron scattering
experiments. The strongest effects of the reduced coherence are ob-
served in the KFegAsg, system where we discuss implications for the
superconducting order parameter.

TT 35.9 Tue 11:45 A 053
Orbital loop currents in iron-based superconductors —
eMarkus Krua!, Jian Kanc?, RAFaEL M. FERNANDES?, and JORrRG
ScaMaLian®3 — nstitute for Theoretical Condensed Matter Physics,
Karlsruhe Institute of Technology, D-76131 Karlsruhe, Germany —
2School of Physics and Astronomy, University of Minnesota, Min-
neapolis, Minnesota 55455, USA — 3Institute of Solid State Physics,
Karlsruhe Institute of Technology, D-76344 Eggenstein-Leopoldshafen,
Germany

‘We show that the stripe spin-density wave state commonly observed
in the phase diagrams of the iron-based superconductors necessarily
triggers loop currents characterized by charge transfer between differ-
ent Fe 3d orbitals. This effect is rooted on the glide-plane symmetry of
these materials and on the existence of an atomic spin-orbit coupling
that couples states at the X and Y points of the 1-Fe Brillouin zone.
We show that the two main manifestations of the orbital loop cur-
rents are the emergence of magnetic moments in the pnictide/chalcogen
site and an orbital-selective band splitting in the magnetically ordered
state, both of which could be detected experimentally. Our results
highlight the unique intertwining between orbital and spin degrees of
freedom in the iron-based superconductors, and reveal the emergence
of an unusual correlated phase that may impact the normal state and
superconducting properties of these materials.

TT 35.10 Tue 12:00 A 053
Mixed magnetic order in iron pnictides — oeCHRIs KoscHENZ
and CARSTEN Timm — Institute of Theoretical Physics, Technische
Universitat Dresden, Germany

Multiband and multiorbital physics are crucial for understanding su-
perconductivity and magnetism in iron pnictides. We present recent
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results for multiorbital Hubbard models representative of iron pnictide
compounds using restricted and unrestricted generalized Hartree-Fock
methods. The generalized Hartree-Fock method introduced by [1] al-
lows to study phases with mixed magnetic order. In this talk, we revis-
ite the magnetic phases in the vicinity of superconductivity for com-
pounds for which a reentrance of tetragonal magnetic order was found
[2,3]. We employ a realistic multiorbital model for Baj_;Na,FeaAsg
and Baj_;K;FeaAsy and elucidate the role played by orbital effects.
Furthermore, we study the coexistence and competition of tetragonal
or mixed magnetic order with superconductivity as well as the possi-
bility of phase separation (mixed phases).

[1] E. Langmann and M. Wallin, J. Stat. Phys. 127 (2007) 825

[2] S. Avci et al., Nature Comm. 5 (2014) 3845

[3] M. Gastiasoro, B. Anderson, Phys. Rev. B 92 (2015) 140506(R)

TT 35.11 Tue 12:15 A 053
Collective modes and short-time dynamics of time-reversal
symmetry broken superconductors — eMARVIN A. MULLER!,
PENGTAO SHEN?, MaximM DzEro?, and Itya EREMIN' — nstitut fiir
Theoretische Physik III, Ruhr-Universitdt Bochum, D-44801 Bochum,
German — 2Department of Physics, Kent State University, Kent, OH
44242 USA

Motivated by the recent observation of the time-reversal symmetry
broken state in K-doped BaFeaAsa systems, we theoretically study
the collective modes and the short time dynamics of this state using
density-matrix theory on an effective four-band model with two hole
and two electron pockets. Hole doping moves the electron bands away
from the Fermi surface and leads to frustration between superconduct-
ing channels. This results either into s+is or s+ 4d superconductivity,
which are both time-reversal symmetry breaking (TRSB) states. Con-
sequently, the Higgs and Leggett modes are coupled and the super-
conducting ground state accommodates a variety of collective modes.
In extremely overdoped systems with incipient electron bands, we find
the Higgs mode at w = 2A; with an absent Leggett mode similar to a
two band model. At dopings before the TRSB occurs and within the
TRSB state, we uncover a new coupled collective mode both in the
amplitude and in the relative phase of the superconducting gaps. This
mode becomes gapless at the boundaries of the TRSB state.

TT 35.12 Tue 12:30 A 053
Superconductivity in presence of spin-orbit coupling in
strongly electron-doped iron-based superconductors
eJako BOKER!, FeLIx AnN', PETER HIirscHFELD?, and ILvA
EreMIN! — !Institut fiir Theoretische Physik III, Ruhr-Universitit
Bochum, D-44801 Bochum, Germany — 2Department of Physics, Uni-
versity of Florida, Gainesville, FL. 32611, USA

Motivated by recent experimental reports on sizeable spin-orbit cou-
pling (SOC) in the iron pnictides, we study the SOC induced mixing
of the spin singlet and the spin triplet pairing for the leading s- and d-
wave superconducting instabilities. We focus on highly electron doped
systems where only electron dyz/dzz/dzy pockets are present at the
M-point of the two-iron unit cell. Using a orbitally projected effective
low energy model for the iron pnictides with pairing driven by atomic
onsite interactions, we present the gap structure close to Fermi level
and discuss consequences of the induced triplet pairing to experiment.

TT 35.13 Tue 12:45 A 053
Enhanced Nernst effect by nematic fluctuations in an
iron based superconductor — eSTEFFEN SykKoRal, CHRISTOPH
WurTkE!, FEDERICO CAGLIERIS!, BERND BUCHNER!2:3, and CHRIs-
TiaN Hgess!® — 1IFW Dresden, 01069 Dresden, Germany —
2Institute for Solid State Physics, TU Dresden, 01069 Dresden, Ger-
many — 3Center for Transport and Devices, TU Dresden, 01069 Dres-
den, Germany

Nematic fluctuations are expected to enhance superconductivity in iron
based superconductors which undergo a transition to nematic order.
Motivated by recent Nernst effect measurements we investigate theo-
retically transport properties within a minimal electronic model con-
sisting of two orbitals, with interactions that enhance nematic fluctua-
tions. We apply a many-particle renormalization method to calculate
current-current correlation functions and show that the correlation be-
tween currents in perpendicular directions are particularly enhanced
by interactions between different orbitals. This property gives rise to
a direct coupling of the Nernst effect to nematic fluctuations. We dis-
cuss our results in the context of recent Nernst effect experiments in
BaFeg Aso.

TT 36: Correlated Electrons: 1D Theory

Time: Tuesday 9:30-12:15

TT 36.1 Tue 9:30 HFT-FT 101
Dynamical measurement of the interaction strength in
helical Luttinger Liquids eToBIAS MULLER!, RONNY
TaoMAaLE!, BiOrN TrauzerTeL!, ErRwANN BocquiLLon?, and
OLEksTY KasnuBal — lInstitute for Theoretical Physics and Astro-
physics, University of Wiirzburg, D-97074 Wiirzburg — 2Laboratoire
Pierre Aigrain, Ecole Normale Supérieure-PSL Research University,
CNRS, Université Pierre et Marie Curie-Sorbonne Universités, Uni-
versité Paris Diderot-Sorbonne Paris Cité, 75231 Paris Cedex 05

Based on an equations of motion description of helical Luttinger Lig-
uids we propose a setup to measure the interactions inside a one-
dimensional wire directly. Using a capacitively coupled gate rather
than purely ohmic contacts we can extract the Luttinger parame-
ter both directly and in the low frequency expansion of a frequency-
resolved conductivity measurement. We also discuss the influence of
the precise form of the change in interactions at ohmic contacts within
the setup.

TT 36.2 Tue 9:45 HFT-FT 101
Superconducting proximity effect in a helical Luttinger liquid
coupled to single-electron sources — eFLAvio RoNETTI! "2, MAT-
TEO CARREGA®, JEROME RECH2, THIBAUT JONCKHEEREZ, THIERRY
MaRrTIN?, and MAURA SasseTTi! — !Universita di Genova and CNR-
SPIN, Via Dodecaneso 33, 16146, Genova, Italy. — 2Aix Marseille
Univ, Université de Toulon, CNRS, CPT, Marseille, France.
3NEST, Istituto Nanoscienze-CNR and Scuola Normale Superiore, Pi-
azza San Silvestro 12, 1-56127 Pisa, Italy.

The superconducting proximity effect in a helical Luttinger liquid in-
duces correlations between left-movers and right-movers channels and,
in the presence of the Rashba spin-orbit coupling, also between par-
ticles in the same channel [1]. We focus on the injection of single-
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electrons through a periodic train of Lorentzian pulses [2] along a he-
lical Luttinger liquid coupled to a superconductor. We analyze the
current-noise in this setup when a single channel or both channels
are coupled to a single-electron source [3]. The presence of electron-
electron interactions and Rashba coupling is considered and we suggest
some possible experimental signatures of their strength.

[1] P. Virtanen, P. Recher, Phys. Rev B 85, 035310 (2012)

[2] J. Dubois et al., Nature (London) 502, 659 (2013).

[3] F. Ronetti et al., in preparation (2017).

TT 36.3 Tue 10:00 HFT-FT 101
Coherence and decoherence in beamsplitters for interacting
edge state electrons — ANDREAS SCHULZ, eIMKE SCHNEIDER, SE-
BASTIAN EcGERT, and JAMES ANGLIN — Department of Physics and
Research Center OPTIMAS, University of Kaiserslautern

Recent studies have shown that simple intersections between one-
dimensional channels can act as coherent beam splitters for non-
interacting electrons. Here we examine how coherent splitting at such
quantum wire crossings is affected by inter-particle interactions. We
use the one-loop renormalization group to derive the effective impu-
rity which represents the intersection within Luttinger liquid theory
at low energy. For the special case of Luttinger K = 1/2, we com-
pute exact time-dependent expectation values of charge density as well
as density-density correlation functions. We find that when multiple
charge density wave packets encounter the impurity from different di-
rections, reflection and splitting of the packets depends on their relative
phases, raising the prospect of Luttinger interferometry.

TT 36.4 Tue 10:15 HFT-FT 101
Tuning the Drude Weight of Dirac-Weyl Fermions in One-
Dimensional Ring Traps — ManonN 1. JOHANNES

BiscHOFF",
JonEMANND2) Marco Porini®, and eMarTeo Rizzi! — !Institut
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fir Physik, Johannes Gutenberg-Universitdt, Mainz, Germany —
2Graduate School Materials Science in Mainz, Mainz, Germany —
3Istituto Italiano di Tecnologia, Graphene Labs, Genova, Italy

We study the response to an applied flux of an interacting system of
Dirac-Weyl fermions confined in a one-dimensional (1D) ring. Combin-
ing analytical calculations with density-matrix renormalization group
results, we show that tuning of interactions leads to a unique many-
body system that displays either a suppression or an enhancement of
the Drude weight — the zero-frequency peak in the ac conductivity —
with respect to the non-interacting value. An asymmetry in the in-
teraction strength between same- and different-pseudospin Dirac-Weyl
fermions leads to Drude weight enhancement. Viceversa, symmetric
interactions lead to Drude weight suppression. Our predictions can be
tested in mixtures of ultracold fermions in 1D ring traps.

[1] Bischoff et al., arXiv:1706.02679

TT 36.5 Tue 10:30 HFT-FT 101
The resonant state at filling factor 1/2 in chiral fermionic
ladders — eANDREAs HAaLLER!, MarTEO Rizzi!, and MICHELE
BuUrRELLO? — !Institute of Physics, Johannes Gutenberg University,
55099 Mainz, Germany — 2Niels Bohr Institute, University of Copen-
hagen, 2100 Copenhagen, Denmark

Helical liquids have been experimentally detected in both nanowires
and ultracold atomic chains as the result of strong spin-orbit interac-
tions. In both cases the inner degrees of freedom can be considered as
an additional space dimension, providing an interpretation of these sys-
tems as synthetic ladders, with artificial magnetic fluxes determined
by the spin-orbit terms. In this work, we analyze such a quasi-one-
dimensional ladder geometry and characterize the helical state which
appears at filling factor 1/2. This state is generated by a gap arising in
the spin sector of the corresponding Luttinger liquid and can be inter-
preted as the one-dimensional (1D) limit of a fractional quantum Hall
state of bosonic pairs of fermions. We study its main features, focusing
on entanglement properties and correlation functions and support our
analytic results with matrix product state simulations.

TT 36.6 Tue 10:45 HFT-FT 101
Observation of a hierarchy of modes in an interacting 1D sys-
tem — eCHRIsTOPHER J B Forp!, Yiqing Jin!, MaRIA MoORENO!,
Woor Kiar Tan!, ANNE ANTHORE?, JoN P GrirriTus!, Ian
FARRER!, GERAINT A C Jones!, Davib A RiTcHIE!, OLEKSANDR
TsypPLyaTyEV3, and ANDREW ScHOLFIELD? — lUniversity of Cam-
bridge, UK — 2Paris Diderot University, France — 3University of

Frankfurt, Germany — *University of Birmingham, UK

At low excitation energies, a system of interacting one-dimensional
(1D) electrons can be described theoretically as a Tomonaga-Luttinger
liquid. However, it is only in the last few years that theoreticians
have developed models of the behaviour at energies comparable to the
Fermi energy, predicting ‘replicas’ of the dispersion relation offset by
multiples of the Fermi wave-vector. We measure momentum-resolved
tunnelling of electrons between 1D wires formed within a GaAs het-
erostructure and a 2D electron gas used as a spectrometer and have
previously found well-resolved spin-charge separation at low energy
with appreciable interaction strength. Now we have detected structure
resembling replicas, which dies away quite rapidly at high momentum,
in line with the most recent theory.! We have fabricated arrays of wires
with lengths between 1 and 20um, after developing a reliable technique
to make thousands of ‘air-bridges’ on each device. The replicas seem
strongest in the short wires,? again as predicted by the theory.

[1] Tsyplyatyev et al., Phys. Rev. Lett., 114, 196401 (2015)

[2] Moreno et al., Nat. Commun. 7, 12784 (2016)

15 min. break.

TT 36.7 Tue 11:15 HFT-FT 101
Systematic reduction of Thermodynamic Bethe Ansatz equa-
tions by means of Bicklund hierarchies — eEvyzo STouTEN and
ANDREAs KLUMPER — Bergische Universitat Wuppertal, 42097 Wup-
pertal, Germany

For integrable systems there is an established way to calculate ther-
modynamics through the Thermodynamic Bethe Ansatz. The con-
ventional method necessarily involves the characterization of the full
spectrum of the Hamiltonian via combinatorial means. An alternative
approach is to study the leading eigenvalue of a column to column or
quantum transfer matrix (QTM), which is related to an infinite fam-
ily of QTM by factorization of the bilinear fusion relations (of Hirota
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type). By studying the analyticity of the constituents of the QTM
one can rewrite the fusion relations into non-linear integral equations
(NLIE) that characterize the leading eigenvalue. This transformation
only depends on some knowledge of the partial spectrum of the QTM.
To extract the thermodynamic properties at finite temperatures the
infinite hierarchy of NLIE is truncated to a finite set at the cost of
introducing a finite set of auxiliary equations. In previous works these
auxiliary equations could only be derived in a heuristic manner for low
rank systems. The goal of this research is to derive them in a system-
atic way by factorization of a set of bilinear Backlund equations and
extending to arbitrary rank. The use of Backlund relations is inspired
by a series of papers [1| where they where introduced because of their
relation to the Hirota equations and the related fusion relations.
[1] Zabrodin et al., Nucl. Phys. B 790 (2008) 345

TT 36.8 Tue 11:30 HFT-FT 101
DC-Conductance of one-dimensional correlated systems de-
rived by DMRG — eJan-MoriTz Biscuorr and ERrRic JECKEL-
MANN — Leibniz Universitdt Hannover, Hannover, Deutschland

We present an efficient method [1] for computing the zero-temperature
linear conductance of correlated one-dimensional systems using the
density-matrix renormalization group (DMRG). Like in [2], the model
expresses the conductance as limits of dynamical correlation func-
tions in finite systems within Linear Response Theory. These cor-
relation functions can be calculated by dynamical DMRG. We tested
the method first on non-interacting models for comparison with ex-
act results and in order to determine an appropriate scaling of fre-
quency, system size and spectral broadening. In addition, we extended
the procedure to interacting systems using the one-dimensional spin-
less fermion model. The results were in good agreement with field-
theoretical predictions (combined with the Bethe Ansatz solution) for
the renormalization of conductance in a pure Luttinger liquid, as well
as for the effects of an impurity in a Luttinger liquid [3]. We were also
able to simulate the experimental more relevant setup of a wire that
is coupled to leads and will present our first results.

[1] J.-M. Bischoff, E. Jeckelmann, PRB 96, 195111 (2017)

[2] D. Bohr, P. Schmitteckert, P.W. Wélfle, Europhys. Lett., 73, 246
(2006)

[3] C.L. Kane, M.P.A. Fisher, PRB 46, 15233 (1992)

TT 36.9 Tue 11:45 HFT-FT 101
Effective narrow ladder model for a spinless fermion wire
on a semiconducting substrate — e ANAs ABDELWAHAB and ERic
JECKELMANN — Institut fiir Theoretische Physik, Leibniz Universitét
Hannover, Hannover, Germany

A spinless fermion wire coupled to a 3D-tight-binding substrate is ap-
proximated by a few-leg narrow ladder model (NLM) using the ex-
act mapping introduced in Refs.[1] and [2]. Three phases are distin-
guished, namely, a one-component Luttinger liquid, a charge-density-
wave (CDW) and a doped band insulator. We investigated the conver-
gence of the single-particle excitation gap with increasing number of
legs in the NLM. We confirm that the NLM is a good approximation
to the 3D wire-substrate model in the one-component Luttinger lig-
uid and the CDW phases. The NLM describes only qualitatively the
doped band-insulator phase. The quantum phase transitions between
the three phases are investigated as function of the wire-substrate cou-
pling. The critical nearest-neighbor interactions increase with increas-
ing the wire-substrate coupling.

Support from the DFG through the Research Units FOR 1700 is
gratefully acknowledged.
[1] A. Abdelwahab, E. Jeckelmann, and M. Hohenadler, Phys. Rev. B
96, 035445 (2017).
[2] A. Abdelwahab, E. Jeckelmann, and M. Hohenadler, Phys. Rev. B
96, 035446 (2017).

TT 36.10 Tue 12:00 HFT-FT 101
Spectral flow for an integrable staggered superspin chain —
eKonsTanTIN HoBUss and HoLceErR FrRAHM — Institut fiir Theoretis-
che Physik, Leibniz Universitat Hannover

The flow of the low energy eigenstates of a Ugq[sl(2|1)] superspin chain
with alternating fundamental (3) and dual (3) representations is stud-
ied as function of a twist angle determining the boundary conditions.
The finite size spectrum is characterized in terms of scaling dimen-
sions and quasi momenta representing the two families of commuting
transfer matrices for the model which are even and odd under the in-
terchange 3 <+ 3, respectively. Based on the extrapolation of our finite
size data we find that under a variation of the boundary conditions
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from antiperiodic to periodic for the fermionic degrees of freedom lev-
els from the continuous part of the spectrum flow into discrete levels
and vice versa. The implications of our results on the underlying con-

formal field theory which describes the continuum limit are discussed.

TT 37: Skyrmions Il (joint session MA/TT /KFM)

Time: Tuesday 9:30-13:15

TT 37.1 Tue 9:30 EB 301
Low temperature magnetic field mapping on Néel-skyrmions
in GaV4Se8 — eFranziska SEFERT!, FELIX L. Kern!, IsTVAN
KizsMARKI?, DaNiEL WoLr!, BErRND BtcuNER!, and AxeL Lusk!
— 1Leibniz Institute for Solid State and Materials research Dresden,
Germany — 2University of Augsburg, Germany

Skyrmions are promising candidates for magnetic memory devices, be-
cause of their small size, thermal stability and high mobility. Here we
report on Skyrmion mapping in GaV4Se8 carried out on our dedicated
cryo TEM fitted with a continuous-flow liquid He cryostat, facilitating
electron holography and Lorentz TEM down to 7K. Bulk GaV4Se8
is predicted to show Neel type skyrmions below 18K under applied
magnetic field between 0.10T and 0.45T mT. Using Lorentz TEM,
we characterized the cycloidal and skyrmionic phase of thin GaV4Se8
lamellas in dependence of temperature and applied magnetic field. By
mapping the magnetic phase diagram of the thin film we identify mag-
netic textures that are not considered in the bulk phase diagram. We
discuss the origins of these in terms of crystal symmetries and strain
prevailing in the thin film slab geometry.

TT 37.2 Tue 9:45 EB 301
Probing skyrmion lattice phase by NMR in GaV4Sg —
eMARKUS PrINz-Zwick, NORBERT BUTTGEN, VLADIMIR TSURKAN,
MARTINA SCHADLER, and IsTVAN KEzsMARKI — Center of electronic
correlation and magnetism, University of Augsburg

With the discovery of Néel-Type skyrmions forming in a skyrmion lat-
tice (SKL) in the lacunar spinel GaV4Sg, the characterization and anal-
ysis of such polar axially symmetric skyrmion host materials gained
general interest. From a microscopic point of view we want to eluci-
date the local distribution of internal magnetic fields associated with
the SkL and probe spin excitations using Nuclear Magnetic Reso-
nance(NMR) spectroscopy. Since the stability of the SkL phase is
limited to the sub-Tesla range, this is a highly challenging issue. Here,
we report NMR results within the SkL-phase in the lacunar spinel
GaV4Sg, and the first so called zero-field NMR measurements, where
the internal field of the V4 cubanes was exploited to perform °1'V mea-
surements for applied magnetic fields 0 < poH < 100mT.

TT 37.3 Tue 10:00 EB 301
Optically induced demagnetization and coherent spin ex-
citations in GaV4S8 eFUMIYA SEKIGUCHI', PRASHANT
PabMmaNaBHAN!, RoLrF B. VERSTEEG!, IsTvAN KgzsmArki?, and
PauL H. M. vaN LoosprEcHT! — lInstitute of Physics 2, Univer-
sity of Cologne, 50937 Cologne, Germany — 2Experimental Physics
V, Center for Electronic Correlations and Magnetism, University of

Augsburg, 86135 Augsburg, Germany

Skyrmions are quasiparticle-like topological spin textures stabilized in
non-centrosymmetric crystals with Dzyaloshinskii-Moriya interactions.
For potential applications and a better understanding of their nature,
it is important to understand their creation and annihilation dynamics,
as well as their collective excitation spectrum. Here we employ time
resolved magneto-optical Kerr experiments to study the magnetization
dynamics in the lacunar spinel GaV4S8 which hosts novel cycloid and
Néel-type skyrmion magnetic ground states. The experiments show
the emergence of a slow demagnetization process in the magnetically
ordered states. In addition, we observe coherent collective spin excita-
tions in both the cycloid and skyrmion phases.

TT 37.4 Tue 10:15 EB 301
Temperature dependence of the cubic anisotropy in the room-
temperature skyrmion host CogZngMny — eBERTALAN GYORGY
SzigeTri!, DIETER EHLERS?, KosuKE KARUBE®, ISTVAN KEZSMARKIZ,
Hans-ALBRECHT KRuUuG VON Nippa2, MARKUS PREISSINGERZ,
VLADIMIR TSURKAN?, YUSUKE TokunNaca®, Yasusiro TAcUCHI,
and YosHINORI Tokura® — !Department of Physics, Budapest Uni-

versity of Technology and Economics,1111 Budapest, Hungary —
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2Experimental Physik V, EKM, Universitit Augsburg, 86135 Augs-
burg — 3RIKEN Centre for Emergent Matter Science (CEMS), Wako
351-0198, Japan

The B-Mn-type Co-Zn-Mn alloys are cubic chiral room temperature
skyrmion hosts already studied by Lorentz transmission electron mi-
croscopy, magnetization and small-angle neutron scattering[l]. Spin
wave spectroscopy of the Dzyaloshinskii-Moriya interaction has been
measured for CogZngMns and CogZngMns|[2]. CogZngMnsy can host
metastable skyrmions in zero magnetic field below its Toa 400 K
Curie-temperature[3|. In this work we present ESR measurements in
the field polarized state of CogZngMns to investigate the temperature
dependence of the cubic magnetocrystalline anisotropy and its influ-
ence on the properties of the meta-stable skyrmion lattice state. We
found strong correlation between the change in the anisotropy and the
trigonal to square lattice transformation of the skyrmion state.

[1] Tokunaga, Y., et al., Nat. Commun. 6, 7638 (2015), [2] Takagi,
R., et al., Phys. Rev. B 95, 220406 (2017), [3] Karube, K., et al.,
arXiv:1709.08047 (2017).

TT 37.5 Tue 10:30 EB 301
Effects of Magnetocrystalline Anisotropy on the Trian-
gular to Square Lattice Transformation of Skyrmions —
eMaRrkus PRrrissiNGER!, DieTER EnLers!, Kosuke KARUBEZ,
IsTvAN KEzsMARKI', HaNs-ALBRECHT KRrRuc voN Nippal, BERTA-
LAN SziGeETI®, YUSUKE TokUNAGA?, YasusiRo TacucHui?, YosHI-
NoRI TokURAZ2, and VLADIMIER TsurkaN! — lExperimentalphysik
V, EKM, Universitit Augsburg, 86135 Augsburg — 2RIKEN Cen-
tre for Emergent Matter Science (CEMS), Wako 351-0198, Japan —
3Department of Physics, Budapest University of Technology and Eco-
nomics, 1111 Budapest, Hungary

The B-manganese-type alloy CogZngMny exhibits a helical state below
the Curie-temperature T. ~ 300K 1. Below the phase transition, be-
tween 300 K and 284 K, an equilibrium skyrmion lattice state occurs in
weak magnetic fields in the range of 400 Oe. This state can be quenched
down to lower temperatures by rapid field cooling. Below 150 K the
metastable triangular skyrmion lattice transforms into a square lattice
2. The magnetocrystalline anisotropy in the ferromagnetic phase was
determined by ferromagnetic resonance measurements. We discuss its
impact on the phase transition between the two types of skyrmion lat-
tices. On cooling, the increasing cubic anisotropy constant K; seems
to drive the phase transition of the skyrmion lattice between 150 K and
40 K. The temperature dependence of the corresponding critical fields
turns out to be correlated to the anisotropy constant Kj.

L T. Hori et al., J. Magn. Magn. Mater. 310, 1820-1822 (2007).

2 K. Karube et al., Nature Materials 15, 1237-1243 (2016).

TT 37.6 Tue 10:45 EB 301
Incommensurate magnetic systems studied with the multi-
purpose three-axis spectrometer (TAS) MIRA at FRM II —
eRoBERT GEORcII!, ToBias WEBERY2, GEorc BranpL!, and PE-
TER BONI® — !Maier-Leibnitz Zentrum (MLZ), Garching, Germany
— 2Institut Laue Langevin (ILL), Grenoble, France — 3Physik De-
partment E21, TU Miinchen, Garching, Germany

Incommensurate magnetic structures like Helimagnons and Skyrmions
are currently intensively studied. Due to their large size and rigid
structure they often show very low-lying excitations, where most of
the interesting physics is taking place below some meV. The cold-
neutron three-axis spectrometer MIRA is an instrument optimized for
such low-energy excitations. Its excellent intrinsic resolution makes
it ideal for studying incommensurate magnetic systems. Here we will
present several examples for the dynamics of such structures which
have been measured with MIRA.

TT 37.7 Tue 11:00 EB 301
Induction mapping of the 3D Spin Texture of Skyrmions
in Thin Helimagnets — oSEBASTIAN ScHNEIDER!2, DANIEL
WoLr!, Martaew J. Storr?, Sonc Jin3, Darius PouL!, BERND
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RELLINGHAUS!, MaRcus ScuMIDT?, BERND BUCHNER!, SEBASTIAN
T. B. GoenNENWEIN?, KorNELIUS NieLsca!?, and AxeL LuBk! —
FW Dresden, Dresden, Germany — 2TU Dresden, Dresden, Ger-
many — 3University of Wisconsin-Madison, Madison, USA — 4MPI
CPf1S, Dresden, Germany

Envisaged applications of skyrmions in magnetic memory and logic
devices crucially depend on the stability and mobility of these topo-
logically non-trivial magnetic textures in thin films. We present for the
first time experimental evidence for a characteristic 3D modulation of
the skyrmionic spin texture towards the sample surface. Inherent to
this structure is the gradual change of the Bloch nature of the skyrmion
in the depth of the film to surface chiral twists. By combining focal
series inline electron holography (EH), and off-axis EH to quantita-
tively reconstruct the projected magnetic field pertaining to both the
helical and the skyrmion lattice phase in single crystal nanoplates of
the isotropic chiral magnet Feg 95Co00.05Ge nanoplate with electron
tomography and magnetostatic simulations of the fields, we extract
quantitative information on the 3D spin texture of skyrmions. Our re-
sults highlight the relevance of surfaces for the formation of skyrmions
in thin film geometries and pave the way towards a surface-induced
tailoring of the skyrmion structure.

15 minutes break

Topical Talk TT 37.8 Tue 11:30 EB 301
Composite topological excitations in ferromagnet-
superconductor heterostructures — eKyeTiL HaLs — Depart-
ment of Engineering Sciences, University of Agder, 4879 Grimstad,
Norway

Heterostructures of conventional superconductors and ferromagnets
are currently attracting considerable interest because of their poten-
tial use for realizing topological superconductivity. The combination
of spin-orbit coupling in the superconductor and the lack of inver-
sion symmetry of these heterostructures leads to a magnetoelectric
coupling between the magnetic and superconducting order parameters
[1, 2]. In this talk, I demonstrate that the magnetoelectric coupling
causes magnetic skyrmions and superconducting vortices to bind, form-
ing skyrmion-vortex pairs (SVPs) which represent topological excita-
tions of the hybrid system [1]. I determine the conditions under which
a bound SVP is formed, and characterize the range and depth of the
effective binding potential through analytical estimates and numeri-
cal simulations. Furthermore, I develop a semiclassical description of
the coupled skyrmion-vortex dynamics and discuss how SVPs can be
controlled by applied spin currents.

[1] K.M.D. Hals, M. Schecter, M. S. Rudner, Phys. Rev. Lett. 117,
017001 (2016). [2] K. M. D. Hals, Phys. Rev. B 95, 134504 (2017).

TT 37.9 Tue 12:00 EB 301

Magnetoelectric effect and orbital magnetization in skyrmion

crystals: new ways for detection and characterization
of skyrmions — eBORGE GOBEL!, ALEXANDER MoOK2, JUR-
ceN Henk?, and INGrRID MErric!?2 — !Max-Planck-Institut fiir

Mikrostrukturphysik, D-06120 Halle — 2Institut fiir Physik, Martin-
Luther-Universitat, D-06120 Halle

Skyrmions are small magnetic quasiparticles, which are uniquely char-
acterized by their topological charge and their helicity. We present
theoretically how both properties can be determined without relying
on real-space imaging [1].

The topological Hall effect of electrons allows to distinguish
skyrmions from antiskyrmions by sign of the topological Hall con-
ductivity [2,3] and the orbital magnetization [1]. Here, we predict
a magnetoelectric effect in skyrmion crystals [1], which is the gener-
ation of a magnetization (polarization) by application of an electric
(magnetic) field. Its dependence on the skyrmion helicity fits that of
the classical toroidal moment of the spin texture and allows to differ-
entiate skyrmion helicities: it is largest for Bloch skyrmions and zero
for Néel skyrmions. We predict distinct features in the magnetoelectric
polarizability that can be used to detect and characterize skyrmions
in experiments.

[1] B. G&bel et al., submitted.
[2] B. Gobel et al., Phys. Rev. B 95, 094413 (2017).
[3] B. Gbel et al., New J. Phys. 19, 063042 (2017).

TT 37.10 Tue 12:15 EB 301

Antiferromagnetic skyrmion crystals: generation and topo-

logical spin Hall effect — eBORGE G6BEL!, ALEXANDER MOOK?Z,

(0]

JurGEN HENK2, and INGRID MERTIGY2 — Max-Planck-Institut fiir
Mikrostrukturphysik, D-06120 Halle — 2Institut fiir Physik, Martin-
Luther-Universitdat, D-06120 Halle

Skyrmions are topologically nontrivial, magnetic quasi-particles, that
are characterized by a topological charge. A regular array of
skyrmions—a skyrmion crystal (SkX)—features the topological Hall
effect (THE) of electrons [1,2], that, in turn, gives rise to the Hall
effect of the skyrmions themselves.

‘We present a generally applicable method to create stable an-
tiferromagnetic skyrmion crystals (AFM-SkXs) by growing a two-
sublattice SkX onto a collinear antiferromagnet. As an example
we show that both types of skyrmion crystals—conventional and
antiferromagnetic—exist in honeycomb lattices. While AFM-SkXs do
not show a THE, they exhibit a topological spin Hall effect [3]. The
zero skyrmion Hall effect carries over to isolated AFM skyrmions as
well. They can move in straight lines, at higher velocities and need
lower driving currents compared to conventional skyrmions [4,5].

[1] B. Gébel et al., Phys. Rev. B 95, 094413 (2017).

[2] B. Gébel et al., New J. Phys. 19, 063042 (2017).

3] B. Gébel et al., Phys. Rev. B 96, 060406(R) (2017).
[4] J. Barker et al., Phys. Rev. Lett. 116, 147203 (2016).
[5] X. Zhang et al., Sci. Rep. 6, 24795 (2016).

TT 37.11 Tue 12:30 EB 301
Topological Hall effect in Heusler compound Mn; 4PtSn —
ePRAVEEN VIR, NiTEsH KUuMAR, CHANDRA SHEKHAR, and CLAUDIA
FELsSER — Max Planck Institute for Chemical Physics of Solids, 01187
Dresden, Germany

Skyrmions are topologically stable vortex-like spin structure which are
considered as potential candidate for future high density memory de-
vices. They have been detected in many chiral and polar compounds
such as MnSi, FeGe, Co-Mn-Zn, GaV4Sg etc. Recently, with the help
of Lorentz transmission electron microscopy, one new vortex like spin
structure, so called antiskyrmions have been discovered in Mn-based
tetragonal Heusler compound Mn; 4PtSn and Mn 4Ptg.9Pdo.1Sn [1].
Antiskyrmion has been predicted to be anti-particle of Néel or Bloch
type skyrmions becuase they annihilate with conventional skyrmions
[2]. They are also topologically stable and consist of topological wind-
ing number or skyrmion number +1 [3]. Due to this topologically
stable spin nature, it can give rise to non-vanishing Berry phase in
real space. In other words, there could be nonzero topological Hall
effect. Here, we report large topological Hall effect in single crystal of
antiskyrmion hosting compounds Mn; 4PtSn.

TT 37.12 Tue 12:45 EB 301
Prospecting anti-skyrmions in ultra-thin Co films deposited
on W(110) — eFrLAvIANO JOSE DOsS SANTOS, BERND ZIMMERMANN,
STEFAN BLUGEL, MANUEL DpoOs SaNTos Dias, and SaMir Lounis
— Peter Griinberg Institut and Institute for Advanced Simulation,
Forschungszentrum Jiilich & JARA, D-52425 Jilich, Germany

Recently, the possibility of anti-skyrmion formation in magnetic films
on substrates with low symmetry due to anisotropic Dzyaloshinskii-
Moriya interactions (DMI) has been demonstated [1]. Experimentally,
such anisotropic DMI has been found for Co-films on W(110) [2]. Mo-
tivated by these findings, we investigated from first-principles the ten-
sor of magnetic interactions of films containing up to three layers of
Co reconstructed on W(110) surface as a continuation of our previ-
ous study [3]. We use the full-potential relativistic Korringa-Kohn-
Rostoker Green function method combined with a technique employing
infinitesimal rotations to access the different components of the tensor.
The anisotropy, magnitude and sign of the interactions are analysed
in detail with a focus on the DMI. Using atomistic spin dynamics sim-
ulations, we prospect and demonstrate the existence of skyrmions and
anti-skyrmions, which depend strongly on the thickness of Co films.
Finally, we unveil the spin-wave excitations characterising the topo-
logically distinct skyrmionic objects.

Work supported by the Brazilian agency CAPES (Project No.
13703/13-7) and the European Research Council (ERC-consolidator
Grant No. 681405-DYNASORE). [1] Nat. Commun. 8, 308 (2017); [2]
Phys. Rev. B 95, 214422 (2017); [3] Phys. Rev. B 95, 134408 (2017).

TT 37.13 Tue 13:00 EB 301
Material systems for skyrmions in Co-based ferro-
/antiferromagnetically (FM/AFM) coupled multilayers —
eHonGYING JiA, BERND ZIMMERMANN, GusTAv BIHLMAYER, and
STEFAN BLUGEL — Peter Griinberg Institut and Institute for Ad-
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vanced Simulation, Forschungszentrum Jilich and JARA, D-52425
Jilich, Germany

Magnetic skyrmions, in particular AFM skyrmions, are considered as
ideal candidates for high storage density information carriers due to
the suppressed skyrmion Hall effect and a smaller size by canceling
the dipolar fields. So far searching for materials that can host AFM
skyrmions is still a challenging task. Magnetic multilayers (MMLs)
with composite structures provide a great opportunity to design ma-
terials that can host spin-spirals, skyrmions or magnetic domains with
optimal properties. Here we will present the qualitative trends of mag-

netic exchange interactions throughout a wide range of {Z|Co|Pt}
MMLs (Z=3d: Cu, Zn; 4d: Tc~Cd; 5d: Au). The AFM coupling
in between the Co layers was observed in {Z|Co|Pt} MMLs (Z=Zn,
Ru, Rh, Cd). The effects of 3d-4d-5d hybridization between Co and the
nonmagnetic metals, in particular the effects around the Fermi level, on
the magnetic interactions will be discussed. The correlation between
the electric interface dipole moments and the sign and magnitude of
the Dzyaloshinskii-Moriya interaction will be also discussed.

We acknowledge financial support from the MAGicSky Horizon 2020
European Research FET Open project (#665095) and computing time
at JURECA from Jiilich Supercomputing Center and JARA-HPC.

TT 38: Magnetocaloric Effects (joint session MA/TT)

Time: Tuesday 9:30-12:45

TT 38.1 Tue 9:30 EB 407

A DFT and Monte Carlo approach to simulating the magne-
tocaloric effect in magnetovolume-coupled materials — eNuno
ForrunaTo!:?, JoAo AMARAL?, GERCsI ZsoLT?, JoAo GONGALVES?,
ViTorR AMARALZ, HONGBIN ZHANG!, OLIVER GUTFLEISCH!, VITALLI
PEecHARSKY?, KARL SANDEMAN®, and LESLEY CoHEN® — 1TU Darm-
stadt, Germany — 2CICECO, Universidade de Aveiro, Portugal —
3Physics, Trinity College Dublin, Ireland — % Ames Laboratory, United
States — ®Department of Physics, Imperial College London, United
Kingdom
Magnetic refrigeration is an emergent technology promising for eco-
friendly and more energy efficient refrigeration applications, using the
magnetocaloric effect (MCE). Magnetovolume effects contribute sig-
nificantly to the MCE, however the estimation of MCE with magne-
tovolume effects remains a challenge. In this work, we simulate the
MCE using a microscopic model solved by Monte Carlo methods that
evaluate the thermodynamic density of states. The magnetic inter-
action (J;;) between local moments is considered a function of vol-
ume (v), together with external field (H) and lattice volume terms:
H= —%EJ,-]- (v)S;.S; + %K’U2 — HM, where K is compressibility.

Simulation results are compared with the experimental data of Gd,
the typical benchmark material for room-temperature magnetic cool-
ing applications. We show that such a simple model quantitatively
reproduces experimental data for the MCE and the magnetostriction.
This work paves the way to a ’ground-up’, fast computational approach
to optimize and search for magnetic refrigerant materials.

TT 38.2 Tue 9:45 EB 407
Spin dynamics of magnetocaloric compounds under magnetic
field investigated with inelastic neutron scattering measure-
ments — eNikoraos Biniskos!?, KARIN ScHmaLzL!, STEPHANE
RaymoND2, and THomAs BRUCKEL? — !Forschungszentrum Jiilich
GmbH, Jiilich Centre for Neutron Science at ILL, 71 avenue des Mar-
tyrs, 38000 Grenoble, France — 2Univ. Grenoble Alpes, CEA, INAC,
MEM, 38000 Grenoble, France — 3Forschungszentrum Jiilich GmbH,
Jiilich Centre for Neutron Science (JCNS-2) and Peter Griinberg In-
stitut (PGI-4), JARA-FIT, 52425 Jiilich, Germany

The magnetocaloric effect (MCE) is a temperature or entropy change
of a material subject to a variation of magnetic field and is the ba-
sic principle of magnetic refrigeration. This technique is considered
as promising for a more environmentally friendly and efficient use of
energy. However, the microscopic mechanisms at play are to be re-
vealed and the key ingredients are to be identified in order to design
new materials. In order to understand the fundamental driving force
of the MCE, a microscopic study of magnetism with inelastic neutron
scattering (INS) measurements is necessary. To this aim, the spin dy-
namics of MnFe4Si3 and Mn5Si3, that exhibit the direct and inverse
MCE, respectively, have been investigated with INS measurements un-
der different magnetic fields and temperatures. It is evidenced that
the inverse MCE of Mn5Si3, the cooling by adiabatic magnetization,
is associated with field induced spin-fluctuations, contrary to the usual
suppression of fluctuations by a magnetic field that is observed in the
direct MCE of MnFe4Si3 [1]. [1]N. Biniskos et al., Phys. Rev. B 96
104407 (2017).

TT 38.3 Tue 10:00 EB 407

Element-specific view on La(FeSi)13 — eKarnariNa OLLEFS!,
Markus E. GRUNER!, FABRICE WILHELM2, ANDREI ROGALEVZ,

Irya RabpuLov®, ALEXANDRA TERWEY!, BENEDIKT Eccerr!
b 3 9

76
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Maria KrauTrz?, KoNsTANTIN Skokov®, WERNER KEUNE!, OLIVER
GurrLeiscH®, and Heiko WENDE! — !Faculty of Physics and
CENIDE, University of Duisburg- Essen, Germany — 2European Syn-
chrotron Radiation Facility, Grenoble, France — 3Functional Ma-
terials, Technical University Darmstadt, Darmstadt, Germany —
4Institute for Complex Materials, IFW Dresden, Dresden, Germany

Due to its large magneto-caloric effect, the itinerant electron metamag-
net La(FeSi)13 is of great interest for its potential use in solid state re-
frigeration. In order to better understand the magnetic interactions in
this material and how they change at the transition, we have performed
x-ray absorption measurements. X-ray magnetic circular dichroism
measurements in the low temperature phase at the Fe K-edge and La
L2, 3-edges reveal not only a magnetic moment on Fe but also a sizable
magnetic moment in the 5d states of La. Magneto-optical sum-rule
analysis and DFT calculations indicate an anti-parallel alignement of
the Fe and La spin moment and a small orbital moment on La also anti-
parallel to spin moment. Disentangling the different magnetic moment
contributions in La(FeSi)13 may reveal additional sources for hystere-
sis and might shed light on the thermodynamic role of the particular
magnetic degrees of freedom.
Funding by the DFG (SPP1599) is acknowledged.

TT 38.4 Tue 10:15 EB 407
Dynamic effects of the magneto-elastic phase transition in a
FeyP-type magnetocaloric alloy — eMaxiMiLIAN Fries!, PFEUF-
FER Lukas!, Tino GorrscHaLL!?, FranziskA ScHEIBELD3, KON-
STANTIN SKOKOV!, YOURI SKOURSKI2, MEHMET ACET®, MICHAEL
FarLE3, JocHEN WosniTzA3, and OLIVER GuTrLEIscH! — !Institut
fiir Materialwissenschaft, Technische Universitdt Darmstadt, 64287
Darmstadt — 2Hochfeldlabor Dresden (HLD-EMFL), Helmholtz-
Zentrum Dresden-Rossendorf, 01328 Dresden — 3Fakultit fiir Physik
und CENIDE, Universitat Duisburg-Essen, 47057 Duisburg

Magnetic refrigeration could be an efficient alternative refrigeration
technology if operated at high cycling frequencies [1]. In order to
investigate if the magnetocaloric materials are applicable in a high-
frequency cooling device we measured the adiabatic temperature
change AT,  of a FeaP-type alloy [2| under different field-change rates
ranging from 0.93 Ts~! in a permanent-magnet-based Halbach setup to
2700 Ts~! in pulsed fields. We observed that a field-rate independent
second-order like phase transition always overlaps with the first-order
phase transition leading to a non-saturating behavior of AT,y even in
fields up to 20 T. By measurements under different field pulse rates we
show that the first-order phase transition cannot follow the fast field
changes, resulting in a distinct field-dependent hysteresis of AT, .

[1] O. Gutfleisch et al., Philosophical Transactions of the Royal So-
ciety A 374 (2016) 20150308. [2] M. Fries et al., Acta Materialia 132
(2017) 222

TT 38.5 Tue 10:30 EB 407

Decoupling of the magnetostructural transition in mag-

ntocaloric La-Fe-Si alloys — eYANYAN SHA0!2, KONSTANTIN
Skokov?, Francors GuiLLou®, DMiTRIY YU KARPENKOVZ, MINGX-
1a0 ZHANG!, OLivEr GurrLEisce?, and Jian Liu! — Ningbo In-

stitute of Material Technology and Engineering, CAS, 315201 Ningbo,
China — 2Material Science, TU Darmstadt, 64287 Darmstadt, Ger-
many — 3European Synchrotron Radiation Facility, 38000 Grenoble,
France

The giant magnetocaloric effect occurs when a magnetic material un-
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dergoes a first-order magnetic transition, which usually involves the
coupling of magnetic and lattice contributions [1]. In order to inves-
tigate in detail the evolution of the magnetostructural phase transi-
tion, both magnetocaloric (dT(H)) and magnetovolume (dV(H)) ef-
fects in Lal.7Fell.6Sil1.4 alloy were measured simultaneously. We ob-
served that under isothermal conditions, only heat transfer occurs first,
whereas the structural transition takes place in higher fields, where the
heat transfer is already in progress or almost completed. The shift be-
tween the magnetic and structural transitions is 0.27 T, which clearly
indicates a decoupling effect. The decoupling effect was also confirmed
by X-ray absorption (lattice contribution) and by magnetic circular
dichroism (change in magnetic system). We will discuss different rea-
sons for the decoupling effect. [1]V. K. Pecharsky et al., Physical
Review Letters. 91 (2003) 197204.

TT 38.6 Tue 10:45 EB 407
Correlation of microstructural and magnetic properties of
Mn-Fe-P-Si magnetocaloric compounds — eL.ukas PFEUFFER!,
MaximiLiaN Fries!, ENrico BRUDER!, TiNo GOTTSCHALL?, SEMIH
Ener!, LEoroLDp Diopr!, THORSTEN GROB!, KONSTANTIN SkokoV!,
and OLIVER GUTFLEISCH! — Fachbereich Materialwissenschaft, TU
Darmstadt, 64287, Darmstadt, Germany — 2Dresden High Magnetic
Field Laboratory, Helmholtz-Zentrum Dresden-Rossendorf, 01328,

Dresden, Germany

Mn-Fe-P-Si alloys of Fe2P-type are very promising candidates for
magnetocaloric applications. Extensive studies dealing with the op-
timization of the chemical composition have been published in recent
years. However, the microstructure and its effect on the thermomag-
netic properties are rarely discussed in literature. For this reason, we
processed Mn-Fe-P-Si samples using a powder-metallurgical approach
and characterized their microstructure and magnetocaloric behaviour.
SEM, EDX, EBSD and XRD studies display small amounts of a cubic
secondary phase showing a distinct phosphorous depletion and a char-
acteristic arrangement at the triple junctions of the Fe2P grains. A
shift in saturation magnetization, transition temperature and isother-
mal entropy change as a function of the secondary phase fraction can
be observed. A significant influence of the metal/non-metal ratio on
the above mentioned properties could be investigated. Additionally, all
the prepared samples reveal a virgin effect shown thermomagnetically
and with temperature dependent optical microscopy.

TT 38.7 Tue 11:00 EB 407
Influence of substitutions, hydrostatic pressure and mag-
netic field on the MnNiGe system — e ANDREAS TAUBEL, TINO
GorrscHALL, MaxiMILIAN FRries, Tom Faske, KonstanTIN P.
Skokov, and OLIVER GUTFLEISCH — TU Darmstadt, Institute of Ma-
terial Science, Alarich-Weiss-Str. 16, 64287 Darmstadt, Germany

An enhancement in the energy efficiency of cooling devices for house-
hold refrigeration and air conditioning can provide worldwide savings
in energy and COg emissions. An alternative to conventional gas com-
pression refrigerators is solid state based magnetocaloric cooling with
the potential of increased energy efficiency. The MM’X materials fam-
ily provides promising magnetocaloric effects with sharp phase transi-
tions for the MnNiGe and MnCoGe systems.

We studied the isostructural substitutions of Fe for Mn and Si for
Ge, which enhance the ferromagnetic character of the low temperature
phase, allow for a precise tuning of the transition temperature and re-
duce the amount of expensive Ge in the compounds. Since a magnetic
field shifts the transition temperature by 1 K T, the phase transition
cannot be induced completely in small fields. We directly measured a
maximum adiabatic temperature change of 1.3 K for the first magnetic
field application of 1.93 T [1]. Therefore, the large sensitivity towards
hydrostatic pressure (72 K GPa~!) enables an additional stimulus to
induce the phase transition more efficiently for Fe- and Si-substituted
(Mn,Fe)Ni(Ge,Si) compounds.

This work was supported by DFG (Grant No. SPP1599).

[1] A. Taubel et al., J. Phys. D: Appl. Phys. 50, 464005 (2017)

15 minutes break

TT 38.8 Tue 11:30 EB 407
Exploring three-dimensional temperature gradients in mag-
netic tunnel junctions: Anomalous Nernst effect — UL-
RIKE MARTENs!, TorsTEN HUEBNER2, HENNING ULRICHS3, OLIVER
REeIMER?, TiMo KuscuEL?, RoNNIE TaMmMING?, CHia-LiN CHANG?,
RaANAN ToBEY?, ANDy TroMAS®?, MARKUsS MUNZENBERG!, and
eJakoB WaLowski! — Universitit Greifswald, Greifswald, Germany

7

— 2Bielefeld University, Bielefeld, Germany — 3Universitit Gottin-
gen, Gottingen, Germany — “*University of Groningen, Groningen,
The Netherlands — SIFW Dresden, Institute for Metallic Materials,
Dresden, Germany

We measure the anomalous Nernst effect (ANE) generated on a
nanometer length scale by micrometer sized temperature gradients in
magnetic tunnel junctions (MTJs). The ANE is extracted by ana-
lyzing the influence of in-plane temperature gradients on the tunnel
magneto-Seebeck effect (TMS) in in-plane magnetized MTJs based on
CoFeB electrodes with uniaxial magnetic anisotropy and an MgO tun-
nel barrier. The direction controlled temperature gradients are created
by a focused laser spot. The spatial extent of the measured effects is
defined by the MTJ size, while the spatial resolution is given by the
laser spot size and the step size of its lateral translation. The mea-
surement method is highly sensitive to low voltages and yields an ANE
coefficient of Ky ~ 1.6 - 108 % for CoFeB. At such sensitivity, the
generated ANE effect allows to expand the MTJs’ functionality from
simple memory storage to nonvolatile logic devices and opens new ap-
plication fields e.g. direction dependent temperature sensing.

TT 38.9 Tue 11:45 EB 407
Anomalous Nernst effect in carbon doped Mn;Ges and
Mn;5Si3 thin films — eSasMiTA SRICHANDAN, SiHAO DENG, and
CHRISTOPH SURGERS — Karlsruhe Institute of Technology, Physikalis-
ches Institut, PO Box 6980, 76049 Karlsruhe, Germany

Carbon doped MnsGes shows enhanced magnetic properties compared
to pure MnsGes which makes MnsGe3C,, suitable for spintronics appli-
cations. The magnetotransport properties of ferromagnetic MnsGes,
MnsGeszCp.g and MnsSizCop.g systems have been previously investi-
gated [1]. In this present work, the thermal-magnetotransport prop-
erties, in particular the anomalous Nernst effect (ANE), have been
experimentally investigated in thin films of MnsGesCq g, Mn5Si3Cop.g
and MnsGes on Ge (111). The ANE coefficients for all the films show
the same positive sign at high temperatures until at about 100 K the
sign changes to negative for MnsGe3Cp.g and MnsGes films but not
for MnsSizgCp.g film. This behavior follows the same change of sign
behavior previously observed in the anisotropic magnetoresistance ra-
tio and ordinary Hall coefficient for these films. The change of sign
of the ANE is the direct consequence of the Mott relation in our fer-
romagnetic films [2] even if the sign of the anomalous Hall coefficient
remains unchanged. In addition, a possible contribution from the spin
Seebeck effect to the transverse thermo-voltage has been addressed.
[1] C. Siirgers et al. Phys. Rev. B 90, 104421(2014)

[2] T. Miyasato et al. Phys. Rev. Lett. 99, 086602(2007)

TT 38.10 Tue 12:00 EB 407
An experimental design to measure the spin Nernst effect —
eSANDRA GorTwaLs!, THIERRY CrozEs?, and GEorc ScHMIDT!:3
— 'Martin-Luther-Universitdt Halle-Wittenberg, Institut fiir Physik,
Fachgruppe Nanostrukturierte Materialien, Halle — 2Institut Néel,
CNRS, Grenoble — 3Martin-Luther-Universitit Halle-Wittenberg, In-
terdisziplinédres Zentrum fiir Materialwissenschaften, Halle

Like the spin Hall effect to the ordinary Hall effect the spin Nernst
effect compares to the Nernst effect. A thermal gradient in a material
with sufficient spin orbit coupling generates a spin current and spin ac-
cumulation perpendicular to the gradient. We are developing a setup
to measure the resulting spin accumulation and magnetic moment us-
ing micro SQUIDs. The sample design is rather complex because it
needs at least two micro SQUIDs to measure the spin accumulation on
two opposite sides of a Pt layer together with superconducting stripes
to measure the local temperature. On top of these a Pt layer and a
heater with the necessary electrical insulation need to be processed.
We present the results and current status of our development. On all
superconducting structures the critical current needs to be measured
simultaneously.

TT 38.11 Tue 12:15 EB 407
A tool for detecting complex magnetic configurations —
e ALEXANDER FERNANDEZ ScARIONI!, DAVID SCHROETER?, XIUKUN
Hu!, SiByLLE