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Overview of Invited Talks and Sessions

(Lecture rooms: HSZ 01, HSZ 03, HSZ 201, HSZ 204, HSZ 304, BEY 81 and WIL C107; Posters: P2)

Invited and Topical Talks except for Focus Sessions

TT 7.8

TT 34.1

TT 37.1

TT 37.10

TT 42.1

TT 57.7
TT 68.1

TT 71.6

TT 82.8

TT 83.1

TT 98.6

Mon

Tue

Tue

Tue

Tue

Wed
Wed

Wed

Thu

Thu

Thu

11:30-12:00

11:15-11:45

9:30-10:00

12:15-12:45

9:30-10:00

11:15-11:45
15:00-15:30

16:30-17:00

11:30-12:00

9:30-10:00

16:30-17:00

HSZ 03

HSZ 201

HSZ 304

HSZ 304

WIL C107

HSZ 304
HSZ 201

HSZ 03

HSZ 204

HSZ 03

BEY 81

Probing Decoherence in Atomic-Sized Defects Using a Supercon-
ducting Qubit — ¢JURGEN LISENFELD

Giant Thermopower in the Emerging Field of Super-Spintronics
— oMATTHIAS ESCHRIG

Superfluidity and Collective Pairing in Polariton Microcavities —
o'RANCESCA MARIA MARCHETTI
Mesoscopic Transport of Heat
oMARTIN BRUDERER

A First-Principles Perspective on Two-Dimensional Transition-
Metal Dichalcogenides — ¢UDO SCHWINGENSCHLOGL

Quantum Transport at Molecular Scales — eFERDINAND EVERS
Novel Effects of Disorder in Multiband Unconventional Super-
conductors — ePETER J HIRSCHFELD

Majorana Fermions in Chains of Magnetic Atoms on the Surface
of a Superconductor — eALI YAZDANI

Density Matrix Renormalization Group: Probing the Topology
of Quantum States — eFRANK POLLMANN

Kinetic Theory for the Relaxation of Quantum Many-Body Sys-
tems — eMARCUS KOLLAR

Real-Space Tailoring of the Electron-Phonon Coupling in Ultra-
Clean Nanotube Mechanical Resonators — eSHAHAL ILANI

in Trapped-Ion Crystals —

Tutorial “Thermoelectricity - The Quest for a High Figure of Merit”

TT 1.1 Sun 16:00-16:45
TT 1.2 Sun 16:50-17:35
TT 1.3 Sun 17:40-18:25

HSZ 304

HSZ 304

HSZ 304

Thermoelectric Effects: Basic Aspects, Boltzmann Theory, Onsager

Relations — e ARTHUR ERNST

Thermal Transport Measurements at the Nanoscale — eSASKIA F. FIs-

CHER

High Temperature Thermoelectric Power Generators: Materials and

Devices — e ANKE WEIDENKAFF

Tutorial “Advanced Algorithms for Correlated Quantum Matter”

TT 2.1 Sun 16:00-16:45
TT 2.2 Sun 16:50-17:35
TT 2.3 Sun 17:40-18:25

HSZ 04
HSZ 04
HSZ 04

DMRG and Entanglement Scaling — eFABIAN HEIDRICH-MEISNER
Introduction to Tensor Networks — eROMAN ORUS
Quantum Monte Carlo Methods — eSTEFAN WESSEL
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Invited and Topical Talks of the Focus Session “Dynamics, Topology, and Fractionalisation”

TT 16.1

TT 16.2

TT 16.3

TT 16.4
TT 16.5

Invited and Topical Talks of the

Mon

Mon

Mon

Mon
Mon

15:00-15:30

15:30-16:00

16:00-16:30

16:45-17:15
17:15-17:45

Quantum Matter”

TT 36.1

TT 36.2

TT 36.3

TT 36.4

TT 36.5

Tue

Tue

Tue

Tue

Tue

9:30-10:00

10:00-10:30

10:30-11:00

11:15-11:45

11:45-12:15

HSZ 01

HSZ 01

HSZ 01

HSZ 01
HSZ 01

HSZ 03

HSZ 03

HSZ 03

HSZ 03

HSZ 03

Dynamics in Heisenberg Chains: From Fractional Excitations to New
Out-of-Equilibrium States of Matter — ¢JEAN-SEBASTIEN CAUX
Inelastic Neutron Scattering on Candidate Kitaev Compounds —
eRADU COLDEA

Dynamics of Majorana Fermions in a Quantum Spin Liquid — eJOHN
CHALKER

Molecular Quantum Magnetism in LiZn;Mo30g — ¢COLLIN BROHOLM
Unwinding a Skyrmion Lattice: Emergent Monopoles in Chiral Mag-
nets — e ACHIM ROSCH

Focus Session “Advanced Algorithms for Strongly Correlated

Quantum Computing and Strongly Correlated Materials — e MATTHIAS
TROYER

Quantum Monte Carlo Simulations
Criticality — e ANDERS SANDVIK
Characterizing Entanglement Entropy with Quantum Monte Carlo —
eROGER MELKO

Field-Induced Superfluids and Bose Liquids in Projected Entangled
Pair States — eDIDIER POILBLANC

Nature of the Spin Liquid Ground State of the Kagome Model — o¢ULI
SCHOLLWOECK

of Deconfined Quantum-

Invited and Topical Talks of the Focus Session “Electronic Properties of Spin-Orbit Driven Oxides”

TT 56.1

TT 56.2

TT 56.3
TT 56.4

TT 56.5

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

HSZ 03

HSZ 03

HSZ 03
HSZ 03

HSZ 03

Exotic Magnetism of J.;y=1/2 Iso-Spins in Complex Ir Oxides —
oHHIDENORI TAKAGI

Isospin Dynamics in Sr;IrO, Revealed by Resonant Inelastic X-Ray
Scattering — e¢JUNGHO KIM

Honeycomb Lattice Iridates — ePHILIPP GEGENWART

Novel Magnetic States in Spin-Orbit Coupled Mott Insulators —
oGINIYAT KHALIULLIN

Electronic Structure of Honeycomb Iridates and Rhodates from a
Density Functional Theory Perspective — eHARALD O. JESCHKE

Invited and Topical Talks of the Focus Session “Theoretical Advances in Interacting Topological

Phases”

TT 95.1
TT 95.2

TT 95.3

TT 95.4

TT 95.5

Thu
Thu

Thu

Thu

Thu

15:00-15:30
15:30-16:00

16:00-16:30

16:45-17:15

17:15-17:45

HSZ 03
HSZ 03

HSZ 03

HSZ 03

HSZ 03

Fractional Topological Insulators — e ANDREI BERNEVIG

Non-Fermi Liquid, Quantum Critical, and Topological States in Iri-
dates — eLEON BALENTS

Collective Spin-Orbit Physics in j = 1/2 Mott Insulators — eSIMON
TREBST

Topological Kondo Insulators: An Example of Correlated Quantum
Spin Hall States — eFAKHER ASSAAD

Fractional Chern Insulators in Strongly Correlated Multiorbital Sys-
tems — eMARIA DAGHOFER
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Invited talks of the joint symposium SYMO
See SYMO for the full program of the symposium.

SYMO 1.1

SYMO 1.2

SYMO 1.3

SYMO 1.4

SYMO 1.5

Mon

Mon

Mon

Mon

Mon

9:30-10:00

10:00-10:30

10:45-11:15

11:15-11:45

11:45-12:15

HSZ 02 Molecular quantum spintronics with single-molecule magnets —
o¢WOLFGANG WERNSDORFER

HSZ 02 EPR Studies of Rare-Earth Molecular Nanomagnets — eSTEPHEN
HiLn

HSZ 02 On-surface magnetochemistry of spin-bearing metalorganic
molecules — ePETER M. OPPENEER

HSZ 02 Interfacing single-molecule magnets with metals — e ANDREA COR-
NIA

HSZ 02 Linking magnetic molecules to themselves, to others and to sur-

faces — eRICHARD WINPENNY

Invited talks of the joint symposium SYSG
See SYSG for the full program of the symposium.

SYSG 1.1
SYSG 1.2

SYSG 1.3

SYSG 1.4

SYSG 1.5

Tue
Tue

Tue

Tue

Tue

9:30-10:00
10:00-10:30

10:30-11:00

11:15-11:45

11:45-12:15

HSZ 02 Intrinsic magnetism in graphene — eIRINA GRIGORIEVA

HSZ 02 Defect Induced Magnetic Moments in Graphene — eROLAND
KAWAKAMI

HSZ 02 Role of MgO barriers for spin and charge transport in
Co/MgO/graphene spin-valve devices — ¢BERND BESCHOTEN

HSZ 02 Defect-Mediated Spin Relaxation and Dephasing in Graphene —
eJOSHUA FOLK

HSZ 02  Electron spin relaxation in graphene: resonant scattering off local

magnetic moments — eJAROSLAV FABIAN

Invited talks of the joint symposium SYOM
See SYOM for the full program of the symposium.

SYOM 1.1
SYOM 1.2
SYOM 1.3

SYOM 1.4

Sessions

TT 1.1-1.3
TT 2.1-2.3
TT 3.1-3.5

TT 4.1-4.13
TT 5.1-5.5

TT 6.1-6.8

TT 7.1-7.12
TT 8.1-8.13

TT 9.1-9.14

Fri

Fri

Fri

Fri

TT 10.1-10.10

9:30-10:10 HSZ 02  Atomic-scale dopant wires for quantum computer architectures —
eMICHELLE Y SIMMONS
10:10-10:50 HSZ 02 1+ ¢: Tuning the Dimensionality of Organic Conductors — eMARTIN
DRESSEL
11:10-11:50 HSZ 02 Spectral and transport properties of one-dimensional correlated
electrons — e¢VOLKER MEDEN
11:50-12:30 HSZ 02  Atomic nanowires on surfaces: Spectroscopic reality versus theoret-
ical fiction — eRALPH CLAESSEN
Sun  16:00-18:25  HSZ 304 Tutorial: Thermoelectricity - The Quest for a High Figure
of Merit
Sun  16:00-18:25 HSZ 04 Tutorial: Advanced Algorithms for Correlated Quantum
Matter
Mon  9:30-12:15 HSZ 02 Magnetic/Organic Interfaces and Molecular Magnetism
(organized by MA; with CPP, DS, HL, O, TT)
Mon  9:30-13:00 HSZ 201 Low-Dimensional Systems: 1D - Theory
Mon  9:30-10:45 HSZ 204 Transport: Quantum Coherence and Quantum Informa-
tion Systems - Experiment
Mon 11:00-13:00 HSZ 204 Transport: Quantum Coherence and Quantum Informa-
tion Systems - Theory 1
Mon  9:30-13:00 HSZ 03 Superconductivity: Cryodetectors
Mon  9:30-13:00 HSZ 304 Correlated Electrons: Spin Systems and Itinerant Magnets
- Frustrated Magnets I
Mon  9:30-13:15 BEY 81 Transport: Quantum Dots, Quantum Wires, Point Con-
tacts I (organized by TT)
Mon  9:30-12:00 BEY 118 Magnetic Heuslers, Half-Metals and Oxides I (organized

by MA)
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TT 11.1-11.1

TT 12.1-12.8

TT 13.1-13.11

TT 14.1-14.4

TT 15.1-15.8

TT 16.1-16.5

TT 17.1-17.13

TT 18.1-18.4
TT 19.1-19.9

TT 20.1-20.11
TT 21.1-21.5
TT 22.1-22.6
TT 23.1-23.7
TT 24.1-24.12
TT 25.1-25.11

TT 26.1-26.7
TT 27.1-27.8

TT 28.1-28.10
TT 29.1-29.12
TT 30.1-30.70
TT 31.1-31.5
TT 32.1-32.1
TT 33.1-33.5
TT 34.1-34.6
TT 35.1-35.13
TT 36.1-36.5

TT 37.1-37.10
TT 38.1-38.4

TT 39.1-39.9

TT 40.1-40.12
TT 41.1-41.5

TT 42.1-42.13
TT 43.1-43.11
TT 44.1-44.9

TT 45.1-45.8

TT 46.1-46.8

Mon

Mon

Mon

Mon

Mon

Mon

Mon

Mon
Mon

Mon
Mon
Mon
Mon
Mon
Mon

Mon
Mon

Mon
Mon
Mon
Tue
Tue
Tue
Tue
Tue
Tue

Tue
Tue

Tue

Tue
Tue

Tue
Tue
Tue

Tue

Tue

9:30-10:15

9:30-12:00

9:30-12:30

9:30-11:30

10:30-13:15

15:00-17:45

15:00-18:30

15:00-16:00
16:00-18:30

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

16:00-17:45
15:45-17:45

16:00-18:45
16:00-19:00
15:00-19:00
9:30-12:15
9:30- 9:45
9:45-11:00
11:15-13:00
9:30-13:00
9:30-12:15

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

10:45-13:00

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

9:30-13:15
10:30-13:15
10:30-13:15

14:00-16:00

14:00-16:00

GER 37
HUL 186
POT 051
POT 151
TRE Ma
HSZ 01

HSZ 201

HSZ 204
HSZ 204

HSZ 304
HSZ 04
BEY 81
BEY 81
BEY 118
POT 051

POT 006
POT 081

TRE Ma
WIL C107
P2

HSZ 02
HSZ 201
HSZ 201
HSZ 201
HSZ 204
HSZ 03

HSZ 304
BEY 81

BEY 81

BEY 118
POT 251

WIL C107
GER 38
TRE Ma

HSZ 201

HSZ 204

Invited Talk - Martin Fally (organized by DF; with CPP,
KR, TT)

Quantum Dynamics, Decoherence and Quantum Informa-
tion (organized by DY)

Topological Insulators: Mostly Structure and Electronic
Structure (organized by HL)

Focus Session: Physics of Quantum Rings (organized by
HL)

Focus Session: Frontiers of Electronic Structure Theory -
Non-Equilibrium Phenomena at the Nano-Scale (organized
by O)

Focus Session: Dynamics, Topology, and Fractionalisation
Superconductivity: Tunnelling, Josephson Junctions,
SQUIDs

Transport: Fluctuations and Noise

Transport: Quantum Dots, Quantum Wires, Point Con-
tacts II (organized by TT)

Correlated Electrons: Spin Systems and Itinerant Magnets
- Frustrated Magnets II

Focus Session: New Trends in Molecular Magnetism (or-
ganized by MA)

Low-Dimensional Systems: Charge Order
Low-Dimensional Systems: Other Materials

Magnetic Heuslers, Half-Metals and Oxides II (organized
by MA)

Focus Session: Electron Spin Qubits in Semiconductor
Quantum Dots (organized by HL)

Quantum Wires: Transport Properties (organized by HL)
Topological Insulators: Mostly Interaction with Magnetic
Fields (organized by HL)

Focussed Session: Frontiers of Electronic Structure The-
ory - Non-Equilibrium Phenomena at the Nano-Scale II
(organized by O)

Graphene: Structural Properties (organized by O)
Superconductivity - Poster Session

Spin Properties of Graphene (organized by HL; with DS,
MA, O, TT)

Cryotechnique

Superconductivity: Vortex Physics

Superconductivity: Heterostructures

Correlated Electrons: Quantum-Critical Phenomena - Ex-
periment 1

Focus Session: Advanced Algorithms for Strongly Corre-
lated Quantum Matter

Cold Atomic Gases

Transport: Spintronics and Magnetotransport (organized
by TT)

Transport: Quantum Coherence and Quantum Informa-
tion Systems - Theory II

Multiferroics I (organized by MA)

Focus Session: Quantum Light Sources Based on Solid
State Systems: Status and Visions I (organized by HL)
Transport: Graphene (organized by TT)

Topological Insulators (organized by O)

Focus Session: Frontiers of Electronic Structure Theory -
Non-Equilibrium Phenomena at the Nano-Scale III (orga-
nized by O)

Superconductivity: Fe-based Superconductors - 1111,111,
FeSe

Low-Dimensional Systems: Molecular Conductors
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TT 47.1-47.8

TT 48.1-48.8
TT 49.1-49.9
TT 50.1-50.8

TT 51.1-51.7
TT 52.1-52.6

TT 53.1-53.14
TT 54.1-54.6
TT 55.1-55.5

TT 56.1-56.5

TT 57.1-57.12
TT 58.1-58.13
TT 59.1-59.13
TT 60.1-60.5

TT 61.1-61.10
TT 62.1-62.7
TT 63.1-63.7
TT 64.1-64.7
TT 65.1-65.6
TT 66.1-66.10

TT 67.1-67.1
TT 68.1-68.10
TT 69.1-69.5

TT 70.1-70.8
TT 71.1-71.10
TT 72.1-72.5
TT 73.1-73.8
TT 74.1-74.14

TT 75.1-75.5

TT 76.1-76.6
TT 77.1-77.11

TT 78.1-78.13
TT 79.1-79.75
TT 80.1-80.22
TT 81.1-81.14
TT 82.1-82.13

TT 83.1-83.12
TT 84.1-84.14
TT 85.1-85.10
TT 86.1-86.12
TT 87.1-87.6

TT 88.1-88.1
TT 89.1-89.9

TT 90.1-90.9

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
Wed
Wed

Wed

Wed
Wed

Wed
Wed
Wed
Thu
Thu

Thu
Thu
Thu
Thu
Thu

Thu
Thu

Thu

14:00-16:00

14:00-16:00
13:45-16:00
14:00-16:00

14:30-16:15
14:00-15:45

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

9:30-12:15

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

9:30-12:15
10:15-12:00
9:30-11:15
9:30-11:15
11:30-13:00
10:30-13:15

12:30-13:00
15:00-18:00
15:00-16:15

16:30-18:30
15:00-18:00
15:00-16:15
16:30-18:30
15:00-18:45

15:00-17:45

15:00-16:30
16:00-19:15

16:00-19:15
15:00-19:00
15:00-19:00
9:30-13:15
9:30-13:15

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

9:30-10:00
10:00-12:30

10:00-12:15

HSZ 03

HSZ 304
HSZ 401
BEY 81

POT 112
POT 251

HSZ 201
HSZ 204
HSZ 204

HSZ 03

HSZ 304
HSZ 04
BEY 81
BEY 118

POT 051
POT 006
POT 151
POT 251
POT 251
TRE Ma

HSZ 02
HSZ 201
HSZ 204

HSZ 204
HSZ 03

HSZ 304
HSZ 304
BEY 81

BEY 118

POT 006
TRE Ma

WIL C107
P2

P2

HSZ 201
HSZ 204

HSZ 03
HSZ 304
HSZ 04
BEY 81
BEY 118

POT 081
POT 081

POT 151

Correlated Electrons: Spin Systems and Itinerant Magnets
- Frustrated Magnets II1

Transport: Topological Insulators I (organized by TT)
Spintronics (organized by MA)

Correlated Electrons: Quantum-Critical Phenomena -
Theory

Quantum Wires: Optical Properties (organized by HL)
Focus Session: Quantum Light Sources Based on Solid
State Systems: Status and Visions II (organized by HL)
Superconductivity: Fe-based Superconductors - 122
Correlated Electrons: Heavy Fermions

Correlated Electrons: Quantum-Critical Phenomena - Ex-
periment I1

Focus Session: Electronic Properties of Spin-Orbit Driven
Oxides

Transport: Molecular Electronics I

Multiferroics II (organized by MA)

Low-Dimensional Systems: 2D - Theory (organized by TT)
Focus Session: Chiral Domain Walls in Ultrathin Films
(organized by MA)

Graphene: Transport (organized by HL)

Spintronics I (organized by HL)

Topological Insulators: Theory (organized by HL)
Quantum Dots: Optical Properties I (organized by HL)
Quantum Dots: Optical Properties IT (organized by HL)
Focus Session: Frontiers of Electronic Structure Theory -
Non-Equilibrium Phenomena at the Nano-Scale IV (orga-
nized by O)

Gaede Prize Talk (organized by VAj; with DS, O, TT)
Superconductivity: Fe-based Superconductors - Theory I
Correlated Electrons: Spin Systems and Itinerant Magnets
- Chiral Magnets

Transport: Topological Insulators II (organized by TT)
Transport: Majorana Fermions (organized by TT)
Transport: Molecular Electronics IT

Transport: Carbon Nanotubes (organized by TT)
Correlated Electrons: Quantum Impurities,
Physics

Focus Session: Spin-Orbit Torque at Surfaces and Inter-
faces (organized by MA)

Quantum Information Systems I (organized by HL)
Focus Session: Frontiers of Electronic Structure Theory -
Non-Equilibrium Phenomena at the Nano-Scale V (orga-
nized by O)

Graphene: Electronic Properties (organized by O)
Correlated Electrons - Poster Session

Low-Dimensional Systems - Poster Session
Superconductivity: Properties and Electronic Structure
Low-Dimensional Systems: Topological Order (organized
by TT)

Correlated Electrons:
Body Systems I
Correlated Electrons: (General) Theory

Spincaloric Transport II (organized by MA)

Correlated Electrons: Other Materials

Focus Session: Unconventional Spin Structures (organized
by MA)

Invited Talk - Tobias Korn (organized by HL)
Graphene-Like Materials: Silicene, MoS, and Relatives
(organized by HL)

Spintronics IT (organized by HL)

Kondo

Nonequilibrium Quantum Many-
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TT 91.1-91.10

TT 92.1-92.5
TT 93.1-93.6
TT 94.1-94.10
TT 95.1-95.7

TT 96.1-96.8

TT 97.1-97.8
TT 98.1-98.10
TT 99.1-99.11

TT 100.1-100.11

TT 101.1-101.45
TT 102.1-102.6
TT 103.1-103.4

TT 104.1-104.9
TT 105.1-105.6
TT 106.1-106.7

TT 107.1-107.5
TT 108.1-108.7

Thu

Thu
Thu
Thu
Thu

Thu

Thu
Thu
Thu

Thu

Thu
Thu
Fri

Fri
Fri
Fri

Fri
Fri

10:30-13:15

15:00-16:15
16:30-18:00
15:00-17:45
15:00-18:25

15:00-17:00

16:45-18:45
15:00-18:00
15:00-18:00

16:00-18:45

15:00-19:00
15:00-19:00
9:30-12:30

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

9:30-10:45
11:30-13:15

TRE Ma

HSZ 201
HSZ 201
HSZ 204
HSZ 03

HSZ 304

HSZ 403
BEY 81
POT 081

WIL C107

P2
P2
HSZ 02

HSZ 04
POT 081
POT 081

POT 151
CHE 89

Focus Session: Frontiers of Electronic Structure Theory -
Non-Equilibrium Phenomena at the Nano-Scale VI (orga-
nized by O)

Superconductivity: Fe-based Superconductors - Theory II
Superconductivity: (General) Theory

Low-Dimensional Systems: Oxide Hetero-Interfaces
Focus Session: Theoretical Advances in Interacting Topo-
logical Phases (organized by TT)

Correlated Electrons: Nonequilibrium Quantum Many-
Body Systems II

Spincaloric Transport I (organized by MA)

Transport: Nanomechanics

Graphene: Spintronics, Transistors, and Sensors (orga-
nized by HL)

Graphene: Adsorption, Intercalation, Doping (organized
by O)

Transport - Poster Session

Cold Atomic Gases - Poster Session

Symposium One-Dimensional Metals: Reality or Fiction
(organized by DS; with HL, O, TT)

Topological Insulators (organized by MA)

Graphene: Bi- and Multi-Layers (organized by HL)
Graphene: Interaction with the Substrate (organized by
HL)

Quantum Information Systems II (organized by HL)
Graphene (joint session with TT, MA, HL, DY, O)

Annual General Meeting of the Low Temperature Physics Division
Thursday 18:30 Room H304
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Sunday

TT 1: Tutorial: Thermoelectricity - The Quest for a High Figure of Merit

The search for and the investigation of novel materials with excellent thermoelectric properties, i.e., a
high “figure of merit”, has been a hot topic recently, in particular, in view of numerous technological
applications. For example, a greater efficiency would generate brand new possibilities in the field of
power engineering, by using directly the waste heat in combustion engines while lowering CO2 emissions
at the same time, or in energy self-sufficient sensors. In this Tutorial, after an introduction into the
basic theoretical concepts, measurements at the nanoscale will be discussed, as well as applications in

power generat ors.

Organizers: Ulrich Eckern (Uni Augsburg), Claudia Felser (MPI CPfS Dresden)

Time: Sunday 16:00-18:25

Tutorial TT 1.1 Sun 16:00 HSZ 304
Thermoelectric Effects: Basic Aspects, Boltzmann The-
ory, Onsager Relations — eARTHUR ERNST — Max-Planck-
Institut fir Mikrostrukturphysik, Halle — Wilhelm-Ostwald-Institut
fir Physikalische und Theoretische Chemie, Universitit Leipzig

Thermoelectric phenomena which involve the conversion between ther-
mal and electrical energy and provide a method of heating and cooling
materials are expected to play an important role in meeting the en-
ergy challenge of the future. In my talk I shall present basic aspects of
the microscopic theory for thermoelectricity. First, I discuss the basic
definition of the thermoelectric heat. Then I present a short overview
of non-equilibrium thermodynamics and the microscopic theory of the
electronic transport. Further I review several approaches to describe
thermoelectric properties, present the state of the art in the under-
standing the thermoelectric phenomena, and conclude my talk with
some remarks on future prospects of the field.

5 min. break

Tutorial TT 1.2 Sun 16:50 HSZ 304
Thermal Transport Measurements at the Nanoscale —
eSASKIA F. FISCHER — AG Neue Materialien, Humboldt-Universitit
zu Berlin, 10099 Berlin

In this tutorial first an introduction to measurements of the electrical
conductivity, the thermopower and the thermal conductance will be
given. All three material parameters are required to determine the
thermoelectric figure of merit. However, the measurement techniques
which are successfully applied to bulk materials often cannot be trans-
ferred to nanoscale materials such as individual ultra-thin films, flakes

Location: HSZ 304

or nanowires. On behalf of particular examples, I will discuss measure-
ment techniques for such nanomaterials. In particular, the application
of a micro-machined platform for the full ZT-characterization allow-
ing as well for the investigation of the crystal structure and chemical
composition of a single nanowire will be demonstrated. If time allows,
an outlook to thermal transport in low-dimensional charge carrier sys-
tems and the determination of the charge carrier temperature via noise
thermometry will be given.

5 min. break

Tutorial TT 1.3 Sun 17:40 HSZ 304
High Temperature Thermoelectric Power Generators: Ma-
terials and Devices — eANKE WEIDENKAFF!:2 and WENJIE XIE?
— 1Empa, 8600 Diibendorf, Switzerland — 2Institut fiir Materialwis-
senschaft, Universitat Stuttgart, 70174 Stuttgart, Germany

With a thermoelectric converter heat can be directly converted into
electricity. A broad application of thermoelectric converters in fu-
ture energy technologies requires the development of thermoelectric
active, stable, low cost and sustainable materials. Suitable candidates
are being selected among novel materials according to their tempera-
ture dependent ZT (thermoelectric figure of merit) values, and their
compatibility factors to produce well performing thermoelectric con-
verters, delivering a high power output. Theses converters are tested
under ambient air at temperatures of T' > 900 °C and applied in an ex-
haust gas stream of a custom made hybrid vehicle, concentrated solar
thermal converters, metal casting furnaces and solid oxide fuel cells.
The lectures will provide an overview on the development of novel
perovskite-type and Heusler materials gaining importance for future
energy technologies

TT 2: Tutorial: Advanced Algorithms for Correlated Quantum Matter

This Tutorial provides an introduction into a most important sub-field of computational physics, namely
the investigation of strongly correlated quantum systems by modern numerical methods. Further details
and recent scientific advancements will be presented in the corresponding TT Focus Session (Tuesday,

starting at 9:30 in HSZ 03).

Organizers: Fakher Assaad (Uni Wiirzburg), Ulrich Eckern (Uni Augsburg)

Time: Sunday 16:00-18:25

Tutorial TT 2.1 Sun 16:00 HSZ 04
DMRG and Entanglement Scaling — eFABIAN HEIDRICH-
MEISNER — Ludwig-Maximilians-University Munich, Germany

This talk will provide an introduction to the density matrix renormal-
ization group method which provides numerical access to many-body
wave functions of quantum lattice models such as the Hubbard, Heisen-
berg, or the t-J model. The main idea is to approximate wave-functions
through finite-dimensional matrix product states (MPS). The perfor-
mance of the technique is intimately related to the entanglement en-
coded in the target wave-function. For gapped Hamiltonians with
short range interactions, the so-called area law states that their ground
states are only mildly entangled, permitting an efficient representation
of many-body states using MPS in one dimension. The more difficult
case of two-dimensional systems, critical systems in one dimension,
and time-evolution will also be discussed.

Location: HSZ 04

5 min. break

Tutorial TT 2.2 Sun 16:50 HSZ 04
Introduction to Tensor Networks — eROMAN ORUS — Institut
fir Physik, Johannes Gutenberg Universitit, Staudingerweg 7, 55099
Mainz, Deutschland

In this tutorial I will give an introduction to Tensor Network methods
for strongly correlated systems. Motivated by DMRG and the entan-
glement properties of 1d systems (see the related previous tutorial), I
will extend the ideas to deal with other types of situations, such as 2d
and scale-invariant systems. The PEPS and MERA tensor networks
will be presented and discussed. After providing practical examples, I
will explain some of the related numerical methods at an introductory
level.

5 min. break
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Tutorial TT 2.3 Sun 17:40 HSZ 04
Quantum Monte Carlo Methods — eSTEFAN WESSEL — Insti-
tute for Theoretical Solid State Physics, RWTH Aachen University,
Aachen, Germany

This tutorial will introduce the basic ideas behind modern quantum

Monte Carlo simulation methods, focusing on world-line approaches
for quantum spin systems. In particular, the cluster-based loop al-
gorithm in the continuous-time formulation as well as the stochastic
series expansion and the directed loop update approach will be pre-
sented. The advantages and limitations of these simulations methods
will be discussed.

TT 3: Magnetic/Organic Interfaces and Molecular Magnetism (organized by MA; with CPP, DS,
HL, O, TT)

Time: Monday 9:30-12:15

Invited Talk TT 3.1 Mon 9:30 HSZ 02
Molecular quantum spintronics with single-molecule magnets
— e WOLFGANG WERNSDORFER — Institut Néel, CNRS, BP 166, 38042
Grenoble, France

We will address the field called molecular quantum spintronics, com-
bining the concepts of spintronics, molecular electronics and quan-
tum computing. Various research groups are currently developing
low-temperature scanning tunnelling microscopes to manipulate spins
in single molecules, while others are working on molecular devices
(such as molecular spin-transistors, spin valves and filters, and carbon-
nanotube-based devices) to read and manipulate the spin state and
perform basic quantum operations. For ex., we have built a novel
spin-valve device in which a non-magnetic molecular quantum dot,
consisting of a Single-Wall Carbon Nanotube, is laterally coupled to a
TbPc2 molecular magnet. The localized magnetic moment of the SMM
led to a magnetic field-dependent modulation of the conductance in the
nanotube with magnetoresistance ratios of up to 300%. Using a molec-
ular spin-transistor, we achieved the electronic read-out of the nuclear
spin of an individual metal atom embedded in a single-molecule mag-
net (SMM). We could show very long spin lifetimes (several tens of
seconds). Using the hyperfine Stark effect, which transforms electric
fields into local effective magnetic fields, we could not only tune the
resonant frequency by several MHz, but we also performed coherent
quantum manipulations on a single nuclear qubit by means of electrical
fields only.

Invited Talk TT 3.2 Mon 10:00 HSZ 02
EPR Studies of Rare-Earth Molecular Nanomagnets —
oSTEPHEN HiLL!, Sanmita Guosu!, Dorsa KOMIJANI', SALVADOR
CARDONA-SERRAZ, JOSE-JAIME BALDOVIZ, YAN DUANZ, ALEJANDRO
GAITA-ARINOZ, and EUGENIO CORONADO? — ! Department of Physics
and NHMFL, Florida State University, Tallahassee, FL 32310, USA
— 2ICM, Universidad de Valencia, 46980 Paterna, Spain

I will discuss the application of multi-frequency EPR to study the static
and dynamic properties of a family of mononuclear Ln(III) (Ln = Ho
or Th) nanomagnets encapsulated in polyoxometallate (POM) cages.
The encapsulation offers the potential for spintronics applications on
surfaces or in devices, as it preserves the intrinsic properties of the
nanomagnet outside of a crystal. A large magnetic anisotropy arises
due to a splitting of the Hund’s coupled angular momentum (J = L+5)
ground state in the POM ligand field. High-frequency EPR studies for
the Ho(III) compound (J = 8) reveal an anisotropic eight line spectrum
corresponding to transitions within the lowest m j; = 44 doublet, split
by a hyperfine interaction with the I = 7/2 Ho nucleus. Meanwhile, X-
band studies reveal the presence of a large tunneling gap (A ~ 9 GHz)
within the mj; = £4 doublet. Spin-echo measurements allow studies
of the coherent spin dynamics, including Rabi oscillations. Remark-
ably long T% times are found, even for the most concentrated samples.
It is postulated that this is due to the large gap, A, which provides
an optimal operating point for coherent manipulations at X-band such
that the quantum dynamics are relatively insensitive to dipolar fields.

15 min. break

Invited Talk TT 3.3 Mon 10:45 HSZ 02
On-surface magnetochemistry of spin-bearing metalorganic
molecules — oPETER M. OPPENEER!, KARTICK TARAFDER!, EHE-
SAN ALI', NIRMALYA BALLAVZ, CHRISTIAN WACKERLIN®, and THOMAS
A. Jung® — 1Uppsala University, Uppsala, Sweden — 2IISER, Pune,
India — 3PSI, Villigen, Switzerland

Planar spin-bearing metalorganic molecules such as metal-porphyrins
and -phthalocyanines are paramagnetic in the gas phase, however

Location: HSZ 02

an interface exchange coupling develops when these molecules are
assembled on magnetic surfaces, which induces spontaneous molec-
ular magnetic order at room temperature. To unveil fundamen-
tal origins of the exchange interaction leading to the metalorganic
molecule/substrate spin-interface we use ab-initio DFT+U calculations
with dispersion corrections added. Our calculations provide detailed,
orbitally-resolved insight in the molecule-surface exchange interactions
as well as the spin-switching induced by additional ligation in the free
ligand position of the metal ion by small molecules such as NO and
NH3. We find that on-surface coordination chemistry of planar met-
alorganic complexes gives rise to novel magnetochemical effects, which
challenge the notions of classical coordination chemistry. A key to
these magnetochemical effects is the weak bonding to the surface, i.e.
a “surface” trans effect. Our calculations further reveal that certain
systems, as e.g. Cu-phthalocyanine on Co, are liable to formation of
novel spin-polarized interface states that are expected to be particu-
larly suited for spin-polarized electron injection in metalorganic layers.

Invited Talk TT 3.4 Mon 11:15 HSZ 02
Interfacing single-molecule magnets with metals — e ANDREA
CORNIA', VALERIA LANzILOTTO?, LuiGl MALAvOLTI2, MATTEO
MANNINI2, MAURO PERFETTI?, LucA RiGAMONTI', and ROBERTA
Sessoni? — 'Dip. di Scienze Chimiche e Geologiche, Univ. di Mod-
ena e Reggio Emilia & INSTM, Modena, Italy — ?Dip. di Chimica U.
Schiff, Univ. di Firenze & INSTM, Sesto Fiorentino (FI), Italy

Encoding and manipulating information through the spin degrees of
freedom of individual molecules are central challenges in molecular
scale electronics. With their large magnetic moment and long spin
relaxation time, single molecule magnets (SMMs) are of special im-
portance in this field. The electrical addressing of individual SMMs
is now well within reach using scanning probe methods, which require
organizing molecules on electrically conductive surfaces [1,2]. Herein
we present the latest achievements in the deposition of SMMs on metal
substrates, like ultraflat surfaces [3] and nanoparticles [4]. Special em-
phasis is placed on the design of molecular structures that withstand
processing by solution [3,4] or vapour-phase [5,6] methods as well as on
chemical strategies for controlling molecular orientation. Rewardingly,
these efforts have shown that the distinctive property of SMMs, i.e.
slow spin relaxation, can persist in metal-wired molecules [3,4].

[1] S. Loth, et al. Science 2012, 335, 196. [2] A. A. Khajetoorians,
et al. Science 2013, 339, 55. [3] M. Mannini, et al. Nature 2010, 468,
417. [4] M. Perfetti, et al. Small 2013, DOI: 10.1002/smll.201301617.
[5] L. Rigamonti, et al. Inorg. Chem. 2013, 52, 5897. [6] L. Malavolti,
et al. Chem. Commun. 2013, 49, 11506.

Invited Talk TT 3.5 Mon 11:45 HSZ 02
Linking magnetic molecules to themselves, to others and to
surfaces — eRICHARD WINPENNY — University of Manchester, United
Kingdom

We are learning how to link together polymetallic compounds to give
complex structures [1]. During this presentation recent work will be
discussed in two distinct approaches. Firstly, we will describe recent
work creating new hybrid inorganic-organic rotaxanes [2] and in the
second approach we will discuss functionalising polymetallic rings so
that they can act as ligands for other metal complexes and surfaces
[3,4]. We will also describe the use of pulsed EPR spectroscopy to
measure weak interactions between these molecular magnets.

1.G. A. Timco, T. B. Faust, F. Tuna and R. E. P. Winpenny, Chem.
Soc. Rev., 2011, 40, 3067-3075. 2.C.- F. Lee, D. A. Leigh, R. G.
Pritchard, D. Schultz, S. J. Teat, G. A. Timco and R. E. P. Winpenny,
Nature, 2009, 458, 314-318. 3.G. A. Timco, S. Carretta, F. Troiani,
F. Tuna, R. G. Pritchard, E. J. L. McInnes, A. Ghirri, A. Candini,
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P. Santini, G. Amoretti, M. Affronte and R. E. P. Winpenny, Nature
Nanotechnology, 2009, 4, 173-178. 4 G. F. S. Whitehead, F. Moro, G.
A. Timco, W. Wernsdorfer, S. J. Teat and R. E. P. Winpenny, Angew.

Chem. Int. Ed., 2013, 52, 9932-9935.

TT 4: Low-Dimensional Systems: 1D - Theory

Time: Monday 9:30-13:00

TT 4.1 Mon 9:30 HSZ 201
Diffusive and ballistic dynamics in local quenches in 1D
spin-1/2 systems at finite temperatures — eFABIAN HEIDRICH-
MEISNER!, CHRISTOPH KARRASCH?, and JOEL MOORE? — lLudwig-
Maximilians-University Munich — 2University of California, Berkeley

We study the spreading of local perturbations in the spin and en-
ergy density of spin-1/2 systems at finite temperatures [1], using the
time-dependent density matrix renormalization group technique. In
the integrable XXZ chain, we observe a ballistic dynamics of energy at
all temperatures and for all exchange anisotropies. The spin dynam-
ics, by contrast, is diffusive in the Ising phase at high temperatures.
We extract the diffusion constant from these local quenches at infinite
temperatures and show that the values are in quantitative agreement
with the Einstein relation for sufficiently small local perturbations. We
also study spin ladder systems, for which we observe examples of diffu-
sive spin and energy dynamics at finite temperatures. The connection
of our results to recent experiments with cold gases [2] and quantum
magnets [3] is discussed.

[1] C. Karrasch, J. Moore, F. Heidrich-Meisner, in preparation.

[2] J.P. Ronzheimer et al., Phys. Rev. Lett. 110, 205301 (2013)

[3] M. Montagnese et al., Phys. Rev. Lett. 110, 147206 (2013)

TT 4.2 Mon 9:45 HSZ 201
Optimized tDMRG schemes for 7' > 0 response functions and
application for quantum-critical bosons — eTHOMAS BARTHEL!,
ULRICH SCHOLLWOCK?2, and SUBIR SACHDEV® — 1Université Paris-Sud
and CNRS — 2LMU Miinchen — 3Harvard University

I will present improved schemes for the precise and efficient evaluation
of finite-temperature response functions of strongly correlated systems
in the framework of the time-dependent density matrix renormalization
group (tDMRG) [1,2]. The growth and scaling of entanglement in such
simulations can be explained on the basis of quasi-locality. With the
novel optimized schemes, the maximum times that can be reached are
typically increased by at least a factor of two, when compared against
the earlier approaches. These increased reachable times make many
more physical applications accessible. I will show two applications: (a)
the universal scaling form of the spectral function of 1D bosons in the
quantum critical regime with dynamic critical exponent z = 2 [2], and
(b) spin structure factors of the spin-1/2 XXZ chain in comparison to
inelastic neutron scattering data for KCuF3 [3].

[1] T. Barthel, NJP 15, 073010 (2013)

[2] T. Barthel, U. Schollwock, and S. Sachdev, arXiv:1212.3570

[3] B. Lake et al., PRL 111, 137205 (2013)

TT 4.3 Mon 10:00 HSZ 201
Finite temperature dynamics of Heisenberg spin chains
with S > 1/2 — eTHOMAS KOHLER!, SALVATORE R. MANMANAL,
CHRISTOPH KARRASCH2, THOMAS PRUSCHKE!, and ANDREAS
HoNECKER! — llnstitut fiir Theoretische Physik, Georg-August-
Universitit Gottingen, 37077 Gottingen, Germany — 2Department of
Physics, University of California, Berkeley, CA 95720, United States

We present results for spectral functions of one-dimensional Heisenberg
systems at finite temperatures obtained via a density-matrix renor-
malization group (DMRG) matrix product state implementation with
real-time evolution. We show results for systems with S = 1/2 at zero
and finite magnetic fields, as well as for systems with Dzyaloshinskii-
Moriya anisotropy. At zero field, we discuss results for S = 1 and
S = 2 and focus on the features realized in the dynamical structure
factor at infinite temperature.

TT 4.4 Mon 10:15 HSZ 201
Matrix product state formulation of frequency-space dynam-
ics at finite temperatures — e ALEXANDER C. TIEGEL, SALVATORE
R. MANMANA, THOMAS PRUSCHKE, and ANDREAS HONECKER — In-
stitut fiir Theoretische Physik, Georg-August-Universitat Gottingen,
Germany

Location: HSZ 201

We use the density-matrix renormalization group (DMRG) to compute
dynamical correlation functions of one-dimensional strongly correlated
quantum systems at finite temperatures. The approach allows for the
frequency-resolved evaluation of experimentally relevant quantities like
line shapes in neutron or light scattering experiments. As a proof
of principle, we study finite-temperature spectral functions of spin-
1/2 XXZ Heisenberg chains with Dzyaloshinskii-Moriya interactions
in magnetic fields. Based on our results, we provide an outlook for
further improvements and developments of finite-temperature DMRG
approaches to dynamical response functions.

TT 4.5 Mon 10:30 HSZ 201
Effective gauge field description for the bilinear-biquadratic
spin-one chain — eSuwie Hu!, Art M. TURNER?, KARLO PENC34,
and FRANK POLLMANN! — 1Max-Planck-Institut fuer Physik kom-
plexer Systeme, 01187 Dresden, Germany — 2University of Amster-
dam, 1090 GL Amsterdam, The Netherlands — 3Institute for Solid
State Physics and Optics, Wigner Research Centre for Physics, Hun-
garian Academy of Sciences, H-1525 Budapest, P.O.B. 49, Hungary
— 4Department of Physics, Budapest University of Technology and
Economics, 1111 Budapest, Hungary

We study the one-dimensional bilinear-biquadratic spin-one model.
For this model, the possible existence of a nematic phase between
a dimerized and a ferromagnetic phase has been debated. We present
strong evidence for the absence of such an intermediate phase by com-
paring prediction of an effective gauge theory with the results of large
scale density-matrix renormalization group (DMRG) simulations. In
particular we compare the scaling of the correlations length and the
dimerization strength obtained from the gauge theory with the DMRG
results. It is found that quantum fluctuations melt the nematic order
and stabilize a gapped, dimerized phase which persists all the way
to the edge of the ferromagnetic phase. We furthermore discuss the
multiplet structure found in the entanglement spectrum of the ground
state wave functions.

TT 4.6 Mon 10:45 HSZ 201
The Cirac-Sierra construction and long range SU(N) spin
models — ROBERTO BONDESAN and eTHOMAS QUELLA — University
of Cologne, Cologne, Germany

The Haldane-Shastry model for SU(2) is a paradigmatic example of a
long range spin chain. The model is remarkable in that it allows for the
analytic determination of the complete energy spectrum and explicit
expressions for the associated wave functions. Besides being relevant
in the context of fractional quantum Hall physics, it also provides a
discretization of the critical SU(2) Wess-Zumino-Witten (WZW) con-
formal field theory.

Recently, Cirac and Sierra found a conceptually new and intrigu-
ing perspective on long range spin chains by reverting the previous
idea. Now long range spin models arise as parent Hamiltonians of a
given WZW correlator. This construction provides a generalization of
the Haldane-Shastry model in the sense that the symmetry group, the
representations and the positions of the spins may be freely chosen. It
even permits the construction of 2D models with a specific groundstate
wave function.

In this talk, we apply this construction to different types of SU(N)
spin models and discuss the physical implications.

15 min. break.

TT 4.7 Mon 11:15 HSZ 201
The gl(1|1) Lie superalgebra as a basis for the Nielsen-Cirac-
Sierra construction — THOMAS QUELLA, ROBERTO BONDESAN, and
¢JOCHEN PESCHUTTER — University of Cologne, Cologne, Germany
By explicitly constructing quantum spin Hamiltonians and their
groundstates for the SU(2)_k Wess-Zumino-Witten model, Nielsen,
Cirac and Sierra have proposed a general blueprint for the construction
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of quantum spin Hamiltonians with more general symmetries. The cru-
cial ingredients in this pursuit are the so-called null vectors contained
in the corresponding Verma module.

In this talk, we will present the status of our progress in specifically
applying these ideas to the Lie superalgebra gl(1]1).

TT 4.8 Mon 11:30 HSZ 201
Self-assembling tensor networks and holography in disor-
dered spin chains — eANDREW M. GOLDSBOROUGH and RUDOLF
A. ROMER — University of Warwick, Coventry, UK

We show that the numerical strong disorder renormalization group al-
gorithm (SDRG) of Hikihara et al. for the disordered Heisenberg model
[1] naturally describes a tree tensor network (TTN) with an irregular
structure defined by the strength of the couplings. Using develop-
ments from TTNs [2] and the multi-scale entanglement renormaliza-
tion ansatz (MERA) [3] we can efficiently calculate expectation values
and entanglement entropy directly from the tensor network wavefunc-
tion. We also analyse the effect of the disordered geometry of the TTN
on the two-point correlation functions and entanglement entropy. We
show that disorder averaged correlation scales with the average path
length through the tensor network, as suggested by Evenbly and Vidal
[4] in the context of regular tensor network geometries and that entan-
glement entropy increases with both disorder and length, resulting in
an area-law violation consistent with the results of [5].

[1] T. Hikihara, A. Furusaki, M. Sigrist, Phys. Rev. B 60, 12116
(1999)
[2] L. Tagliacozzo, G. Evenbly, G. Vidal, Phys. Rev. B 80, 235127
(2009)

[3] G. Evenbly and G. Vidal, Phys. Rev. B 79, 144108 (2009)
[4] G. Evenbly and G. Vidal, J. Stat. Phys. 145, 891 (2011)
[5] G. Refael and J. E. Moore, Phys. Rev. B 76, 024419 (2007)

TT 4.9 Mon 11:45 HSZ 201
Dynamical response functions in the 1D Hubbard model —
oIMKE SCHNEIDER!, RODRIGO G. PEREIRAZ, and FABIAN H. ESSLER!
— 1The Rudolf Peierls Centre for Theoretical Physics, Oxford Uni-
versity, Oxford OX1 3NP, United Kingdom — 2Instituto de Fisica
de Sao Carlos, Universidade de Sao Paulo, C.P. 369, Sao Carlos, SP,
13560-970, Brazil

Dynamical response functions are of particular interest in view of ex-
perimental applications such as momentum resolved tunneling in quan-
tum wires. However, in recent works it was demonstrated that neglect-
ing curvature in the generic dispersion in 1D - resulting in Luttinger
liquid theory - leads to incorrect results for singularities in dynamical
responses. Using a mapping to a Luttinger liquid with an additional
high frequency mobile impurity and taking the leading irrelevant op-
erators into account nonperturbatively it is possible to determine the
exact threshold singularities.

We present a constructive derivation of such a mobile impurity model
for the 1D Hubbard model. Crucially, the Luther-Emery point for both
charge and spin fermions constitutes the good starting point for a weak
coupling expansion. As an application we discuss the zero temperature
optical conductivity of the 1D Hubbard model in the gapless phase.

TT 4.10 Mon 12:00 HSZ 201
Entanglement entropies for interacting many-fermion sys-
tems — ePETER BROCKER and SIMON TREBST — Institute for Theo-
retical Physics, University of Cologne, Germany

The precise determination of the entanglement of an interacting quan-
tum many-body systems is now appreciated as an indispensable tool
to identify the fundamental character of the ground state of such sys-
tems. This is particularly true for unconventional ground states har-

boring non-local topological order or so-called quantum spin liquids
that evade a standard description in terms of correlation functions.

With the entanglement entropy emerging as one of the central mea-
sures of entanglement, recent progress has focused on a precise charac-
terization of its scaling behavior, in particular in the determination of
(subleading) corrections to the prevalent boundary-law. While much
progress has been made for spin and bosonic quantum many-body sys-
tems, fermion systems have proved to be more difficult.

For a large class of interacting fermionic systems, the numerical
method of choice for unbiased, large-scale simulations is Determinan-
tal Quantum Monte Carlo (DQMC) for which a generalization of the
replica techniques developed to calculate entanglement entropies for
spin and bosonic systems has remained an open question. Here we
show one possibility how to construct the corresponding algorithm in
DQMC and demonstrate its strength by studying the thermal crossover
of the entanglement entropy in one-dimensional Hubbard systems. We
also compare our results to another recent approach based on free
fermion Green’s functions.

TT 4.11 Mon 12:15 HSZ 201
Spin and charge dynamics of Hubbard chains with Rashba
spin-orbit coupling — eFLORIAN GOTH and FAKHER F. ASSAAD

— Institut fiir theoretische Physik und Astrophysik, Universitit
Wiirzburg, 97074 Wiirzburg, Germany

Interacting one-dimensional electrons have attracted considerable in-
terest since the strong confinement marks the breakdown of the usual
nearly free electron picture that is valid in higher dimensions. The ex-
perimental realization of these systems is often realized by considering
adatoms on surfaces. Thereby, inversion symmetry is broken and a
minimal model to capture the correlation physics is a Hubbard chain
supplemented by a Rashba type spin-orbit interaction. We study this
system using Quantum Monte Carlo methods as a function of dop-
ing and spin-orbit coupling strength. We present results on spin and
charge dynamics as well as the single particle spectral functions.

TT 4.12 Mon 12:30 HSZ 201
Low-energy properties of fractional helical Luttinger lig-
uids — eToBiAs MENG!, LArs FriTz2, DIRK SCHURICHT®, and
DANIEL Loss! — !Department of Physics, University of Basel, Klin-
gelbergstrasse 82, CH-4056 Basel, Switzerland — 2Institut fiir Theo-
retische Physik, Universitat zu Koln, Ziilpicher Straflie 77, 50937 Kéln,
Germany — 3Institut fiir Theorie der Statistischen Physik, RWTH
Aachen University and JARA - Fundamentals of Future Information
Technology, 52056 Aachen, Germany

We discuss how fractional helical Luttinger liquids, a one-dimensional
state related to the fractional quantum Hall effect, can emerge as a con-
sequence of an intricate mixing of charge and spin degrees of freedom
in a quantum wire. We discuss their unusual low energy physics with
an emphasis on their fractional conductance, the optical conductivity
and density of states.

TT 4.13 Mon 12:45 HSZ 201
Quantum particles in periodically driven harmonic trap —
oE0OIN QUINN and MASUDUL HAQUE — Max-Planck-Institut fiir Physik
komplexer Systeme, Dresden, Germany

We describe the effect of periodically modulating the strength of a
confining trap on a one-dimensional trapped quantum system. We
consider the driven dynamics of strongly interacting bosons (Tonks
Giradeau gas) and free fermions. Having a discrete spectrum, the sys-
tem exhibits a set of resonances. Our description combines an exact
solution with a Floquet analysis.
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TT 5: Transport: Quantum Coherence and Quantum Information Systems - Experiment

Time: Monday 9:30-10:45

TT 5.1 Mon 9:30 HSZ 204
Coplanar microwave resonators for superconductor/cold
atom hybrid devices — eDANIEL BOTHNER, MARTIN KNUFINKE,
BENEDIKT FERDINAND, DOMINIK WIEDMAIER, VASILY FEDOROV,
HELGE HATTERMANN, PATRIZIA WEISS, LORINC SARKANY, JOZSEF
FORTAGH, DIETER KOELLE, and REINHOLD KLEINER — Physikalisches
Institut and Center for Collective Quantum Phenomena in LISAT,
Universitat Tibingen, Germany

The realization of a hybrid quantum system consisting of a supercon-
ducting on-chip microwave resonator and an ultracold paramagnetic
atomic ensemble poses severe challenges regarding the design and op-
timization of the superconducting chip. The resonators have to be
integrated with atom trapping wires nearby, they are not allowed to
add strong perturbations to the magnetic trapping fields and extra
resonator losses due to Abrikosov vortices must be avoided or mini-
mized. Moreover, the resonators should be magnetic field insensitively
tunable and optical access to the chip surface has to be granted. In the
presentation, we will elucidate these experimental boundary conditions
and present strategies to comply with them on the way towards strong
coupling between ultracold atomic ensembles and on-chip microwave
resonators.

TT 5.2 Mon 9:45 HSZ 204
Tunable coupling between two superconducting microwave
resonators — eFRIEDRICH WULSCHNER!, JAN Gorrz!, BorJa
PEROPADRE®, ALEXANDER BAuST!, ELISABETH HOFFMANNY2, DAVID
ZUEco*, FRaNk DepPE!2, EDWIN P. MENZEL!, AcHIM MARX!, JUAN
JosE GARcia-RIpOLL3, and RUDOLF GROssY2 — 1Walther-Meifiner-
Institut, Bayerische Akademie der Wissenschaften, Garching, Germany
— 2Physik-Department, TU Miinchen, Garching, Germany — SIFF-
CSIC, Madrid, Spain — 4CSIC-Universidad de Zaragoza and Funda-
cion ARAID, Spain

In the field of superconducting quantum circuits, experiments with
a small number of qubits and/or resonators have been successfully
performed to realize proof-of-principle quantum information architec-
tures. For scaling up such systems, it is desirable to achieve control-
lable couplings between individual circuit elements. In our experiment,
we demonstrate a tunable coupling between two transmission line res-
onators via an RF-SQUID. The RF-SQUID can be considered as a
tunable mutual inductance which can change both sign and magni-
tude. We show spectroscopic data of the tunable coupler and explain
the magnetic flux dependence of the coupling with a theoretical model.
We acknowledge support from the DFG via SFB 631, the German
excellence initiative via NIM, and the EU via PROMISCE.

TT 5.3 Mon 10:00 HSZ 204
Squeezing with a flux-driven Josephson parametric am-
plifier — eL. Zuong!, E. P. Menzer', R. D1 Canpia3, P.
Eper!2, M. Inmic%, A. Baust!, M. HAEBERLEIND2 K. INOMATA®,
T. Yamamoro®® Y. NakamMura®7, E. SoLano®, F. Drppel:2,
A. MaArx!, and R. Gross!'2 — 1Walther-MeiBner-Institut, Bay-
erische Akademie der Wissenschaften, Garching, Germany — 2Physik-
Department, TU Miinchen, Garching, Germany — 3University of the
Basque Country UPV/EHU and IKERBASQUE Foundation, Bilbao,
Spain — 4TU Miinchen, Germany — SRIKEN Center for Emergent
Matter Science, Japan — SNEC Smart Energy Research Laboratories,
Japan — 7"The University of Tokyo, Japan

Josephson parametric amplifiers (JPA) are promising devices for
continuous-variable quantum communication. In phase-sensitive
mode, JPAs can beat the standard quantum limit for the added noise
of phase-insensitive amplifiers. This property is a prerequisite for the

Location: HSZ 204

generation of squeezed states. Here, we reconstruct the Wigner func-
tion of squeezed vacuum and thermal states with the dual-path method
[1,2]. In addition, we illuminate the physics of propagating squeezed
coherent microwave fields.

This work is supported by DFG via SFB 631, German Excellence
Initiative via NIM, EU projects SOLID, CCQED, PROMISCE and
SCALEQIT, MEXT Kakenhi “Quantum Cybernetics”, JSPS FIRST
Program, the NICT Commissioned Research, Basque Government
1T472-10, Spanish MINECO FIS2012-36673-C03-02, and UPV/EHU
UFI 11/55.

[1] L. Zhong et al., arXiv:1307.7285 (2013)
[2] E. P. Menzel et al., PRL 109 (2012) 250502

TT 5.4 Mon 10:15 HSZ 204
Interfacing rare earth spin ensembles with superconduct-
ing circuits — eSEBASTIAN PROBST!, ANDREJ TKALCEC!, DANIEL
RIEGER!, HANNES ROTZINGER!, STEFAN WUNscH2, PHiLiPP JuNGl,
MICHAEL SIEGEL?, ALEXEY V. UsTiNOV!, and PAvEL BUSHEV3 —
1Physikalisches Institut, KIT, 76128 Karlsruhe — 2Institut fiir Mikro-
und Nanoelektronische Systeme, KIT, 76189 Karlsruhe — 3Institut fiir
Experimentalphysik, Universitidt des Saarlandes, 66123 Saarbriicken

Interfacing photonic and solid-state qubits within a hybrid quantum
architecture offers a promising route towards large scale distributed
quantum computing. Ensembles of optically active rare earth spins
embedded in a crystalline matrix are promising candidates for realiz-
ing such an interface. We report on single photon on-chip ESR spec-
troscopy of Er spin ensembles strongly coupled to superconducting
and non superconducting microwave resonators [1,2]. The maximum
coupling strength was measured to be 45 MHz at 200 ppm, and the
minimum linewidth was 4 MHz at 50 ppm Er concentration, respec-
tively. The strong anisotropy of Er:YSO prevents us from reaching the
strong coupling regime at low field transitions. However, with crystals
of higher symmetry such as YAP, strong coupling can be reached at
relatively small magnetic fields of 30 mT at 5 GHz. In addition, we
measured T2 of the spins at millikelvins of about 40 pus. The exper-
iments demonstrate the potential of rare earth ion doped crystals for
their application in quantum information processing and communica-
tion. [1] Phys. Rev. B 84, 06051 (R) (2011), [2] Phys. Rev. Lett. 110,
157001 (2013)

TT 5.5 Mon 10:30 HSZ 204
Nuclear Spin Polarization in Bulk ZnSe:F — eFABIAN
HEISTERKAMP!, EUGENY A. ZHUKOV!, VLADIMIR L. KORENEVZ, ALEX
GREILICH!, ALEXANDER PAawLIs®, DMITRI R. YAKOVLEVY2, and MAN-
FRED BAYER! — l1Experimentelle Physik 2, Technische Universitit
Dortmund, 44221 Dortmund, Germany — 2Ioffe Physical-Technical
Institute, Russian Academy of Sciences, 194021 St. Petersburg, Rus-
sia — 3Department Physik, Universitit Paderborn, 33098 Paderborn,
Germany

Fluorine donor in ZnSe has been considered as a promising candidate
for a quantum bit [1]. It is therefore crucial to study the influence of
the environment on the spin coherence. In particular, we perform a
study of interaction between electron and nuclei spins. Using the time-
resolved optical pump-probe spectroscopy in the regime of resonant
spin amplification we are able to resolve nuclear magnetic resonances
(NMR) of 77Zn and %7Se isotopes with non-zero spin. The effective
nuclei fields show a dispersive form of its strength around NMR as a
function of magnetic field. Dependences of that signal are measured
as a function of external parameters, like: pump power, polarization
modulation frequency and temperature. Theoretical considerations
support our findings.
[1] Sanaka et al., Phys. Rev. Lett. 103, 053601 (2009).
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TT 6: Transport: Quantum Coherence and Quantum Information Systems - Theory |

Time: Monday 11:00-13:00

TT 6.1 Mon 11:00 HSZ 204
Efficient Qubit Readout Using Josephson Photomultipliers —
oLUKE C. G. Govial, EmiLy J. PriTcHETT!2, CANRAN XU3, MAXIM
G. VaviLov3, BRITTON L. T. PLOURDE?, ROBERT MCDERMOTT?, and
FraNk K. WiLHELM! — !Universitit des Saarlandes, Saarbriicken,
Germany. — 2HRL Laboratories, Malibu, California, USA. —
3University of Wisconsin-Madison, Wisconsin, USA. — *Syracuse Uni-
versity, New York, USA.

A Josephson Photomultplier (JPM) - a current-biased Josephson junc-
tion operated near its critical bias - can absorb and detect weak mi-
crowave signals with high sensitivity (PRL 107, 217401 (2011)). When
strongly coupled to a high-Q transmission line “cavity”, the JPM can
detect single microwave photons with large bandwidth and with near
unit efficiency (PRB 86, 174506 (2012)). The switching of a JPM
into its voltage state acts on the adjacent cavity via the back action
of photon subtraction (PRA 86, 032311 (2012)). While a destructive
measurement of the microwave cavity, this switching can perform a bi-
nary non-demolition measurement of a quantum system coupled to the
cavity. We present a protocol by which the presence and subsequent
detection of a cavity photon by a JPM conveys information about
the state of a superconducting qubit without destroying it, thus per-
forming a quantum non-demolition measurement of the qubit’s state.
Multi-qubit generalizations of this protocol are discussed.

TT 6.2 Mon 11:15 HSZ 204
Controlling qubits with tight frequency separation — DANIEL
EGGER!, VISA VESTERINEN?, RON SCHUTJENS!:2, FADI ABU DAGGA!L,
OLLI-PENTTI SAIRAZ, ALESSANDRO BRUNOZ, LEO DICARLOZ, and
oFRANK WILHELM! — ITheoretical Physics, Saarland University,
Saarbriicken, Germany — 2Quantum Transport, Kavli Institute for
Nanoscience, TU Delft, The Netherlands

As quantum computer architectures are scaled up, addressing multi-
ple qubits by their individual frequencies becomes increasingly diffi-
cult. This is in particular true for superconducting transmon qubits
which in themselves are anharmonic oscillators. We present a strategy
to combat closeness of wanted and unwanted transitions in multiple
qubits that allows to significantly reduce this problem. This Weak
AnHarmonicity With Average Hamiltonian (WAHWAH) ]1] technique
can handle cases that go beyond the familiar DRAG method [2].This
technique is based on sideband modulation. We show experimentally
that this technique allows two-transmon settings with significant fre-
quency overlap to reach fidelities, as measured by interleaved random-
ized benchmarking, limited by decoherence alone.

[1] R. Schutjens et al., Phys. Rev. A 88, 052330 (2013)

[2] F. Motzoi et al., Phys. Rev. Lett. 103, 110501 (2009)

TT 6.3 Mon 11:30 HSZ 204

Parity switching and decoherence by quasiparticles in single-
junction transmons — e¢GIANLUIGI CATELANI — Forschungszentrum
Jilich, PGI-2, Jiilich, Germany
Transmons are at present among the most coherent superconducting
qubits, reaching quality factors of order 10% both in 3D and 2D ar-
chitectures. These high quality factors enable detailed investigations
of decoherence mechanisms. An intrinsic decoherence process origi-
nates from the coupling between the qubit degree of freedom and the
quasiparticles that tunnel across Josephson junctions. In a transmon,
tunneling of a single quasiparticle is associated with a change in parity.
I will discuss the theory of the parity switching rate in single-junction
transmons, compare it with recent measurements, and consider the
role of parity switching in limiting the coherence time.

Partial support by the EU under REA grant agreement CIG-618258
is acknowledged.

TT 6.4 Mon 11:45 HSZ 204
Hybrid quantum magnetism in the strong and ultrastrong
coupling regime — e ANDREAS KURCZ, ALEJANDRO BERMUDEZ, and
JUAN JOSE GARCIA-RIPOLL — Instituto de Fisica Fundamental (IFF-
CSIC), Calle Serrano 113bis, Madrid E-28006, Spain

We study a quantum setup that consist of superconducting qubit medi-
ated resonators, where quantum magnetism arises non-perturbatively
and can be understood both analytically and numerically (A. Kurcz
et. al., arXiv:1310.8173). The setup exhibits a set of interspersed

Location: HSZ 204

spin-boson lattice models [1,2] and reveals a phase transition of the
Ising type [3], where both qubits and cavities spontaneously polarise
and where the cavity-qubit detuning acts as the equivalent of a mag-
netic field. We develop a many-body correlated mean field theory that
accurately predicts the nature of the ground state and that captures
this phenomenon all the way, from a perturbative dispersive regime
where photons can be traced out, to the non-perturbative ultrastrong
coupling regime where photons must be treated on the same foot-
ing as qubits. Our ansatz also reproduces the low-energy excitations,
which are described by hybridised spin-photon quasiparticles, and can
be probed spectroscopically from transmission experiments in circuit-
QED, as shown by Matrix-Product-State methods. Our model offers
an ideal playground in order to simulate the existing many-body ma-
chinery from spin-photon waves to many body-spectroscopy.

(1] D. Porras et. al., Phys. Rev. Lett. 108, 235701 (2012)

[2] M. Schiro et. al., Phys. Rev. Lett. 109, 053601 (2012)

(3] P. Pfeuty, Ann. Phys. 57, 79 (1970).

TT 6.5 Mon 12:00 HSZ 204
Optimizing quantum measurements in circuit QED —
eDANIEL EGGER and FRANK WILHELM — Universitit des Saarlandes,
Saarbriicken, Deutschland

Manipulating quantum systems requires knowing the shape of the con-
trol pulses to achieve a desired state or specified time evolution. Op-
timal control is the framework in which the pulses are designed. Typ-
ically such pulses are optimal with respect to time and can be found
through a gradient search [1]. In superconducting qubits these meth-
ods have been applied to gate design , usually in an idealised unitary
process [2,3]. In this work we instead focus on optimizing the time
evolution of systems where non-unitary processes are the source for
the desired time evolution. As example we consider a measurement
process in circuit QED where a “click” of the detector corresponds to
a tunneling event and find control pulses that optimize a contrast. We
first analyze the standard phase qubit readout, we then evaluate its
generalization to the JBA.

[1] N. Khaneja et al., J. Magn. Reson. 172, 296

[2] R. Schutjens et al., Phys. Rev. A 88, 052330

[3] D. J. Egger & F. K. Wilhelm, Supercond. Sci. Technol. 27, 014001

TT 6.6 Mon 12:15 HSZ 204
Metamaterials for circuit QED: Quantum simulations and
other applications — eBRUNO G. TAKETANI and FRANK K. WIiL-
HELM — Saarland University, Saarbriicken, Germany

The ability to design periodically structured materials not present in
nature provides scientists with new tools, ranging from sub-wavelength
imaging to well controlled band structures for wave propagation in
photonic crystals. Superconducting metamaterials have been recently
proposed to manipulate the density-of-modes of transmission lines [1].
We further build on these ideas and develop a toolbox for environment
manipulation based on nano-structured, periodic, lossless, supercon-
ducting circuits. In particular we show that high density of low energy
states can be achieved using a superlattice arrangement of left-handed
circuit elements. Multimode, ultra-strong coupling of superconducing
qubits to such engineered environments thus allow for experimental
implementation of quantum simulation of interesting new phenomena
as well as for complex quantum state engineering.

(1] D. J. Egger and F. K. Wilhelm, Phys. Rev. Lett. 111, 163601
(2013)

TT 6.7 Mon 12:30 HSZ 204
Resonant versus dispersive gates in circuit quantum electro-
dynamics — ePER LIEBERMANN and FRANK WILHELM — Universitéat
des Saarlandes, Saarbriicken, Germany

Implementation of accurate two-qubit gates in the presence of decoher-
ence is one of the main tasks of building a quantum computer. In this
work we describe two superconducting qubits coupled via a resonator
and perform a controlled-Z operation on them. Being able to con-
trol the qubits’ transition frequencies, we compare the resonant and
dispersive gate implementation of CZ [1,2], where in the latter case
qubit-qubit interaction is mediated by virtual photons. We make use
of the Lindblad master equation to study different regimes of resonator
relaxation and qubit decoherence and their impact on gate fidelity. Fi-
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nally, we discuss the tradeoff between the higher speed of the resonant
gate versus the protection from the Purcell effect in the dispersive gate,
which we show to usually be in favor of resonant gates.

[1] A. Blais et al., Phys. Rev. A 75, 032329 (2007)

[2] D.J. Egger and F.K. Wilhelm, Supercond. Sci. Technol. 27 (2014)

TT 6.8 Mon 12:45 HSZ 204
From Coulomb-Blockade to Nonlinear Quantum Dynamics in
a Superconducting Circuit with a Resonator — VERA GRAMICH,
eBJORN KUBALA, SELINA ROHRER, and JOACHIM ANKERHOLD — Insti-
tut fiir Theoretische Physik, Universitdt Ulm, Albert-Einstein-Allee
11, 89069 Ulm, Germany

Motivated by recent experiments [1] on superconducting circuits con-

sisting of a dc-voltage-biased Josephson junction in series with a res-
onator, quantum properties of these devices far from equilibrium are
studied [2]. This includes a crossover from a domain of incoherent to a
domain of coherent Cooper pair tunneling, where the circuit realizes a
driven nonlinear oscillator. Equivalently, weak photon-charge coupling
turns into strong correlations captured by a single degree of freedom.
Radiated photons offer a new tool to monitor charge flow and current
noise gives access to nonlinear dynamics, which allows us to analyze
quantum-classical boundaries. Higher order resonances are discussed
as well and provide new avenues for future experiments.

[1] M. Hofheinz, F. Portier, Q. Baudouin, P. Joyez, D. Vion, P. Bertet,
P. Roche, and D. Esteve, Phys. Rev. Lett. 106, 217005 (2011).

[2] V. Gramich, B. Kubala, S. Rohrer, and J. Ankerhold, accepted for
publication in Phys. Rev. Lett., arXiv:1307.2495.

TT 7: Superconductivity: Cryodetectors

Time: Monday 9:30-13:00

TT 7.1 Mon 9:30 HSZ 03
First demonstration of a TES with High-Frequency Read-
out at 0.65 THz — eARrTEM KuzmIN', MICHAEL MERKER!,
SERGEY SHITOVZ:3, NIKOLAY ABRAMOVZ, MATHIAS ARNDT!, STEFAN
WuEeNscH!, KONSTANTIN ILIN', ALEXEY UsTINOVZ#, and MICHAEL
SIEGEL! — !Institut fiir Mikro- und Nanoelektronische Systeme, Karl-
sruher Institut fiir Technology — 2National University of Science and
Technology MISIS — 3Kotel’nikov Institute of Radio Engineering and
Electronics RAS — “Institute of Physics and DFG-Center for Func-
tional Nanostructures (CFN), Karlsruhe Institute of Technology

We suggested an antenna-coupled TES bolometer embedded in a high-
Q GHz resonator as a load to isolate the sensitive element from excess
noise and disturbances. The resonator is weakly coupled to the readout
transmission line. This approach allows for biasing the TES with RF
power at their individual resonance frequencies and readout incident
THz signal as modulation of this RF biasing signal with ”conversion
gain” j 1, thus it is possible to use a single broadband low-noise HEMT
amplifier for a relatively large number of TES bolometers in array. This
approach could be used down to 300 mK without a SQUID amplifier
[1-2]. To proof the concept of the new device we fabricated sub-micron
sized prototypes of single-pixel RF-TES from Nb for operation tem-
perature of 5.0 K. Results of DC and RF characterization of the TES
devices along with measurement of the optical sensitivity at 0.65 THz
and NEP will be presented and discussed.

[1] Technical Physics Letters 37 (2011) 932

[2] IEEE Trans. Terahertz Sci. and Tech.3 (2013) 25

TT 7.2 Mon 9:45 HSZ 03
Detecting single infrared photons with a Transition Edge Sen-
sor for ALPS-II — eFRIEDERIKE JANUSCHEK!, NOEMIE BASTIDONZ,
JAN DREYLING-EScHWEILER!2, DIETER HORNS?, and AXEL LINDNER!
— Deutsches Elektronen-Synchrotron, Hamburg — 2Institut fiir Ex-
perimentalphysik, Universitat Hamburg

For the ALPS-II experiment at DESY, which will be looking for ultra-
light fundamental bosons, a detector with the ability to measure rates
below 1073 s~ of single NIR photons with a wavelength of 1064 nm
is necessary. Therefore, the ALPS-II detection system is required to
have even lower dark count and background rates, while keeping a
reasonable efficiency for photons with an energy of about 1.165 eV.
For this purpose, a detector system with a superconducting Transi-
tion Edge Sensor chip from NIST, being read out by SQUIDs, was set
up inside an Adiabatic Demagnetisation Refrigerator and operated at
80 mK. In this talk, results of the characterisation of this system will
be presented. The focus will be on the achievable and achieved back-
ground rates of intrinsic background and background from black body
radiation.

TT 7.3 Mon 10:00 HSZ 03
Design and commissioning of a X-ray spectroscopy detector
setup at storage rings — ePASCAL ScHOLZ and SASKIA KRAFT-
BERMUTH — Justus-Liebig-Universitat, Gielen, Germany

X-ray spectroscopy of highly-charged heavy ions in the X-ray regime,
commonly performed at storage ring facilities, provides a sensitive test
of quantum electrodynamics. Silicon microcalorimeters have already
demonstrated their potential for such experiments. To improve per-

Location: HSZ 03

formance, a cryogen-free cryostat has been commissioned, which is
equipped with a side arm with the detector mounted on a cold fin-
ger centered in the front of this side arm. For inherent correction of
Doppler shifts, a new detector array with improved design and pixels
for high as well as low x-ray energies will be equipped. This upgrade
will improve the lateral sensitivity and detector resolution in the fur-
ther analysis. The design serves also as a benchmark for a larger array
with approximately 100 pixels. The design and performance results
will be presented with this talk.

TT 7.4 Mon 10:15 HSZ 03
High-precision X-ray spectroscopy of highly-charged ions
with silicon microcalorimeters — oSASKIA KRAFT-BERMUTH!,
VICTOR ANDRIANOVZ3 ALEXANDER BLEILE?, ARTUR EcHLERD2 PE-
TER EGELHOF2, PATRICK GRABITZ2, CAROLINE KILBOURNE?, OLEG
KisseLEvZ, DAN McCAMMON®, and PascaL Scuorz! — !Institut
f. Atomphysik, Justus-Liebig-Universitat, Gieflen, Germany —
2Helmholtzzentrum f. Schwerionenforschung, Darmstadt, Germany
— 3Institute of Nuclear Physics, Lomonosov Moscow State Univer-
sity, Moscow, Russia — *NASA/Goddard SFC, Greenbelt, USA —
5Dept, Physics, University of Wisconsin, Madison, USA

High-precision X-ray spectroscopy of highly-charged ions provides a
sensitive test of quantum electrodynamics in very strong Coulomb
fields. Silicon microcalorimeters with absorbers of lead and tin have
been applied in two experiments for the determination of the 1s Lamb
shift in hydrogen-like lead and gold at the Experimental Storage Ring
(ESR) at GSI. The experimental results agree well with theoretical
predictions. The obtained uncertainty is comparable to conventional
detection techniques. Further improvement may be obtained, in addi-
tion to an improved detector setup, by using decelerated beams at the
socalled CRYRING and HITRAP facilities currently under construc-
tion at GSI. This talk will present the results of the ESR experiments
and discuss perspectives for experiments at CRYRING and HITRAP
as well as for experiments at the future FAIR facility, with a focus on
detector development and technical challenges.

TT 7.5 Mon 10:30 HSZ 03
Application of Calorimetric Low Temperature Detectors
(CLTD’s) for Precise Stopping Power Measurements of
Heavy Ions in Matter — e ARTUR ECHLER"23 PETER EGELHOF?:3,
PATRICK GRABITZ23, HEIKKI KETTUNEN?, SASKIA KRAFT-BERMUTH?,
MiIkkKO LAITINEN?, KATRIN MULLER!, MIKKO Rossi*, WLADYSLAW
TrzASKA?, and ARI VIRTANEN? — 1Justus-Liebig-Universitit, Gieen
— 2GSI Helmholtzzentrum fiir Schwerionenforschung, Darmstadt —
3Johannes Gutenberg Universitat, Mainz — 4University of Jyviskyli

Precise data on stopping powers (i.e. specific energy loss dE/dx) of
heavy ions in matter are needed in many fields of basic and applied
science, and for our understanding of the interaction of energetic ions
with matter. As the available datasets are still scarce, in particular
for heavy projectiles at energies below the Bragg-peak, and discrep-
ancies between measured and theoretical values are often significant,
CLTD’s have been recently applied in combination with a time-of-
flight detector to perform transition-type energy loss measurements at
the accelerator facility of the University of Jyvéskyld. As compared to
conventional ionization detectors, CLTD’s provide substantially better
energy resolution and linearity (with the absence of any pulse height
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defect) for heavy ion detection, which leads to a higher sensitivity
and accuracy for dE/dx measurements using the E-TOF method, and
allows to extend the accessible energy range towards lower energies.
The new experimental technique was used to determine precise stop-
ping power data for 0.05 - 1 MeV/u 131 Xe ions in Carbon, Nickel and
Gold.

TT 7.6 Mon 10:45 HSZ 03
Solid state physics and engineering to push resolving power
of magnetic calorimeters beyond 10000 — eDANIEL HENGSTLER,
ANNA FERRING, L1SA GAMER, JESHUA GEIST, MATHAUS KRANTZ, AN-
DREAS PABINGER, CHRISTIAN PiES, CHRISTIAN SCHOTZ, SEBASTIAN
KEMPF, LOREDANA GASTALDO, ANDREAS FLEISCHMANN, and CHRIS-
TIAN ENss — Kirchhoff-Institut fiir Physik, Universitat Heidelberg,
INF 227, 69120 Heidelberg

Metallic magnetic calorimeters are energy dispersive particle detectors,
operated at temperatures below 50 mK that make use of a paramag-
netic temperature sensor to convert the energy deposited by an ab-
sorbed particle into a magnetic flux change in a SQUID, which can be
read-out as a voltage signal with low noise and large bandwidth. Dur-
ing the last decade we’ve been optimizing the signal size of MMCs by
numerical optimizations and the consequent use of micro-fabrication
techniques, while lowering the readout noise close to quantum limit.
The combination of both rewarded us recently with an instrumental
linewidth of 1.6 eV (FWHM) for 6 keV x-rays, which on the one hand is
a world record, on the other hand is much less than expected from the
signal-to-noise-ratio in those measurements. Such discrepancies can
easily arise from instabilities of the total gain, or — more interestingly
— from a-thermal phonon loss or position dependencies.

In this talk we summerize the physics of MMCs, highlighting the
presently done homework in solid state physics and engineering to
reach resolving powers beyond 10000, and show recent results of MMCs
in various applications.

TT 7.7 Mon 11:00 HSZ 03
Current sensing SQUIDs for the readout of low impedance
cryogenic particle detectors — eS. KEMPF, A. FERRING, M. WEG-
NER, A. FLEISCHMANN, L. GASTALDO, and C. ENss — Kirchhoff-
Institute for Physics, Heidelberg University.

Superconducting quantum interference devices (SQUIDs) are presently
the most sensitive wideband devices for measuring various physical
quantities that can be converted in magnetic flux. They are com-
monly used in measurement systems in which a very sensitive sensor
or an ultra low noise wideband amplifier is required. A prominent
example for the use of SQUIDs is the readout of low impedance cryo-
genic particle detectors (LTDs). Here, the SQUIDs are used as very
fast current sensors that are compatible with the very low operation
temperature of LTDs. Driven by the need for devices that are matched
to state-of-the-art LTDs, we have recently started the development of
low-T¢ current sensing SQUIDs. In particular, we are developing cryo-
genic frequency-domain multiplexers that are based on non-hysteretic
rf-SQUIDs as well as single channel de-SQUIDs.

After a presentation of our multiplexer and dc-SQUID designs as
well as our fabrication process that is based on selective Niobium etch-
ing, we will discuss the measured performance of both types of devices.
We will show that the devices are operational and that their perfor-
mance can be numerically predicted with confidence, thus allowing for
a design optimization with respect to the readout requirements of low
impedance LTDs. Finally, we outline future developments that are
forseen to improve the noise performance of our devices.

15 min. break.

Topical Talk TT 7.8 Mon 11:30 HSZ 03
Probing Decoherence in Atomic-Sized Defects Using a Su-
perconducting Qubit — eJURGEN LISENFELD, GEORG WEISS, and
ALEXEY V. UsTINOV — Physikalisches Institut, Karlsruhe Institute for
Technology (KIT), Karlsruhe, Germany

Advances in nanotechnology lay the ground for a thriving variety of
novel devices suitable to explore new realms of quantum phenomena
on the mesoscopic scale. Superconducting quantum bits, as an exam-
ple, have reached very long coherence times by designs that weaken
their undesired coupling to environmental degrees of freedom. One
particular problem are parasitic Two-level systems (TLS), reported to
cause noise in single-photon detectors, SETs, SQUIDs, and microwave-
as well as nano-mechanical resonators, although their physical origin

remains in dispute.

A particular strong coupling between superconducting qubits and
TLS occurs when they reside in the tunnel barrier of Josephson junc-
tions, and this renders qubits ideal tools for the study of single material
defects in the coherent regime. Here, we use a phase qubit to directly
manipulate and readout the TLS quantum state. We tune TLS prop-
erties by the applied mechanical strain and perform high-resolution
defect spectroscopy to obtain their distribution and to reveal mutual
TLS coupling. By analyzing their coherent dynamics, we utilize sin-
gle microscopic defects as quantum spectrum analyzers that provide a
view into their environment. These new techniques grant multifaceted
insights into the TLS nature, which is a prerequisite for avoiding their
detrimental effects in nanoscale devices.

TT 7.9 Mon 12:00 HSZ 03
Dc SQUIDs for the detection of Bose-Einstein-Condensates
— eMarTHIAS RUDOLPH!, MICHAEL MERKER?, JOHANNES MAXIMIL-
IAN MECKBACH?, MARTIN KNUFINKE!, PETRA VERGIEN!, FLORIAN
JessEN', SiMON BELL!, PaATrizIA WEIss!, HELGE HATTERMANN!,
KONSTANTIN ILIN?, MICHAEL SIEGELZ, JOzSEF FORTAGH!, REINHOLD
KLEINER!, and DIETER KOELLE! — !Physikalisches Institut and Cen-
ter for Collective Quantum Phenomena in LISAT, Universitit Tiibin-
gen, Auf der Morgenstelle 14,D-72076 Tiibingen, Germany — 2Institut
fir Mikro- und Nanoelektronische Systeme, Karlsruhe Institute of
Technology, Hertzstr. 16, D-76187 Karlsruhe, Germany

One example of an exciting quantum hybrid system is created by cou-
pling a SQUID with an ensemble of ultra cold atoms. Here we suggest
using a gradiometric dc SQUID to non-destructively detect the cen-
ter of mass motion of Bose-Einstein Condensates (BECs) which are
confined in a magnetic trap. The Gradiometer, fabricated using a self-
aligning Nb/AlO;/Nb process, has been characterized with respect to
its transport and noise properties at a temperature of T' = 4.2 K, re-
vealing an equivalent density of flux noise S;/Q ~ 350 n<I>0/Hzl/2 in
a magnetically unshielded environment. Numerical simulations based
on the London equations suggest that with these noise properties we
can expect to detect a rubidium BEC with 10° atoms at a distance of
10 pm from the SQUID with a signal-to-noise ratio SNR ~ 10.

TT 7.10 Mon 12:15 HSZ 03
Magnetic Johnson noise thermometry for K temperatures
— DANIEL ROTHFUSS, @ ANDREAS REISER, ANDREAS FLEISCHMANN, and
CHRISTIAN ENSs — Kirchhoff-Institut fiir Physik, Universitdt Heidel-
berg, Im Neuenheimer Feld 227, 69120 Heidelberg

Noise thermometry instrinsically is a non-driven method. When min-
imal heat input is required this method is highly advantageous. Our
noise thermometer is a magnetic Johnson noise thermometer. The
noise source is a cold-worked high purity copper cylinder with a diam-
eter of 5 mm and a length of 20 mm. The magnetic flux fluctuations
caused by the brownian motion of the electrons are measured induc-
tively by two dc-SQUID magnetometers simultaneously. The signals
from these two channels are cross-correlated. This leads to a reduc-
tion of parasitic noise by more than one order of magnitude. Applying
this technique together with the highly sensitive SQUID preampli-
fiers allows the measurement of the tiny noise powers at microkelvin
temperatures. Experimentally we characterized the thermometer for
temperatures between 43 uK and 0.8 K. The measuring time is ap-
proximately 400 seconds for one temperature, the extremely low heat
input to the thermometer allows a continuous measurements without
heating effects.

TT 7.11 Mon 12:30 HSZ 03
Manipulation of a two-photon pump in superconductor —
semiconductor heterostructures — ePETER P. OrrH!, PAUL
BAIREUTHER?, ILYA VEKHTERS3, and JORG SCHMALIAN! — lInstitute
for Theory of Condensed Matter, Karlsruhe Institute of Technology
(KIT), , 76131 Karlsruhe, Germany — 2Instituut-Lorentz, Univer-
siteit Leiden, P.O. Box 9506, 2300 RA Leiden, The Netherlands —
3Department of Physics and Astronomy, Louisiana State University,
Baton Rouge, Louisiana, 70803, USA

We investigate the photon statistics, entanglement and squeezing of
a pn-junction sandwiched between two superconducting leads, and
show that such an electrically-driven photon pump generates corre-
lated and entangled pairs of photons. In particular, we demonstrate
that the squeezing of the fluctuations in the quadrature amplitudes of
the emitted light can be manipulated by changing the relative phase of
the order parameters of the superconductors. This reveals how macro-
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scopic coherence of the superconducting state can be used to tailor the
properties of a two-photon state.

TT 7.12 Mon 12:45 HSZ 03
Luminescence and photon coherence in superconducting pn-
heterostructures — ePATRIK HLOBIL, PETER ORTH, and JORG
SCHMALIAN — Karlsruhe Institute of Technology, Germany

Semiconducting pn-heterostructures coupled to superconducting leads
appear to be promising candidates as a source of entangled and
squeezed light. Due to an applied bias voltage V, we have to use
a non-equilibrium field theory approach to study the electron-photon
system. Particular emphasis is placed on the consequence of the super-
conducting coherence for the photon statistics, the luminescence and
possible feedback on the electronic system.

TT 8: Correlated Electrons: Spin Systems and Itinerant Magnets - Frustrated Magnets |

Time: Monday 9:30-13:00

TT 81 Mon 9:30 HSZ 304
Critical speeding-up near the monopole liquid-gas transition
in magnetoelectric spin-ice — eCuristorn P. GrRAMS!, MAR-
TIN VALLDOR!2, MARKUS GARST?, and JoACHIM HEMBERGER! —
HI. Physikalisches Institut, Universitit zu Koln, Cologne, Germany
— 2Max Planck Institute for Chemical Physics of Solids, Dresden,
Germany — 3Institut fiir Theoretische Physik, Universitiat zu Koln,
Cologne, Germany

Competing interactions in the so-called spin-ice compounds stabilize
a frustrated ground-state with finite zero-point entropy and, interest-
ingly, emergent magnetic monopole excitations[1]. The properties of
these monopoles are at the focus of recent research with particular
emphasis on their quantum dynamics. It is predicted[2] that each
monopole also possesses an electric dipole moment, which allows to
investigate their dynamics via the dielectric function e(v).

In this talk I report on broadband spectroscopic measurements of
e(v) in Dy2TisO7 down to temperatures of 200mK with a specific
focus on the critical endpoint present for a magnetic field along the
crystallographic [111] direction[3].

Funded through the Institutional Strategy of the University of
Cologne within the German Excellence Initiative and research grant
HE-3219/2-1.

[1] C. Castelnovo et al., Nature 451 (2008) 42
[2] D. I. Khomskii, Nature Comm. 3 (2012) 1
[3] C. P. Grams et al., arXiv:1307.8287

TT 8.2 Mon 9:45 HSZ 304
Vibrating coil magnetometry in DysTisO7 at milli-
Kelvin temperatures — oCHRISTOPHER DUVINAGE!, DHARMA-
LINGAM PRABHAKARANZ, CHRISTIAN PFLEIDERER!, and ANDREW
T. BooTHrROYD? — !Physik-Department, Technische Universitéit
Miinchen, D-85748 Garching, Germany — 2Department of Physics,
University of Oxford, Clarendon Laboratory, Parks Road, Oxford, OX1
3PU, United Kingdom

Spin ice attracts great interest as a state in which emergent fraction-
alized excitations and magnetic-field induced topological forms of or-
der may occur. An important characteristic of the spin ice systems
Dy2Ti2O7 and Ho2Ti2O7, as well as the spin liquid system Tb2TizO7,
is the observation of spin freezing below a few hundred mK [1,2].
We report vibrating coil magnetometry down to mK temperatures
of Dy2TizO7, addressing the evidence for field-induced phase tran-
sitions. Of particular interest is the observation of putative magneti-
sation avalanches in the spin-frozen state which depend sensitively in
number and size on the sweep rate of the applied magnetic field. These
avalanches have been interpreted in terms of monopole excitations [3].
[1] Krey et al., PRL 108 (2012) 257204

[2] Legl et al., PRL 109 (2012) 047201

[3] Slobinsky et al., PRL 105 (2010) 267205

TT 83 Mon 10:00 HSZ 304
Hysteresis and Relaxation Effects in the Spin-Ice Compound
Dy2Ti2O7 studied by Heat Transport — eSIMON SCHARFFE,
GERHARD KOLLAND, MARTIN HIERTZ, MARTIN VALLDOR, and THOMAS
LoreNz — II. Physikalisches Institut, Universitat zu Koln, Germany

The magnetic Dy31 ions in the spin ice Dy2TiaO7 form a pyrochlore
lattice consisting of corner-sharing tetrahedra. Due to strong crystal
field effects an Ising anisotropy arises which aligns the spins along its
local easy axis, pointing into or out of a tetrahedra. Possible ground-
states at temperatures below 1 K are given by the ”ice rule”: two spins
point into and two out of a tetrahedron. Excited states can be cre-
ated by flipping one spin and are discussed as magnetic monopoles[1].
We measured the low-temperature thermal conductivity x and found

Location: HSZ 304

experimental evidence for heat transport by magnetic monopoles[2,3].
In addition we observe pronounced hysteresis effects which depend on
temperature, the magnetic-field direction, the rate of magnetic-field
change, and on the direction of the heat current. Moreover the time-
dependent relaxation of the heat conductivity is investigated. These
data yield information about possible equilibrium states and reveal
that in the low-field and low-temperature region extremely slow relax-
ation processes occur[4].

This work was supported by DFG through SFB 608 and LO 818/2-
1.
[1] Castelnovo et al., Nature 451 (2008) 42
[2] Kolland et al., Phys. Rev. B, 86 (2012) 060402(R)
[3] Kolland et al., Phys. Rev. B, 88 (2013) 054406
[4] Scharffe et al., J. Phys. Soc. Jpn. Suppl
arXiv:1311.1139

(in press),

TT 8.4 Mon 10:15 HSZ 304
Wien Effect on a Lattice — eVoiTEcH KAISER!'2, STEVEN
BRAMWELL?, PETER HOLDSWORTH!, and RODERICH MOESSNER? —
1ENS Lyon — 2MPI PKS Dresden — 3London Centre for Nanotech-
nology, UCL

The Second Wien Effect is an increase of conductivity of Coulomb gas
in an external field, driven by enhanced dissociation of Coulombically
bound pairs. The importance of the Wien effect for spin ice was sug-
gested previously since spin ice maps to a Coulomb gas of magnetic
monopoles. We present simulations of lattice Coulomb gas and spin
ice. The results confirm Onsager’s theory of the Wien effect and reveal
additional corrections, while allowing access to microscopic dynamics
underlying the increase in the charge carrier density. Main extensions
of the original theory involve the Debye screening, field dependent mo-
bility and the character of the association constant. We discuss further
corrections specific to spin ice due its emergent topological charge and
Dirac string network.

TT 85 Mon 10:30 HSZ 304
Magnetic and dielectric Properties of the cubic pyrochlore
Nd>Hf;07 — eJ.-H. Cuun!, P. G. REUVEKAMP!, R. K. KREMER!,
C. T. Lin') R. Graum?, and A. BrRoNova? — 'Max Planck Institute
for Solid State Research, 70569 Stuttgart, Germany — 2Rheinische
Friedrich-Wilhelms-Universitat, Institut fiir Anorganische Chemie, D-
53121 Bonn, Germany

The magnetic properties of rare-earth (R) pyrochlores (PC) of
RoM20O7, where M is a 3d or 4d transition metal, have attracted
broad attention because geometrical frustration gives rise to un-
usual magnetic ground states and excitations like spin-ice or mag-
netic monopoles.|[1,2] In contrast the properties and especially the mag-
netism of the rare-earth PCs with 5d cations are considerably less well
investigated. Reasons are the close proximity of the cubic PCs to the
fluorite structure and that oxides of the PC family tend to exhibit dis-
order involving a statistical redistribution of the metal atom cations
accompanied by a redistribution of the oxygen vacancy sites. We have
prepared polycrystalline samples and single-crystal of NdoHf2O7 and
investigated their structural, magnetic, thermal, lattice and dielectric
properties. We report low-temperature magnetic ordering determined
by heat capacity and magnetic susceptibility measurements and in-
vestigations of the dielectric properties. Measurements of the thermal
expansion gave no indication of a structural phase transition down to
5 K.

(1] J. S. Gardner, M. J. P. Gingras, and J. E. Greedan, Rev. Mod.
Phys. 82 (2010) 53

(2] A. P. Ramirez, Annu. Rev. Mater. Sci. 24 (1994) 453

TT 8.6 Mon 10:45 HSZ 304
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Novel magnetism in the spin-orbit driven Mott insula-
tor BasYIrOg — eTUSHARKANTI DEY!, ANDREY MALJUK!, OLGA
KATAEVAL:2) FRANK STECKEL!, DANIEL GRUNER!, TOBIAS RITSCHEL!,
CHRISTIAN G. F. Brum!, Anja U. B. WoLTER!, JOCHEN GECK!,
CHRISTIAN HEss!3, SABINE WURMEHLY%, and BERND BUCHNER!:4
— Mnstitute for Solid State and Materials Research, IFW Dresden,
01171 Dresden, Germany — 2Kazan Federal University, Kremlevskaya
str. 18, 420008, Kazan, Russia — 3Center for Transport and De-
vices of Emergent Materials, TU Dresden, 01069 Dresden, Germany
— “Institute for Solid State Physics, Dresden Technical University,
TU-Dresden, 01062 Dresden, Germany

Single crystals of BagYIrOg were synthesized for the first time. The
material crystalizes in cubic double perovskite structure. Here the
only magnetic ion Ir is expected to be in 45 oxidation state with 5d*
electronic configuration. Instead of the expected weak Van Vleck-type
magnetism [1], we found Bas YIrOg is paramagnetic in the temperature
range 2-300K. Curie-Weiss fitting (30-300K) of susceptibility data gives
a Weiss constant Oy =-15K (AF) but no magnetic ordering is found
down to 1.8K. Our study suggests that Bas YIrOg is a spin-orbit driven
Mott insulator with highly frustrated magnetic interactions originating
from the face centered cubic (FCC) lattice formed by the Ir moments.
In this presentation, details of crystal growth along with structural,
magnetic, thermal and electrical transport measurement results will
be discussed.

[1] G. Khaliullin, Phys. Rev. Lett. 111 (2013) 197201

TT 8.7 Mon 11:00 HSZ 304
Spiral order in LixIrO3 — eSTEPHAN RACHEL!, JOHANNES
REUTHER2?, and RONNY THOMALE?® — lInstitut fiir Theoretische
Physik, TU Dresden — 2California Institute of Technology — 3Institut
fiir Theoretische Physik, Universitdt Wiirzburg

Iridates are amongst the most interesting complex oxide materials.
The non-interacting band structure of the honeycomb Iridates has been
claimed to feature the quantum spin Hall effect due to large spin orbit
coupling. The true materials exhibit considerable Coulomb interac-
tions leading to different types of magnetic order (e.g., zig-zag or spi-
ral order). Here we show how one can obtain such magnetic phases by
considering the strong-coupling limit of a topological Hubbard model.
In particular, we find an incommensurate phase with spiral order which
is consistent with the recent experimental findings for LizIrOs3.

15 min. break.

TT 8.8 Mon 11:30 HSZ 304
Theoretical investigation of isoelectronic Li doping in sodium
iridate (Naj_,Li;)2IrO3 — eMICHAELA ALTMEYER!, S. MANNIZ, S.
K. Cuor®, I. 1. MaziN*, R. CoLDEA®, HARALD O. JESCHKE!, ROSER
VALENTI!, and P. GEGENWART? — lInstitut fiir Theoretische Physik,
Goethe-Universitat Frankfurt, 60438 Frankfurt am Main, Germany —
21. Physikalisches Institut, Georg-August-Universitit Gottingen, D-
37077, Gottingen, Germany — 3Clarendon Laboratory, University of
Oxford, Parks Road, Oxford OX1 3PU, United Kingdom — “Code
6393, Naval Research Laboratory, Washington, DC 20375, USA

In the recent years honeycomb iridates have been intensively debated
as promising candidates for the realization of the Heisenberg-Kitaev-
model. Due to the different magnetic ground states of NagIrO3 and
LioIrO3 (zigzag for the former and possibly incommensurate for the
latter), it is interesting to investigate the series (Naj_4Liz)2IrO3. Syn-
thesis of the Li doped NagIrO3 was successful at least up to 20% Li,
but there are indications of phase separation at higher concentrations.
We investigated the (Naj_z;Liz)2IrOs series by full relaxation within
density functional theory (DFT). At each doping level, we investigated
all possible Na/Li distributions in a supercell containing four formula
units and found the substitution of Na by Li in the honeycomb plane
IraNa to be most stable for small dopings in the area 0 < z <= 0.25.
Total energies yield a tendency for phase separation above a doping
level of z = 0.25 in agreement with experiment.

TT 8.9 Mon 11:45 HSZ 304
Band structure and optical properties of NazIrsOg —
® ALEXANDER YARESKO — MPI FKF, Stuttgart, Germany

Naylr3Og attracted much attention due to its fascinating magnetic
properties. It is a weak Mott insulator in which magnetic Ir%t ions
form a frustrated non-centrosymmetric hyper-kagome lattice. Because
of geometrical frustrations Ir spins do not order down to lowest temper-
ature but instead remain in a 3D spin-liquid state. Recently, monocrys-

tals of another hyper-kagome Ir compound NagIr3Og have been syn-
thesized, In contrast to NaygIrzOg, NagIr3Osg is a semi-metal with a low
carrier density and weak paramagnetism of valence electrons. If spin-
orbit interaction (SOI) is neglected, LDA calculations for NagIr3Osg
give an insulating solution despite of noninteger Ir*33+ valence. SOI,
however, closes the band gap and NazIr3Og becomes a compensated
metal. In this presentation it is shown that the gap appears because
of formation of quasi-molecular orbitals on Ir triangles which become
partially delocalized due to SOI. The semi-metallic band structure to-
gether with the lack of inversion symmetry lead to unusual optical
properties which seem to suggest anomalously strong electron-phonon
coupling.

TT 8.10 Mon 12:00 HSZ 304
Magnetism in spin models for depleted honeycomb-lattice iri-
dates: Spin-glass order towards percolation — eMATTHIAS VO-
JTA and Eric C. ANDRADE — Technische Universitdat Dresden, 01062
Dresden, Germany

Iridates are characterized by a fascinating interplay of spin-orbit
and electron-electron interactions. The honeycomb-lattice materials
A2IrO3 (A=Na,Li) have been proposed to realize pseudospin-1/2 Mott
insulating states with strongly anisotropic exchange interactions, de-
scribed by the Heisenberg-Kitaev model, but other scenarios involving
longer-range exchange interactions or more delocalized electrons have
been put forward as well.

Here we study the influence of non-magnetic doping, i.e., depleted
moments, on the magnetic properties of experimentally relevant vari-
ants of the Heisenberg-Kitaev and Heisenberg Ji-J2-J3 models. We
generically find that the zigzag order of the clean system is replaced,
upon doping, by a spin-glass state with short-ranged zigzag correla-
tions. We determine the spin-glass temperature as function of the
doping level and argue that this quantity allows to experimentally dis-
tinguish the different proposed spin models when the doping is driven
across the site percolation threshold of the honeycomb lattice.

TT 811 Mon 12:15 HSZ 304
Analysis of the electronic and magnetic properties of honey-
comb and triangular lattice iridates — eYING Li', HARALD O.
JescHKE!, IGOR 1. MAzIN?, and ROSER VALENTI! — !Institut fiir The-
oretische Physik, Goethe-Universitat Frankfurt, 60438 Frankfurt am
Main, Germany — 2Code 6393, Naval Research Laboratory, Washing-
ton, DC 20375, USA

Honeycomb lattice iridates have been recently discussed as a possi-
ble realization of the Heisenberg-Kitaev model in which the electronic
structure is dominated by the spin-orbit (SO) interaction. This picture
is still under debate. We present calculations on the electronic struc-
ture and optical conductivity of NagIrOg within the density functional
theory (DFT) method. Our results show that the measured insulator
gap and optical conductivity can be reproduced by GGA+SO+U with
a magnetic zigzag configuration. Besides, we analyze the optical con-
ductivity on different directions and the contribution due to different
states. Further, we also discuss the electronic structure and underly-
ing microscopic model of a few triangular lattice iridates and compare
their properties with the behavior of the honeycomb iridates.

TT 8.12 Mon 12:30 HSZ 304
Spin-orbit physics of j=1/2 Mott insulators on the trian-

gular lattice — eMICcHAEL BECKER!, MARIA HERMANNS!, BELA
BAUER2, MARKUS GARsT!, and SiMON TREBST! — 1Cologne Uni-
versity, Cologne, Germany — 2Microsoft Research Station Q, Santa

Barbara, USA

We investigate the Heisenberg-Kitaev model on the triangular lattice
which is thought to capture the essential physics of the spin-orbital
entanglement in a broad class of effective 7 = 1/2 Mott insulators
such as certain Iridate compounds — one potential candidate material
being the recently synthesized BasIrTiaOg. While first results have
recently been reported for the classical limit of this model, our focus is
on its quantum version. Using a combination of numerical techniques,
such as exact diagonalization and the density matrix renormalization
group, which we complement with various analytical approaches, we
can identify its entire phase diagram. The most interesting features
of this phase diagram resemble what has already been found in the
classical limit — a Zg vortex lattice phase in the vicinity of the Heisen-
berg limit and a “nematic” phase around the antiferromagnetic Kitaev
point.

TT 8.13 Mon 12:45 HSZ 304
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Discriminating antiferromagnetic signatures in ultracold
fermions by tunable geometric frustration — CHIA-CHEN
CHANG!, RICHARD T. SCALETTAR!, eELENA V. GORELIK?, and NILS
BLUMER2 — !Department of Physics, University of California, Davis,
USA — 2Institute of Physics, Johannes Gutenberg University, Mainz,
Germany

Recently, it has become possible to tune optical lattices continuously
between square and triangular geometries. We compute thermody-
namics and spin correlations in the corresponding Hubbard model us-
ing determinant quantum Monte Carlo and show that the frustration

effects induced by the variable hopping terms can be clearly sepa-
rated from concomitant bandwidth changes by a proper rescaling of
the interaction. An enhancement of the double occupancy by geomet-
ric frustration signals the destruction of nontrivial antiferromagnetic
correlations at weak coupling and entropy s < In(2) (and restores
Pomeranchuk cooling at strong frustration), paving the way to the
long-sought experimental detection of antiferromagnetism in ultracold
fermions on optical lattices.

[1] C.-C. Chang, R. T. Scalettar, E. V. Gorelik, and N. Bliimer, Phys.
Rev. B 88 (2013) 195121.

TT 9: Transport: Quantum Dots, Quantum Wires, Point Contacts | (organized by TT)

Time: Monday 9:30-13:15

TT 9.1 Mon 9:30 BEY 81
Transport through nanostructures: Finite time vs. finite size
— ePETER SCHMITTECKERT!, SAM CARR?, and HUBERT SALEUR®* —
Hnstitute of Nanotechnology, Karlsruhe Institute of Technology, 76344
Eggenstein-Leopoldshafen, Germany — 2School of Physical Sciences,
University of Kent, Canterbury CT2 7NH, UK — 3Institut de Physique
Théorique, CEA, IPhT and CNRS, URA2306, 91191 Gif Sur Yvette,
France — 4Department of Physics, University of Southern California,
Los Angeles, CA 90089-0484

Numerical simulations and experiments on nanostructures out of equi-
librium usually exhibit strong finite size and finite measuring time ¢y,
effects. We discuss how these affect the determination of the full count-
ing statistics for a general quantum impurity problem [1]. We find that,
while there are many methods available to improve upon finite-size ef-
fects, any real-time simulation or experiment will still be subject to
finite time effects: in short size matters, but time is limiting. We
show that the leading correction to the cumulant generating function
(CGF) at zero temperature for single-channel quantum impurity prob-
lems goes as Inty, and is universally related to the steady state CGF
itself for non-interacting systems. We then give detailed numerical
evidence for the case of the self-dual interacting resonant level model
that this relation survives the addition of interactions. This allows the
extrapolation of finite measuring time in our numerics to the long-time
limit, to excellent agreement with Bethe-ansatz results.

[1] P. Schmitteckert, S. C. Carr, H. Saleur, arXiv:1307.7506

TT 9.2 Mon 9:45 BEY 81
Towards steady state currents on finite systems — oTiM
CorLET! and PETER SCHMITTECKERT? — !Theoretical Condensed
Matter physics, KIT — 2Institute for Nanotechnology, KIT

The determination of transport properties of strongly correlated quan-
tum systems by quenches in the charge imbalance is a well established
technique. However, the achievable time scales are limited by the sys-
tem size inducing a finite transit time. Here we present a technique
in the spirit of absorbing boundary conditions. This allows to obtain
steady states on a finite system and to overcome said limitation from
finite transit times. We discuss the application of this concept in the
context of transport through quantum impurities.

TT 9.3 Mon 10:00 BEY 81
Kwant - a software package for quantum transport —
oMICHAEL WIMMER!, CHRISTOPH GROTHZ, ANTON AKHMEROV!, and
XAVIER WAINTALZ — ITU Delft, The Netherlands — 2CEA Grenoble,
France

Computing transport properties numerically is a problem that appears
in many different areas of physics. I will present a wave-function based
approach to computing transport properties in non-interacting tight-
binding systems that scales more favourably than standard algorithms
such as the recursive Green’s function algorithm.

We have implemented this method in an open-source software pack-
age Kwant based on the python language. It allows for an easy defini-
tion of arbitrary tight-binding problems using intuitive concepts (”like
writing the problem on the blackboard”), and allows to compute trans-
port properties such as the conductance, but also local properties such
as electron densities. The software package itself together with exten-
sive documentation, tutorials and examples of research where Kwant
has already been used can be found at www.kwant-project.org.

[1] C. W. Groth, M. Wimmer, A. R. Akhmerov, X. Waintal.
arXiv:1309.2926 (2013)

Location: BEY 81

TT 9.4 Mon 10:15 BEY 81
Non perturbative approach to transport through Anderson
quantum dot: the influence of charge fluctuations — eDAVIDE
MANTELLI and MILENA GRIFONI — Institut fiir Theoretische Physik,
Universitat Regensburg, D-93040 Regensburg, Deutschland

Transport through a strongly interacting Anderson quantum dot is an-
alyzed for tunneling couplings I comparable or larger than the thermal
energy k7. In this regime the commonly used sequential tunneling
approximation, where tunneling rates are calculated to the lowest order
in I'; breaks down. By accounting for charge fluctuations accompany-
ing the transfer of one electron onto the dot, “dressed” tunneling rates
and the associated current across the dot can be calculated [1]. The dif-
ference between the standard lowest order theory and the “dressed” one
is carefully analyzed in the weak (I' < kgT), intermediate (I' ~ kgT)
and strong (I" > kpT') coupling regimes. At low temperatures features
typical of the Kondo resonance are recovered.

(1] J. Kern and M. Grifoni, Eur. Phys. J. B 86, (2013) 384

TT 9.5 Mon 10:30 BEY 81
Energy current cotunnelling features for the Anderson quan-
tum dot — eNikLAs M. GeRrGs', CuristorH B. M. HOrig!, DIRK
ScruricHT!, and MAARTEN R. WEGEWI1IS2:3:4 — lnstitute for Theo-
retical Physics, Utrecht University, Netherlands — 2Institute for The-
ory of Statistical Physics, RWTH Aachen University, Germany —
3JARA-Fundamentals of Future Information Technology — *Peter
Griinberg Institut, Forschungszentrum Jiilich, Germany

We discuss the particle and energy current through an Anderson quan-
tum dot with a strong Coulomb interaction U subject to both voltage
and temperature bias. A diagrammatic perturbation theory up to sec-
ond order in the tunnel rates I' is set up in Liouville space. We find
that pair tunnelling features show up in the particle and energy cur-
rent, while pure inelastic cotunnelling spinflip features are absent in
the energy current. The latter cotunnelling processes do appear how-
ever when assisted by sequential tunnelling (COSET). Therefore, the
energy current contains more distinctive features than the particle cur-
rent. Thus one can use the energy current for enhanced spectroscopy
of quantum dot systems.

TT 9.6 Mon 10:45 BEY 81
Non-equilibrium transport through a Josephson quantum dot
— oJAN FREDERIK RENTROP'2, SEVERIN JAKOBS!:2, and VOLKER
MEDENY2 — lInstitut fir Theorie der Statistischen Physik, RWTH
Aachen University, Germany — 2JARA Fundamentals of Future In-
formation Technology, 52056 Aachen, Germany

We investigate a quantum dot featuring Hubbard interaction coupled
to superconducting leads. Applying a bias voltage across the system
leads to a time-dependent periodic Hamiltonian. This implies that
the observable, namely the current through the system, aquires a pe-
riodic time-dependence (AC Josephson effect). The non-equilibrium
feature of so called Multiple Andreev Reflections (MAR), known from
the non-interacting case, is observed in the static component of the
current.

The self-energy on the dot is calculated with the functional renormal-
ization group method. The derived first and second order truncation
schemes allow for a ”quasi-static” (i.e. allowing for the periodic time-
dependence but not more) approximation of the self-energy. Model
and method allow for asymmetric choices of the super-conducting gaps,
the lead temperatures, the lead-dot couplings, tuning of the Hubbard
interaction, shifting of on-site energy and applying a magnetic field.
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Numerical results are presented for symmetric choices at zero magnetic
field and zero temperature, while lead-dot coupling, on-site energy and
Hubbard interaction are tuned. Also, first order self-consistent pertur-
bation theory results are presented as a benchmark.

We discuss limitations that the MAR. physics impose on any pertur-
bative scheme that expands in small orders of the interaction.

TT 9.7 Mon 11:00 BEY 81
Magneto-electric spectroscopy of Andreev bound states in
Josephson quantum dots — eNILs WENTZELL!, TOBIAS MENG?,
VOLKER MEDEN3, SABINE ANDERGASSEN!, and SERGE FLORENS* —
IUniversity of Vienna — 2University of Basel — SRWTH Aachen Uni-
versity — “CNRS Grenoble

We theoretically investigate the behavior of Andreev levels in a single-
orbital interacting quantum dot in contact to superconducting leads,
focusing on the effect of electrostatic gating and applied magnetic field,
as relevant for recent experimental spectroscopic studies. In order
to account reliably for spin-polarization effects in presence of strong
correlations, we further extend here two simple and complementary
approaches that are tailored to capture effective Andreev levels: the
static functional renormalization group and the self-consistent Andreev
bound states theory. We provide a systematic analysis of the Andreev
level spectroscopy for the full electric and magnetic tuning available in
quantum dot devices.

15 min. break.

TT 9.8 Mon 11:30 BEY 81
In gap and out of gap features in the cotunneling spec-
troscopy of a superconductor coupled quantum dot — eSASCHA
RATZ and MILENA GRIFONI — Institute for Theoretical Physics, Uni-
versity of Regensburg, D-93040 Regensburg, Germany

We present a nonequilibrium real-time diagrammatic theory for the
systematic investigation of low temperature quantum transport prop-
erties of a superconductor contacted quantum dot in an individual
single wall carbon nanotube. In the low temperature regime par-
ticle transport is dominated by cotunneling and Andreev reflection
processes. As recent experiments show, elastic/inelastic cotunneling
features are clearly visible inside the Coulomb blockade regime, sharp-
ened by the superconducting leads. The proximity induced higher
order Andreev reflection processes result in subgap features, however.
Temperature dependent measurements show in addition rich features
inside the superconducting gap which can be attribute to thermally
excited quasiparticles. More detailed experimental investigations and
theoretical calculations are in progress to understand the experimental
findings.

TT 9.9 Mon 11:45 BEY 81
Unconventional superconductivity in quantum dot systems
— BJORN SOTHMANN!, eSTEPHAN WEISS?, MICHELE GOVERNALES,
and JURGEN KONIG! — !Departement de Physique Theorique, Uni-
versite de Geneve, Switzerland — 2Theoretische Physik, Universitit
Duisburg-Essen and CENIDE, Germany — 3School of Chemical and
Physical Sciences, Victoria University of Wellington, New Zealand

Conventional superconductivity of electrons is well described in terms
of the BCS theory. Fermi statistics dictates the overall symmetry of
e.g. the order parameter. The single ingredients could take either
symmetric or antisymmetric properties, hence spin as well as spatial
degrees of freedom and time might independently change sign and un-
conventional pairing amplitudes emerge [1]. We show how quantum
dot setups may be used to create unconventional pairing between elec-
trons. Brought into proximity to a conventional SC, Cooper pairs
tunnel into the double (quadrupel)-quantum dot (DQD/QDD) system
[2,3]. Locally, manipulations of the electronic state is possible by tun-
ing electric and/or magnetic fields. An inhomogeneous magnetic field
between the dots breaks the SU(2) symmetry of the spin. This results
in nonzero unconventional order parameters. We study the emergence
and decay of even/odd singlet and triplet order parameters in different
geometries. For DQD and QDD setups spectroscopic properties and
signatures of unconventional correlations in the Andreev current are
studied.

[1] F. S. Bergeret, et al., Rev. Mod. Phys. 77, 1321 (2005).

[2] M. Governale, et al., Phys. Rev. B 77, 134513 (2008).

[3] J. Eldridge, et al., Phys. Rev. B 82, 184507 (2010).

TT 9.10 Mon 12:00 BEY 81

The interplay of the proximity and Kondo effects in spin-
resolved transport through quantum dots — eKRzyszToOr P.
Wéicik and IRENEUSZ WEYMANN — Faculty of Physics, Adam Mickie-
wicz University, Umultowska 85, 61-614 Poznan, Poland

Transport properties of hybrid quantum dots coupled to ferromagnetic
(FM) and superconducting (SC) leads are studied by means of the nu-
merical renormalization group method [1,2]. By constructing the full
density matrix of the system [3], the linear conductance and respec-
tive spectral functions are calculated. Aiming to emphasize the role
of Andreev processes in transport, we model the quantum dot coupled
to the superconductor by an effective Hamiltonian in the limit of large
superconducting gap [4]. First, a three-terminal setup is considered,
for which we study the proximity effect on the spin-dependent current
flowing between the two FM leads. Then, the transport properties in
a two-terminal setup, with one FM and one SC lead, are analyzed. In
this case we focus on the interplay of the exchange field induced by FM
lead, the Kondo effect and the Andreev processes. We show that the
conductance generally depends on the ratio of these three quantities,
leading to nontrivial transport behavior.

[1] K. G. Wilson, Rev. Mod. Phys. 47, 773 (1975).

[2] We use the open-access Budapest NRG code, O. Legeza, C. P.
Moca, A. I. Toth, I. Weymann, G. Zarand, arXiv:0809.3143 (2008).
(3] A. Weichselbaum, J. von Delft, Phys. Rev. Lett. 99, 076402
(2007).

[4] Y. Tanaka, N. Kawakami, A. Oguri, J. Phys. Soc. Jap. 76, 074701
(2007).

TT 9.11 Mon 12:15 BEY 81
The electroluminescence of the transmission line driven
by a biased quantum point contact — eJINSHUANG JIND:2:3
MICHAEL MARTHALER??, ANDREAS HEIMES?%, and GERD SCHONZ:4
— 1Karlsruhe Institute of Technology (KIT), Institute of Nanotech-
nology, Karlsruhe, Germany — 2Institut fiir Theoretische Festkorper-
physik, Karlsruhe Institute of Technology(KIT), Karlsruhe, Germany
— 3Department of Physics, Hangzhou Normal University, Hangzhou,
China — 4DFG-Center for Functional Nanostructures (CFN), Karl-
sruhe Institute of Technology, Karlsruhe, Germany

A transmission line resonator driven by a biased quantum point con-
tact is investigated. The quantum point contact (QPC) is not only an
efficient detector but also a light emission device. We find that the ex-
cited photon number in the resonator is monotonically increased with
the bias voltage for eV > hw, with V the applied bias voltage and hw,
the frequency of the resonator. The linewidth and the height of the
emission spectrum are sensitive to the parameters of the QPC, such as
the tunneling rate, the applied bias voltage, and the coupling strength
between the QPC and resonator. Moreover, we demonstrate that the
noise spectrum of the current through QPC has characteristic features
showing peak and dip, which is closely related to the excited photon
dynamics of the resonator.

TT 9.12 Mon 12:30 BEY 81
Accumulation of spin anisotropy in a nanoparticle in the
mesoscopic Stoner regime — ePHILIPP STEGMANN', BJORN
SOTHMANN?, and JURGEN KONIG! — !Theoretische Physik, Univer-
sitdt Duisburg-Essen and CENIDE, 47048 Duisburg, Germany —
2Départment de Physique Théorique, Université de Geneve, CH-1211
Geneéve 4, Switzerland

We theoretically discuss the accumulation of spin-quadrupole mo-
ment [1,2] in an isotropic system giving rise to a large spin anisotropy
although the spin-dipole moment remains strongly suppressed. Our
system is a nanoparticle weakly tunnel coupled to two ferromagnetic
leads. For such system, it has been demonstrated that the spin fluc-
tuations give rise to enhanced shot noise [3]. Here, large positive spin-
quadrupole moments are generated by abruptly switching off the bias
voltage for parallel leads‘ polarizations. Moreover, applying an oscil-
lating bias voltage results in large negative spin-quadrupole moments
for parallel or antiparallel polarizations.

(1] B. Sothmann, and J. Konig, Phys. Rev. B 82, 245319 (2010).

(2] M. M. E. Baumgirtel, M. Hell, S. Das, and M. R. Wegewijs, Phys.
Rev. Lett 107, 087202 (2011).

[3] B. Sothmann, J. Konig, and Y. Gefen, Phys. Rev. Lett. 108,
166603 (2012).

TT 9.13 Mon 12:45 BEY 81
Overhauser effect in spin blockaded double quantum dots-the
case of dual hysteresis — eBHASKARAN MURALIDHARAN and SID-
DHARTH BUDDHIRAJU — Electrical Engineering Department, Indian
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Institute of Technology Bombay, Mumbai, India

In the spin blockade transport regime through GaAs double quantum
dots (DQD), experiments [1] revealed that the hyperfine interaction
with host nuclei can have profound consequences on the electron-spin
dynamics. One of which, is the observation of bistablity and flat-
topped behavior in the current versus applied DC magnetic-field char-
acteristics. In this talk, we will first explain the essence of this flat-
topped hysteretic behavior using a simple six-state model that captures
the multiple-feedback mechanisms that are involved. We will then con-
sider a more detailed model that elucidates the role of the physical pa-
rameter space of the DQD set up and a feedback mechanism involving
the difference Overhauser field caused by the two separate nuclear spin
baths of the DQD set up.

[1] K. Ono and S. Tarucha, Phys Rev Lett., 92, 256803 (2004).

TT 9.14 Mon 13:00 BEY 81
Fixing the Energy Scale in Scanning Tunneling Microscopy
on Semiconductor Surfaces — GERHARD MUNNICH!, @ ANDREA
DONARINIZ, JascHA REPP!, and MARTIN WENDEROTH? — !Institute

of Experimental and Applied Physics, University of Regensburg, 93053
Regensburg, Germany — 2Institute of Theoretical Physics, University
of Regensburg, 93053 Regensburg, Germany — 3IV. Physikalisches In-
stitut der Georg-August-Universitat Gottingen, Friedrich-Hund-Platz
1, 37077 Gottingen, Germany

In scanning tunneling experiments on semiconductor surfaces, the en-
ergy scale within the tunneling junction is usually unknown due to
tip-induced band bending. Here, we experimentally recover the zero
point of the energy scale by combining scanning tunneling microscopy
with Kelvin probe force spectroscopy. With this technique, we re-
visit shallow acceptors buried in GaAs [1]. Enhanced acceptor-related
conductance is observed in negative, zero, and positive band-bending
regimes. An Anderson-Hubbard model is used to rationalize our find-
ings, capturing the crossover between the acceptor state being part of
an impurity band for zero band bending and the acceptor state being
split off and localized for strong negative or positive band bending,
respectively.

(1] G. Miinnich, A. Donarini, J. Repp, and M. Wenderoth, Phys. Rev.
Lett. 111, 216802 (2013)

TT 10: Magnetic Heuslers, Half-Metals and Oxides | (organized by MA)

Time: Monday 9:30-12:00

TT 10.1 Mon 9:30 BEY 118
Explaining magnetism in Manganese-based Heusler com-
pounds — eLUKAS WOLLMANN, GERHARD H. FECHER, and CLAUDIA
FELSER — Max Planck Insitute for Chemical Physics of Solids, Dres-
den, Germany

From the onset of research in the field of half-metallic ferromagnets,
Manganese containing Heusler compounds were the most promising,
and most intensely studied trailblazing materials. Accompanying the
field of half-metallicity, spintronics emerges as a natural consequence.
Focusing on the measurable quantities as Curie temperatures, spin-
polarized currents and Hall conductance the field has been, from the
beginning on, supported by theoretical methods.

In contrast to purely ferromagnetic Coz-based Heusler compounds,
Manganese containing Heusler alloys (Mn2YZ and X2MnZ) exhibit
different types of magnetic ordering. The peculiar role of the Man-
ganese atoms and their related magnetic contribution to the quantities
of interest shall be elucidated. The main focus lies on the local mag-
netic structures of the aforementioned material. Following this local
perspective, the influence of the magnetic moments on the atomic in-
terplay in form of the Heisenberg exchange interactions is monitored.
The computations have been carried out employing the FLAPW DFT
code Wien2k and the relativistic Munich SPR-KKR package for the
calculation of the exchange constants.

TT 10.2 Mon 9:45 BEY 118
Structural and magnetic properties of the Heusler system
Mn-Fe-Ga — eAJjayA KUMAR NAYAK, ADEL KALACHE, MICHAEL
NickLAs, and CLAUDIA FELSER — Max Planck Institute for Chemi-
cal Physics of Solids, 01187 Dresden, Germany

In recent time Mn based Heusler alloys received significant research in-
terest as they show several interesting fundamental as well as functional
properties. In particular, MnoY Z based materials are considered to
be promising candidates for spintronics and spin-torque transfer (STT)
applications due to a large spin polarization of the conduction electrons
and a large anisotropy in tetragonal phase. The tetragonal ferrimag-
netic (FI) compound Mn3Ga is the center of attraction due to its low
saturation magnetization, high Curie temperature (T¢), and high spin
polarization. To further tune the magnetic properties of the system
we substitute Mn by Fe to obtain MnaFeGa up to FeaMnGa. All sam-
ples crystallize in a pseudo-cubic structure when annealed at 1073 K.
MnzFeGa undergoes second order paramagnetic (PM) to antiferro-
magnetic (AFM) ordering around 350 K. In contrast, FeaMnGa shows
The sample shows a PM to ferromagnetic (FM) ordering around 800 K
followed by a first-order FM-AFM transition around 300 K. Here, we
present a complete study of the magnetic properties of the Mn-Fe-Ga
system with help of various magnetization measurements.

TT 10.3 Mon 10:00 BEY 118
Neutron diffraction study of Niy5Co5Mn3sSbi2 Heusler sys-
tem — eROSHNEE SAHOO!, AMITABH Das?, KG SURESH!, DANIEL

Location: BEY 118

EBkE3, and CLAUDIA FELSER3 — !'Department of Physics, Indian In-
stitute of Technology Bombay, Mumbai-400076, India — 2Solid State
Physics Division, Bhabha Atomic Research Centre, Mumbai- 400085,
India — 3Max Planck Institute of Chemical Physics of Solids, Dresden-
01187, Germany

Considerably large martensitic transition temperature has been ob-
served after substituting Co for Ni site in NigsCosMn3gSbia system.
This system exhibits austenite L.2; cubic structure with a=5.96 A at
high temperatures, while it has orthorhombic structure in the marten-
sitic phase. We have carried out a detailed neutron diffraction study in
order to establish the magnetic structure and the nature of magnetic
coupling in this system. In Nig5CosMn3zgSbi2 system, from tempera-
ture variation of neutron diffraction data has shown that with increase
in temperature the moments of 2a and 2f site decrease up to 250 K and
after that both decrease. At 300 K, the material is in the austenite
phase, which gives a moment of 1.1up at 4a site and 0.8up at 4b site.
The fact that the spontaneous magnetization of 2up is obtained from
magnetization measurement suggests that the Mn moment at 4a and
4b sites are coupled ferromagnetically in austenite phase. It is also
noticed that with increase in temperature the cell volume increases.
However, near the martensitic transition there is a decrease of 0.3%
of cell volume. Detailed structural and magnetic results, as obtained
from the neutron data, will be discussed in the full paper.

TT 10.4 Mon 10:15 BEY 118
Large non-collinearity and spin reorientation in the Mn2Y Sn
Heusler family — 0. MgisHcHERIAKOVAL:2, S. Cuapov!, A.
Navak!, J. KUBLEr3, J. Kiss!, G. AnpE* A. TSIRLIN', W.
ScuNeELLE!, M. NickLas!, and C. FELSERD2 — !Max-Planck-Institut
fiir Chemische Physik fester Stoffe, 01187 Dresden Germany —
2@Graduate School of Excellence ”Materials Science in Mainz”, 55128
Mainz, Germany — 3Institut fiir Festkérperphysik, Technische Uni-
versitat Darmstadt, 64289 Darmstadt, Germany — 4Laboratoire Léon
Brillouin, CEA-CNRS Saclay, Gif-sur-Yvette Cedex, France

Non-collinear magnets provide essential ingredients for next genera-
tion memory technology. Recent discoveries have demonstrated the
possibility to move certain non-collinear spin structures (skyrmions)
at significantly low current densities. To establish such magnetic
arrangement, the corresponding materials should possess a non-
centrosymmetric crystal structure together with high spin-orbit cou-
pling. Heusler compounds show diverse fundamental properties but in
the context of non-collinearity they were not considered so far. Here we
present a novel non-collinear tetragonal Mn2RhSn Heusler material ex-
hibiting unusually strong canting of its magnetic sublattices. It under-
goes a spin-reorientation transition, induced by a temperature change
and suppressed by the external magnetic field. In addition, because
of the non-centrosymmetric structure, Dzyaloshinskii-Moriya exchange
and magnetic anisotropy, Mn2RhSn is supposed to be a promising can-
didate for realizing the skyrmion state in the Heusler family.
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TT 10.5 Mon 10:30 BEY 118
Design of compensated ferrimagnets based on Mn-rich
Heusler compounds — eSTANISLAV CHADOV, OLGA MESHCHERI-
AKOVA, AJAYA NAYAK, and CLAUDIA FELSER — Max-Planck-Institut
fir Chemische Physik fester Stoffe Nothnitzer Strafie 40 01187 Dresden

Recent developments in the field of MRAM technologies such as ul-
trafast optical spin-switching has stimulated the search for materials
which provide efficient mechanisms of exchange relaxation. The best
candidate materials can be provided within the class of the compen-
sated ferrimagnets. Here we propose the design scheme of compensated
ferrimagnets based on tetragonal Mn-rich Heusler alloys. Together
with the properties typical for antiferromagnets (e.g. exchange bias)
we analyze the phenomena (e.g. anomalous Hall effect or MOKE)
which are absent in the systems with zero net magnetization.

TT 10.6 Mon 10:45 BEY 118
Atom Probe Tomography of Thin Film Magnetic Heusler
Alloy Interfaces — oTORBEN BoLL!, NIcLAS TEICHERT2, ANDREAS
HUTTEN?, and TALAAT AL-KassaB! — 1King Abdullah University of
Science and Technology (KAUST), Division of Physical Sciences and
Engineering, Thuwal 23955-6900, Saudi Arabia — 2Bielefeld Univer-
sity, Thin Film and Physics of Nanostructures, Universitédtsstr. 25,
33615 Bielefeld, Germany

NiMn-X ferromagnetic shape memory alloys have been gaining interest
for various applications. For microelectronic devices these alloys have
to be made available as thin films. The properties of these films are
dominated by the microstructure and especially the interfaces between
different layers.

For this study thin film samples of NiMnGa-NiMnSn grown on MgO
or Si substrates were prepared by magnetron sputtering. The sys-
tem was covered with an additional layer of Ag or Ni for protection.
Then needle shaped specimens, as required for atom probe tomogra-
phy, were cut out by means of focused ion beam preparation. The
NiMnGa-NiMnSn interface and the MgO-metal interface were charac-
terized with a Local Electrode Atom Probe (LEAP) 4000 HR and a
Laser Assisted Wide Angle Tomographic Atom Probe (LAWATAP).

TT 10.7 Mon 11:00 BEY 118
Growth and physical properties of off-stoichiometric
Co02Cr0.4Fe0.4A11.2 Heusler compound — eAHMAD OMAR,
MARCEL HAFT, JAN TRINCKAUF, CHRISTIAN G.F. BLUM, WOLFGANG
LOSER, SILKE HAMPEL, JOCHEN GECK, BERND BUCHNER, and SABINE
WURMEHL — Leibniz Institute for Solid State and Materials Research
IFW Dresden, Germany

Many Heusler compounds are predicted to be half-metallic ferromag-
nets and find extensive interest as materials for spintronic applications.
Co02Cr0.6Fe0.4Al has been predicted to be 100% spin polarized, but so
far, bulk samples as well as thin films do not verify those predictions
and various results are fraught with anomalies. Recently, it has been
shown that the underlying thermodynamic instability leads to phase
transformation via spinodal decomposition in the material. The evolv-
ing secondary phase strongly affects the physical properties including
spin polarization. One possible way to avoid the spinodal decomposi-
tion is to move in the phase diagram and thus avoid the immiscibility
gap. We have grown off-stoichiometric Co2Cr0.4Fe0.4Al1.2 composi-
tion using optical Floating Zone (FZ) technique, which is known to be
the technique of choice for incongruent melting systems such as ma-
terials in the Co-Cr- Fe-Al system. We do not observe any spinodal
decomposition in our sample. The physical property measurements
also match nicely with the theory, which has so far not been possible
for Co2Crl-xFexAl series. We have also performed X-ray Magnetic
Circular Dichroism (XMCD) measurements on the sample which are
promising compared to the band structure calculations.

TT 10.8 Mon 11:15 BEY 118
Growth of perovskite manganites via MAD Atomic Layer
Epitaxy (ALE) — eMARKUS JUNGBAUER, SEBASTIAN HUHN, FE-
LIX MASSEL, and VASILY MOSHNYAGA — I. Physikalisches Institut,
Georg-August-Universitat, Friedrich-Hund-Platz 1, 37077 Gottingen,
Germany

Interfacial effects between transition metal perovskites lead to many

unexpected phenomena due to charge, spin and orbital rearrange-
ments. Recently it was pointed out that reconstructions at the scale
of half a perovskite layer can take place to reduce Coulomb energy due
to the polarization catastrophe [1]. So deposition techniques which
are able to build up perovskites ABOgs by alternating deposition of
AO and BOgs layers are highly desirable. Utilizing this scheme we
grow La;_xMnOg and Lay,35r;,3MnOg on SrTiOz (100) substrates
by metalorganic aerosol deposition (MAD) [2]. We monitor the growth
by in situ ellipsometry which enables us to distinguish between a layer
by layer and block by block growth mode. Modifications of the sto-
ichiometry of the first two layers SrO and MnOg result in profound
changes of the structural, electrical and magnetic properties of the
films. We explain this by an interplay of interfacial intermixing and
electrostatic driving forces which can be reduced by excess MnO2 in
the first layer. Financial support of EU via FP7 (IFOX) is acknowl-
edged.

(1] S. Turner et al, Phys. Rev. B 87, 035418 (2013)

[2] Moshnyaga et.al. Appl. Phys. Lett. 74, 2842 (1999)

TT 10.9 Mon 11:30 BEY 118
Observation of magnetization processes in manganite thin
films using the planar Hall effect — eCAMILLO BALLANI, ED-
UARD UNGER, MARKUS JUNGBAUER, MARKUS MICHELMANN, SEBAS-
TIAN HUHN, DANNY SCHWARZBACH, and VASILY MOSHNYAGA —
I.Physikalisches Institut, Universitdt Gottingen

‘We present a technique for monitoring magnetization processes in thin
magnetic films by a simple voltage measurement. The planar Hall ef-
fect (PHE) in ferromagnetic materials, which is a direct consequence
of the anisotropic magnetoresistance (AMR), is highly sensitive to
changes in the magnetization induced by an in-plane external mag-
netic field. Therefore, rotation of magnetization as well as flops of sin-
gle magnetic domains can be investigated by measuring the transverse
voltage in a Hall bar structure. This method was applied to man-
ganite thin films (Lag.7Srp.3MnO3z and Lag.¢Bag.4MnO3) with thick-
nesses from 5 nm to 30 nm that were grown by metalorganic aerosol
deposition (MAD) technique on SrTiOgz substrates with orientations
(100), (110) and (111) and hence with different magnetocrystalline
anisotropy. Structures with a Hall bar geometry of various sizes (bar
width: 10-300 pm) were processed by electron beam lithography. The
films showed AMR ratios up to 1% at temperatures slightly below T .
The results for the transverse voltage measurements for magnetic hys-
teresis loops driven by an applied external field are consistent with si-
multaneously conducted measurements of magneto-optical Kerr effect
(MOKE) and fit well to a Stoner-Wohlfarth model. Financial support
from EU FP 7 Project IFOX (interfacing oxides) is acknowledged.

TT 10.10 Mon 11:45 BEY 118
Magnetic and electronic properties of Lay 35r;,3MnO3 with
planar order along (100) and (111) — eSEBASTIAN HUHN!,
MARKUS JUNGBAUER!, RICARDO EGOAVIL?, JO VERBEECK?, and
VASILY MOSHNYAGA! — 1I. Physikalisches Institut, Georg-August-
Universitat Goéttingen, Friedrich-Hund-Platz 1, 37077 Gottingen, Ger-
many — 2Electron Microscopy for Materials Science (EMAT), Groe-
nenborgerlaan 171, 2020 Antwerp, Belgium

Cation ordering has a large impact on the physical properties of
strongly correlated materials. In AA’BB’Ogs perovskites A- and B-
site ordering can lead to stabilization of the bulk properties, i.e.
higher transition temperatures and saturation magnetization. Fur-
thermore interface related properties different from those of bulk
materials can emerge. We present an approach of A-site order-
ing in ferromagnetic-half-metallic Laj,35r; ,3MnOg by the growth
of (Laj/2Sr;/2MnO3)2n/(LaMnOg)n and (LaMnOg3)2n/(SrMnO3)n
(with n=1...4) superlattices on SrTiO3 (100) and SrTiO3 (111) sub-
strates by metalorganic-aerosol deposition (MAD) with in situ ellip-
sometric growth control. Structural properties were investigated by
STM/AFM, XRD, XRR and TEM-EELS. The resistivity and mag-
netization were measured between 5-400K by PPMS and MPMS, re-
spectively. Our observation of the Curie point T¢ as a function of the
parameter n shows a huge difference for the planar order directions
(100) and (111). Financial support from EU FP 7, IFOX (interfacing
oxides) project is acknowledged.
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TT 11: Invited Talk - Martin Fally (organized by DF; with CPP, KR, TT)

Time: Monday 9:30-10:15

Invited Talk TT 11.1 Mon 9:30 GER 37
Optics with neutrons using holographic gratings — eMARTIN
FaLLy!, JURGEN KLEPP!, CHRISTIAN PRUNER?, and YAsuo TomiTa3
— 1Faculty of Physics, Uni Wien, Austria — 2Department of Ma-
terials Science and Physics, Uni Salzburg, Austria — 3University of
Electro-Communications, Tokyo, Japan

All neutron-optical phenomena are governed by the neutron-optical
potential or, equivalently, the neutron refractive-index. Thus, an im-
portant task in the design of neutron-optical elements is to efficiently
pattern the neutron refractive-index of materials. For this purpose
we use light-sensitive materials and employ holographic techniques to
produce diffraction gratings for neutrons.

After an introduction to the basics of neutron optics and the chal-

TT 12: Quantum Dynamics, Decoherence

Time: Monday 9:30-12:00

Invited Talk TT 12.1 Mon 9:30 HUL 186
Welcome to Twin Peaks: momentum-space signatures of An-
derson localization — eCORD A. MULLER — Fachbereich Physik,
Universitiat Konstanz

Quantum Systems with structural disorder present unusual challenges
when is comes to understanding long-time limits of their phase-space
dynamics. In particular, Anderson localization is well known to sup-
press classical diffusion of (matter) waves in real space—but much less
is known about its momentum-space signatures.

Recently, a new signature of strong Anderson localization has been
discovered for ultracold atoms following a quantum quench: a twin-
peak signal in the particles’ momentum distribution. This structure
combines the familiar back-scattering peak with a coherent forward-
scattering peak [1]. The forward peak appears to be a genuine signal
for the onset of strong localization, surviving in the presence of weak
magnetic fields. Recent non-perturbative calculations in a quasi-1D
setting [2] have confirmed that the forward peak can serve as a re-
liable signature of Anderson localization. This theory describes the
peak’s temporal genesis as well as its aymptotic features such as width
and height, and arguably presents the only instance where the tem-
poral evolution of a strong localization phenomenon can be described
analytically at all times.

[1] T. Karpiuk et al., PRL 109, 190601 (2012)

[2] T. Micklitz et al., arXiv:1311.2268

TT 12.2 Mon 10:00 HUL 186
Adiabatic-Markovian Dynamics at Avoided Crossings —
ePETER NALBACH — I. Institut fiir Theoretische Physik, Universitat
Hamburg, Jungiusstr. 9, 20355 Hamburg

In order to study Landau-Zener transitions at avoided crossings under
the influence of environmental fluctuations we derive effective nonequi-
librium Bloch equations. Thereby, we employ an adiabatic-Markovian
approximation which results in effectively time-dependent relaxation
and dephasing rates and a time-dependent quasi-equilibrium statisti-
cal operator to which the system is driven. At weak coupling, where
in a static case a Markovian approximation is valid, we observe very
good agreement for the full driving speed range between the nonequi-
librium Bloch equations predictions and numerical exact data for the
Landau-Zener transition and the excitation survival probability [1].
The nonequilibrium Bloch equations, thus, allow for an efficient tool
to analyze and model the dynamics in driven double quantum dot [2]
and other qubit realizations.

[1] P. Nalbach and M. Thorwart, Phys. Rev. Lett. 103, 220401
(2009) & Chem. Phys. 375, 234 (2010).

[2] P. Nalbach, J. Knorzer and S. Ludwig, Phys. Rev. B 87, 165425
(2013).

TT 12.3 Mon 10:15 HUL 186
A generalized quantum regression theorem for non-
Markovian two-time correlation functions of system oper-

Location: GER 37

lenges as compared to light optics I will discuss our recent experi-
ments, where we successfully demonstrated the power of this approach.
Two- and three-port beam-splitters as well as free-standing film mir-
rors for cold and very-cold neutrons were set up by exploiting the Pen-
dellésung interference effect. Another intriguing possibility is offered
by holographic gratings containing superparamagnetic nanoparticles
to produce business card-size neutron polarizers working in compara-
bly low external magnetic induction. Such devices are being developed
at present. Finally, I will give an outlook on novel neutron-scattering
instrumentation and techniques which are expected from those ad-
vancements.

In collaboration with: 1. Drevensek-Olenik, S. Gyergyek, J.
Kohlbrecher, P. Geltenbort, R. A. Rupp

and Quantum Information (organized by DY)

Location: HUL 186

ators — eJINSHUANG JIND1:2:3 MicHAEL MARTHALER®? and GERD
ScHON3* — 1Karlsruhe Institute of Technology (KIT), Institute of
Nanotechnology, Karlsruhe, Germany — 2Department of Physics,
Hangzhou Normal University, Hangzhou, China — 3Institut fiir The-
oretische Festkorperphysik, Karlsruhe Institute of Technology(KIT),
Karlsruhe, Germany — *DFG-Center for Functional Nanostructures
(CFN), Karlsruhe Institute of Technology, Karlsruhe, Germany

We present an efficient scheme for the calculation of two-time corre-
lation functions for open quantum systems with memory effect. This
scheme is the generalization of the quantum regression theorem with
the consideration of non-Markovian effects. We further apply the
present method to both Ferminonic and Bosonic systems. The former
is to study the charge fluctuation spectrum of the interacting quantum
dots in the sequential tunneling regime. The latter is to investigate the
non-Markovian effect of the phonon bath on the emission spectrum of
a cavity. The characteristic non-Markovian features in the spectra are
explored.

TT 12.4 Mon 10:30 HUL 186
Coherence phase diagram and a quench dynamics of a
spin-boson model. — oOLEKSIY Kasnusal, D.M. KENNESZ, M.
PLETYUKHOV?, V. MEDEN?, and H. SCHOELLER? — Institut fiir Theo-
retischen Physik, Technische Universitit Dresden — 2Institut fiir The-
orie der Statistischen Physik, RWTH Aachen

We study the non-Markovian dynamics of the small dissipative quan-
tum system coupled to an thermodynamically equilibrated environ-
ment. The memory effects probed by the quenching of the coupling
strength. We discovered the contra-intuinive tendency of the system
to the enhancement of the coherence in response to stronger memory
of the incoherent behaviour before the quench. Studying the dynam-
ics of the system at different coupling and temperatures we revealed
several distinct ”"phases” by discriminating between the dynamics on
intermediate and long time scales. Surprisingly, elevated temperature
can render the system ”more coherent” by inducing a transition from
the partially coherent to the coherent regime.

15 min break

TT 12.5 Mon 11:00 HUL 186
Beyond Born-Markov: validity, dependencies and the initial
state problem — eCHRISTIAN KARLEWSKI, MICHAEL MARTHALER,
and GERD SCHON — Institut fiir Theoretische Festkorperphysik, KIT,
76128 Karlsruhe

We expand the master equation for an open quantum system in terms
of the Born and the Markov approximation. This makes it possible
to calculate higher order-terms in the coupling strength to the bath
beyond the famous Born-Markov approximation. Additionally, we are
able to compare and distinguish between the terms belonging to Born
or Markov approximation. The first issue we address with this ap-
proach is the initial state problem. Our method allows to quantify
initial correlations and thus the error made by neglecting them. Sec-
ondly, we investigate the behaviour of a specific system, the spin boson
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model with an Ohmic noise with Drude-Lorentz cutoff, and we com-
pare our computations with the Born-Markov approximation.

TT 12.6 Mon 11:15 HUL 186
Dissipative dynamics and energy transfer of a harmonic oscil-
lator coupled to nonthermal baths — eDANIEL PAGEL!, ANDREAS
ALVERMANN!, HOLGER FEHSKE!, PETER NALBACH2, and MICHAEL
THORWART? — lInstitut fiir Physik, Ernst-Moritz-Arndt-Universitit
Greifswald — 2I. Institut fiir Theoretische Physik, Universitit Ham-
burg

The dissipative dynamics of a quantum-mechanical system can be stud-
ied in a microscopic setting if one includes an explicit coupling to one
or more baths of harmonic oscillators. Allowing for general nonequilib-
rium bath preparations instead of the usually employed thermal ones,
we look at the long-time behavior of the dissipative harmonic oscillator
coupled to one bath and prove that it equilibrates in the absence of
isolated modes. The stationary density matrix in the long-time limit
then depends on the initial bath state only. We discuss the require-
ments for full thermalization of the central oscillator. In the case of
multiple baths, where stationary nonequilibrium states of the central
oscillator become possible, we show that the fluctuations of the cen-
tral oscillator follow an exact generalized nonequilibrium fluctuation
relation. Finally, we discuss the generalization of the cumulant gen-
erating function for the energy transfer through the oscillator to the
nonthermal situation.

TT 12.7 Mon 11:30 HUL 186
Optimal control of non-interacting (quantum) harmonic oscil-
lators and qubits — eFRANK BOLDT and KARL HEINZ HOFFMANN —
Professur Theoretische Physik, insbesondere Computerphysik, Tech-
nische Universitat Chemnitz

In this talk the time-optimal and decoherence free control of an ensem-
ble of non-interacting (quantum) harmonic oscillators is given, using
an geometrical approach based on the Casimir companion [1]. These
time-optimal decoherence free passages are shortcuts to adiabaticity.
Therefore fast optimal cooling processes are possible and maximum

cooling rates will be given [2]. Further, time-optimal and decoherence
free controls of an ensemble of non-interacting qubits will be deduced
as a second example [3].

The optimal controls presented are piece-wise continuous functions
(Bang-Bang controls) and thus hard to realize experimentally. As
an outline, bounds for continuous controls with finite switching times
were calculated to give experimenters hard limits for instance to adjust
their experimental realized version of the control by a feedback loop.

[1] F. Boldt et al., PRA 87, 022116 (2013)

[2] P. Salamon et al., Phys. Chem. Chem. Phys., 2009, 11, 1027-
1032

[3] F. Boldt et al., EPL 99, 40002 (2012)

TT 12.8 Mon 11:45 HUL 186
Dynamics of entanglement entropy and entanglement spec-
trum crossing a quantum phase transition — eELENA CANoOVI!,
ELisA ERCOLESSI?, PIERO NALDESI?2, Luca Tappia2, and Da-
vIDE Vopora?3 — lInstitut fiir Theoretische Physik III, Univer-
sitdt Stuttgart, Pfaffenwaldring 57, 70550 Stuttgart, Germany —
?Dipartimento di Fisica e Astronomia dell’Universita di Bologna and
INFN, Sezione di Bologna, Via Irnerio 46, 40127 Bologna, Italy —
3PCMS (UMR 7504) and ISIS (UMR 7006), Université de Strasbourg
and CNRS, Strasbourg, France

We study the time evolution of entanglement entropy and entangle-
ment spectrum in a finite-size system which crosses a quantum phase
transition at different speeds. We focus on the Ising model with a
time-dependent magnetic field, which is linearly tuned on a time scale
7. The time evolution of the entanglement entropy displays different
regimes depending on the value of 7, showing also oscillations which
depend on the instantaneous energy spectrum. The entanglement spec-
trum is characterized by a rich dynamics where multiple crossings take
place with a gap-dependent frequency. Moreover, we investigate the
Kibble-Zurek scaling of entanglement entropy and Schmidt gap.

TT 13: Topological Insulators: Mostly Structure and Electronic Structure (organized by HL)

Time: Monday 9:30-12:30

TT 13.1 Mon 9:30 POT 051
InAs/GaSb compound quantum wells for electrically tun-
able topological insulator devices — eGEORG KNEBL!, MATTHIAS
DALLNER!, RoBERT WEIH!, SVEN HOFLING!»2, and MARTIN Kampl —
LUniversitat Wiirzburg, Deutschland — 2University of St Andrews,
Scotland

InAs/GaSb compound quantum wells (CQW) sandwiched between two
AlSb layers and a front/back gate were proposed by Liu et al. [1] to
show a topological insulator phase. The advantage of this structure is
the possibility to tune the phase transition from a normal to a topo-
logical insulator via the front and back gate voltage. In addition, this
material combination allows the use of established III/V semiconduc-
tor technology for epitaxy and device processing.

We present results on the growth of InAs/GaSb CQWs via molecu-
lar beam epitaxy on GaSb and GaAs substrates using different buffers.
Furthermore, we will discuss device fabrication on InAs/GaSb layer
structures, which requires special care since oxidation or process in-
duced damage can lead to the formation of conducting surface chan-
nels. Electrical characterization of Hall bars and the tunability of the
transport properties via gates will be reported.

[1] C. Liu, et al., Phys. Rev. Lett. 100, pp. 1-4, (2008)

TT 13.2 Mon 9:45 POT 051
Resolving the linear dispersion relation of topological insu-
lator nanowires — eJOHANNES GOOTH, BACEL HAMDOU, AUGUST
DoORN, ROBERT ZIEROLD, and KORNELIUS NIELSCH — Institute of Ap-
plied Physics, Universitdt Hamburg, Hamburg, Germany

Due to the linear dispersion relation, charge carriers in the surface
states of a topological insulator (TI) behave like relativistic parti-
cles described by the Dirac equation for spin-1/2 particles leading
to exotic new physics and applications. In bulk topological insula-
tors the linear dispersion relation at the surface has been resolved by

Location: POT 051

angle-resolved photoemission spectroscopy (ARPES). On nanostruc-
tures ARPES measurements have not been successful, due to the lim-
ited sample size. Instead magnetoelectrical transport measurements
became the most common way to indicate the existance of surface
states in nanomaterials. However, the linear dispersion relation has
not been directly resolved in nanostructures to date.

Here, we show that the linear dispersion relation on the surface of a
BigTes nanowire can directly be deduced from gate dependend magne-
tototransport measurements. Further carrier concentration, mobility
and effective mass of the dirac fermions are determined as a function of
gate voltage. It can be shown that at 2K the transport in the surface
states is dominated by electron-electron interaction.

TT 13.3 Mon 10:00 POT 051
Temperature-dependent surface band gap of Dirac fermions
observed at the (111) surface of the crystalline topological in-
sulator Pb-Sn-Se — ePARTHA S. MANDAL!, GUNTHER SPRINGHOLZ?,
GUNTHER BAUER?, VALENTINE V. VOLOBUEVZ, ANDREI VARYKHALOV?!,
OLIVER RADER!, and JAIME SANCHEZ-BARRIGA! Helmholtz-
Zentrum Berlin — 2Johannes-Kepler-Universitét Linz

Using angle-resolved photoemission, we studied (111)-oriented epi-
taxial films of Pb-Sn-Se grown by molecular beam epitaxy. The
topological-to-trivial-insulator phase transition [1] is monitored prob-
ing the bulk valence band as a function of Sn concentration and temper-
ature between 30 K and room temperature. In the topological phase,
the topological surface state opens a band gap indicating a mass aqui-
sition that is not caused by broken time reversal symmetry. We discuss
this phenomenon in comparison to conventional topological insulators
[2] protected by time-reversal symmetry.

[1] P. Dziawa, B. J. Kowalski, K. Dybko, R. Buczko, A. Szczer-
bakow, M. Szot, E. Lusakowska, T. Balasubramanian, B. M. Wojek,
M. H. Berntsen, O. Tjernberg, T. Story, Nature Mat. 11, 1023 (2012).

[2] T. Sato, K. Segawa, K. Kosaka, S. Souma, K. Nakayama, K. Eto,
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T. Minami, Y. Ando, and T. Takahashi, Nature Phys. 7, 840 (2011).

TT 13.4 Mon 10:15 POT 051
Surface-Dominated Transport on a Bulk Topological In-
sulator — eLisA KUHNEMUND!, LucAsS BARRETO2, FREDERIK
EDpLER!, CHRISTOPH TEGENKAMP!, JIANLI M13, MARTIN BREMHOLM?,
BO BRUMMERSTEDT IVERSEN®, CHRISTIAN FRYDENDAHL2, MARCO
Biancur?, and PuiLip HOFMANN? — Leibniz Universitit Hannover,
Inst. f. Festkoérperphysik — 2Aarhus University, Dep. of Physics
and Astronomy, iNANO — 3Aarhus University, Center for Materials
Crystallography, iNANO

Topological insulators are guaranteed to support metallic surface states
on an insulating bulk, and one should thus expect that the electronic
transport in these materials is dominated by the surfaces states. Alas,
due to the high remaining bulk conductivity, surface contributions to
transport have so-far only been singled out indirectly via quantum
oscillations, or for devices based on gated and doped topological in-
sulator thin films, a situation in which the surface carrier mobility
could be limited by defect and interface scattering. Here we present
a direct measurement of surface-dominated conduction on an atom-
ically clean surface of BixTezSe. Using nano-scale four point setups
with variable contact distance, we show that the transport at 30 K is
two-dimensional rather than three-dimensional and by combining these
measurements with angle-resolved photoemission results from the same
crystals, we find a surface state mobility of 390(30) cm?V~1s~1! at 30 K
at a carrier concentration of 8.71(7)x 102 cm™2.

TT 13.5 Mon 10:30 POT 051
Room temperature high frequency transport of Dirac
fermions in MBE grown SbyTes based topological insulators
— oT. HERRMANN!, P. OLBRICH!, S.N. DANILOV!, CH. WEYRICH?, J.
KAMPMEIERS, G. MUSSLER?, D. GRUTZMACHER?, L. PLUCINSKI?, C.M.
SCHNEIDER®, M. EscuBacu®, L.E. GoLuB?, V.V. BEL’KOVZ, and S.D.
GANICHEV! — !University of Regensburg, Regensburg, Germany —
2Joffe Institute, St. Petersburg, Russia — 3Peter Griinberg Institute
(PGI) & Jiilich Aachen Research Alliance (JARA-FIT), Research Cen-
ter Jiilich, Jilich, Germany

We report on the observation of terahertz (THz) laser radiation in-
duced currents in epitaxially grown SbaTes based topological insula-
tors (TI) [1]. We demonstrate that the excitation of the sample with
linearly polarized THz radiation results in a photoresponse solely stem-
ming from the surface states of the 3D TI. Our analysis shows that the
photocurrent is caused by the photogalvanic effect [2], which emerges
in the surface states but is forbidden in the centrosymmetric bulk ma-
terial. As an important result our measurements demonstrate that the
high frequency transport can be obtained in the Dirac fermion system
even at room temperature.

[1] Plucinski et al.; J. Appl. Phys. 113, 053706 (2013)

[2] Weber et al.; Phys. Rev. B 77, 245304 (2008)

TT 13.6 Mon 10:45 POT 051
Topological Insulator Nanowires by Chemical Vapour Depo-
sition — ePIET SCHONHERR and THORSTEN HESJEDAL — Department
of Physics, Clarendon Laboratory, University of Oxford, Oxford OX1
3PU, United Kingdom

Topological insulators (TIs) are a new state of quantum matter which
insulates in the bulk and conducts on the surface. The study of bulk
TIs has been hindered by high conductivity in the bulk, arising from
crystalline defects. Such problems can be tackled through composi-
tional engineering or the synthesis of TT nanomaterials. We combined
both approaches in a systematic study of various growth parameters to
achieve uniform, high purity nanowires with high substrate coverage.

The highlight of this study is the development of a new growth route
for nanowires, based on a TiO2 catalyst rather than the conventional
Au. Comparative studies demonstrate that Au significantly contam-
inates the nanowires, whereas TiO2 stays well separated. Details of
the Au and TiO2-catalysed growth mechanism were investigated. For
Au it was found that the growth mechanism is vapour-liquid-solid.
For TiOg nanoparticles, in contrast, the growth mechanism can be
described in the vapour-solid scheme.

Nanowires of the doped compound (Big.78Sbg.22)2Ses were stud-
ied using synchrotron radiation. It was discovered that the material
mainly adopts an orthorhombic phase known from SbaSez. The Ra-
man spectrum is reported and matched with the structural information
for the first time. Furthermore, a method to control the length and
diameter of BigSes nanowires through laser-cutting was developed.

Coffee break (15 min.)
TT 13.7 Mon 11:15 POT 051

Optoelectronic flow trajectories in topological insulators —
ePAUL SEIFERT!, CHRISTOPH KasTL!, ToNG Guan2, Kenur WuZ2,
X. Y. HE?, YONGQING Li?, and ALEXANDER W. HOLLEITNER! —
IWalter Schottky Institut and Physik-Department, Technische Univer-
sitdit Miinchen — 2Institute of Physics, Chinese Academy of Sciences,
Beijing 100190, China

‘We report on the optoelectronic properties of thin films of the topolog-
ical insulator (BizSbi_z)2Tes grown by molecular beam epitaxy. In
spatially resolved experiments, we observe photocurrent patterns with
positive and negative amplitude [1]. We interpret the patterns to origi-
nate from a local photocurrent generation due to potential fluctuations
(1]. Exploiting the local photocurrent generation in combination with
a sub 100-nm lithography, we visualize the current flow in nanoscale
circuits based on topological insulators [2].

[1] C. Kastl, T. Guan, X. Y. He, K. H. Wu, Y. Q. Li, and A. W.
Holleitner, Appl. Phys. Lett. 101, 251110 (2012). [2] C. Kastl et al.,
(2014).

We gratefully acknowledge financial support from the DFG-project
HO3324/8 within the SPP 1666 on topological insulators.

TT 13.8 Mon 11:30 POT 051
Polarization-controlled picosecond spin currents in topolog-
ical insulators — eCHRISTOPH KASTL!, CHRISTOPH KARNETZKY!,
HeLmuT KARL?, and ALEXANDER W. HOLLEITNER! — 1Walter Schot-
tky Institut and Physik-Department, Technische Universitat Miinchen,
85748 Garching, Germany — 2Institute of Physics, University of Augs-
burg, 86135 Augsburg, Germany

Controlling spin currents in topological insulators may lead to appli-
cations in future spintronic devices [1]. Here, we show that surface
currents in Bi2Se3 can be controlled by circularly polarized light on
a time-scale of a picosecond with a fidelity near unity even at room
temperature. We reveal the temporal interplay of such ultrafast spin
currents with photo-induced thermoelectric and drift currents in opto-
electronic circuits [2].

[1] C. Kastl, T. Guan, X. Y. He, K. H. Wu, Y. Q. Li, and A. W.
Holleitner, Appl. Phys. Lett. 101, 251110 (2012).

[2] C. Kastl et al., (2014).

We gratefully acknowledge financial support from the DFG-project
HO3324/8 within the SPP 1666 on topological insulators.

TT 13.9 Mon 11:45 POT 051
Scanning Tunneling Microscopy of Ultrathin Topological
Insulator SbyTes Films on Si(111) grown by Molecular
Beam Epitaxy — eMARTIN LaNIUS, JORN KAMPMEIER, GREGOR
MUussLER, and DETLEV GRUTZMACHER — Peter Griinberg Institut,
Forschungszentrum Jiilich, Germany

Topological insulators (TIs) are a class of materials in the field of con-
densed matter physics. In addition to the fascinating electronic proper-
ties, the Van der Waals growth mode of TIs, i.e. the TI epilayer is only
weakly bonded to the substrate, which allows the use of substrates with
high lattice mismatch, is of high interest. In this case we have studied
the nucleation and growth process of the TI SbaTes on Si(111) sub-
strates by STM (Scanning Tunneling Microscopy) and AFM (Atomic
Force Microscopy). The thin films from several nanometers thickness
down to one quintuple layer thickness have been grown by molecular
beam epitaxy. To determine the thickness and composition of the films
we used x-ray reflectivity and x-ray diffraction. Further investigations
of GeaSbaTes, which is a phase-changing material and a topological
insulator, and the comparison to the growth mode of SbaoTes will be
presented.

TT 13.10 Mon 12:00 POT 051
Transport of Dirac fermions in the presence of spin-orbit im-
purities — ePIERRE ADROGUER', DiMITRI CULCER?, and EWELINA
HaNkiEwicz! — Mnstitute for Theoretical Physics and Astronomy,
Wiirzburg University, Wiirzburg, Germany — 2School of Physics, Uni-
versity of New South Wales, Sidney, Australia

The recent exprimental realizations of three dimensional topological in-
sulators (3DTI) have provided a new tool to investigate Dirac physics.
Indeed, these materials exhibit an insulating bulk and a single metal-
lic surface state described by Dirac fermion physics.
In the regime of weak scalar disorder, Dirac fermions do not
backscatter because of time-reversal symmetry. Further, this absence
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of backscattering leads to a weak antilocalization correction (an in-
crease in conductivity in the absence of magnetic field, due to quantum
interference of conjugated paths) [1,2].

In this presentation, we will review these phenomena, and show how
these features are modified when there are spin-orbit impurities in the
Dirac fermion systems.

We acknowledge financial support via grant HA 5893/4-1 within
SPP 1666.

[1] G. Tkachov and E. M. Hankiewicz, Phys. Rev. B 84, 035444
(2011)

[2] P. Adroguer, D. Carpentier, J. Cayssol, and E. Orignac, New
Journal of Physics 14, 103027 (2012)

TT 13.11 Mon 12:15 POT 051
Oscillatory surface dichroism of the insulating topological in-
sulator BixTezSe — eSusMITA Basak!, MapHAaB NEUPANEZ, HSIN
LiN', N. Avumoust?, S.-Y. Xu2, CHANG Liv?, 1. BELOPOLSKI?, G.
Bian?, J. XionG?, H. Ji3, S. Jia3, S.-K. Mo*, M. BIssEN®, M.
SEVERSON®, N. P. ONG2, T. DUrRAKIEWICZS, R. J. CAva3, A. BANSIL!,

and M. Z. HasaN? — !Department of Physics, Northeastern Univer-
sity, Boston, Massachusetts, USA — 2Joseph Henry Laboratory and
Department of Physics, Princeton University, Princeton, New Jersey,
USA — 3Department of Chemistry, Princeton University, Princeton,
New Jersey, USA — %Advanced Light Source, Lawrence Berkeley Na-
tional Laboratory, Berkeley, California, USA — 5Synchrotron Radia-
tion Center, Stoughton, Wisconsin, USA — 6Condensed Matter and
Magnet Science Group, Los Alamos National Laboratory, Los Alamos,
New Mexico, USA

We present a study of the effect of angular momentum transfer between
polarized photons and topological surface states of the insulating topo-
logical insulator BixTeaSe using circular dichroism-angle resolved pho-
toemission spectroscopy. The photoelectron dichroism demonstrate a
dramatic sign flip with the change of photon frequency and we show
that this is a consequence of a strong coupling between the photon
field and the spin-orbit nature of the initial Dirac states on the sur-
face. Our studies reveal the intrinsic dichroic behavior of topological
surface states and point toward the potential utility of bulk insulating
topological insulators in opto-spintronics device applications.

TT 14: Focus Session: Physics of Quantum Rings (organized by HL)

Innovative recent findings in both experimental and theoretical physics of quantum rings and ring-like
atom systems based on the most advanced state-of-the-art fabrication and characterization techniques as
well as theoretical methods will be discussed. The experimental efforts allow for obtaining new classes of
semiconductor quantum rings and quantum-ring-based metamaterials. An adequate characterization of
quantum rings is realized using scanning tunneling microscopy methods. Dedicated theoretical models
allow for interpretation of the novel topology-driven physical properties of quantum rings.

Organizer: Axel Lorke, Universitat Duisburg-Essen.

Time: Monday 9:30-11:30

Topical Talk TT 14.1 Mon 9:30 POT 151
Impact of topology on physical properties of quantum rings
— oVLADIMIR M. FOMIN — Institute for Integrative Nanosciences,
IFW-Dresden, Helmholtzstrale 20, 01069 Dresden, Germany

Advanced micro- and nanostructure fabrication techniques can be
exploited to generate non-trivially shaped objects possessing man-
designed topological features, such as doubly-connectedness (quan-
tum rings) and one-sidedness (Mobius strips) [1]. Even though self-
assembled semiconductor quantum rings (‘quantum volcanos’) are
singly-connected and anisotropic, they exhibit the Aharonov-Bohm
effect on the persistent current because the electron wave functions
are exponentially decaying towards the center and are topologically
identical to those in doubly-connected quantum rings. Theoretically
predicted Aharonov-Bohm effect in ‘quantum volcanos’ was experi-
mentally detected by torsion magnetometry. Symbiosis of a geometric
potential and an inhomogeneous twist renders an observation of the to-
pology effect on the electron ground-state energy in microscale Mébius
strips into the realm of experimental verification. A ‘delocalization-to-
localization’ transition for the electron ground state is unveiled in inho-
mogeneous Mobius strips [2]. This transition can be quantified through
the Aharonov-Bohm effect on the persistent current. Recent findings
suggest perspectives of topological control over electronic, spin, optical,
magnetic and transport properties of micro- and nanostructures.

[1] V. M. Fomin (Ed.), Physics of Quantum Rings, Springer,
Berlin—Heidelberg, 2014, 487 p. [2] V. M. Fomin, S. Kiravittaya,
O. G. Schmidt, Phys. Rev. B 86, 195421 (2012).

Topical Talk TT 14.2 Mon 10:00 POT 151
Fabrication of ordered quantum rings — eZHIMING WANG —
School of Microelectronics and Solid-State Electronics, University of
Electronic Science and Technology of China, Chengdu, 610054 , P. R.
China

Quantum rings possess unique properties and have attracted exten-
sive theoretical and experimental attention. Up to now, various effects
have been devoted to fabrication of quantum rings via both top-down
techniques and self-assembly. Epitaxy has been demonstrated as an
effective method to fabricate self-assembled quantum rings. Despite
the well-controlled morphology of self-assembled quantum rings pro-
duced by using both Stranski-Krastanov growth and droplet epitaxy,
the lateral ordering of quantum rings remains challenging[1]. In this

Location: POT 151

presentation, both vertically and laterally aligned quantum rings are
described. The fabrication of laterally aligned quantum rings is based
on the transformation of ordered quantum dots using the self-organized
anisotropic strain engineering technique. The vertically aligned quan-
tum rings are fabricated by multi-step droplet epitaxy. The growth
mechanisms of both vertically aligned and laterally ordered quantum
rings are discussed. Fabrication of ordered quantum rings is of high
priority for practical applications, in particular, as photovoltaic devices
and photodetectors.

References

[1] J. Wu and Z. Wang, in: V. M. Fomin (Ed.), Physics of Quantum
Rings, Springer, Berlin-Heidelberg, 2014, pp. 143-159.

Coffee break (15 min.)
Topical Talk TT 14.3 Mon 10:45 POT 151

Self-organized formation and XSTM characterization of
GaSb/GaAs quantum rings — eANDREA LENZ — Institut fur
Festkorperphysik, Technische Universitat Berlin, Hardenbergstrafe 36,
10623 Berlin, Germany

In the GaSb/GaAs material system, quantum rings (QRs) can occur
already after the material deposition on GaAs(001), sometimes even
without capping. Upon capping almost all quantum dots are trans-
formed into QRs [1].

This presentation gives an overview of the structural parameters and
the formation process of the GaSb/GaAs QRs using cross-sectional
scanning tunneling microscopy (XSTM). Furthermore, information on
the electronic structure of the QRs is shown, which is gained using
scanning tunneling spectroscopy mode (XSTS). XSTS reveals the type-
IT alignment for GaSb/GaAs QRs [2], which makes them very promis-
ing for charge storage devices and in photovoltaics. Furthermore, the
GaSb/GaAs system exhibits a strong Aharonov-Bohm effect since the
central opening of the QRs is much more pronounced as compared with
other material systems, like e.g. the InGaAs/GaP system, for which
QRs have been observed quite recently [3].

This work was supported by the EC through the SANDIE NoE and
by projects Da 408/13 and Sfb 787 of the DFG.

[1] A. Lenz and H. Eisele, in: V. M. Fomin (Ed.), Physics of Quan-
tum Rings, Springer, Berlin-Heidelberg, 2014, pp. 123-142. [2] R.
Timm et al., Nano Lett. 10, 3972 (2010). [3] C. Prohl et al., Appl.
Phys. Lett. 102, 123102 (2013).
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TT 14.4 Mon 11:15 POT 151
Current-induced spin dynamics in ring-like atom clusters
on surfaces — eBENJAMIN BAXEVANIS, CHRISTOPH HUBNER, LARS-
HENDRIK FRAHM, and DANIELA PFANNKUCHE — I. Institut fiir Theo-
retische Physik, Universitdt Hamburg, Germany

Recently, much attention has been devoted to artificially assembled
magnetic structures made of iron atoms on non-magnetic substrates
using a scanning tunneling microscope [1,2,3]. Some of these structures
show unique dynamics and switching of magnetism under the influence
of a spin-polarized current and the interaction with the substrate [2,3].

We theoretically consider the spin dynamics in a ring-like cluster of Fe
atoms on a substrate tunnel-coupled to a magnetic tip. Employing
a master equation approach, the effects of the spin-polarized current,
anisotropy field and symmetry of the ring-like cluster [4] on the spin
dynamics are studied.
[1] A. A. Khajetoorians, J. Wiebe et al., Nature Physics 8, 497 (2012)
[2] S. Loth, S. Baumann, C. P. Lutz et al., Science 335, 196 (2012)
[3] A. A. Khajetoorians, B. Baxevanis et al., Science 339, 55 (2013)
[4] B. Baxevanis and D. Pfannkuche, in: V. M. Fomin (Ed.), Physics
of Quantum Rings, Springer, Berlin-Heidelberg, 2014, pp. 381-408.

TT 15: Focus Session: Frontiers of Electronic Structure Theory - Non-Equilibrium Phenomena at
the Nano-Scale (organized by O)

Non-equilibrium processes such as charge and heat transport are central to electronic and thermoelectric
applications. Understanding these phenomena at the nanoscale challenges both theory and experiment.
Basic theoretical issues are related to the role of quantum mechanics, the interplay of ballistic, diffusion
and hopping processes, the importance of dissipation, the effect of electronic correlation, and the sig-
natures of unusual quantum states. On the experimental side devising measurements to unravel these
phenomena in a controlled way poses severe difficulties. In this regard, optical lattices of cold atoms are
emerging as a powerful laboratory to test theoretical models and discover unforeseen phenomena.

This symposium will cover current issues in the field by bringing together scientists working in dif-
ferent specific areas with the aim of fostering interdisciplinary discussion, assessing current theoretical
understanding, and indicating future goals with emphasis on electronic structure theory.

Organizers: Roberto Car (Princeton), Kristian S. Thygesen (Lyngby) and Matthias Scheffler (Berlin)

Time: Monday 10:30-13:15

Topical Talk TT 15.1 Mon 10:30 TRE Ma
Mbolecular junction transport: some theoretical and computa-
tional considerations — eMARK RATNER! and MATTHEW REUTER?
— 1Chemistry, Northwestern University, Evanston Illinois 60208 USA
— 2Chemistry, Northwestern University, Evanston Illinois 60208 USA

Following the development of break junction techniques, and very ele-
gant measurements by many labs worldwide, the understanding of the
community for single molecule transport junctions on the experimental
side has been very nicely unified. While there are still challenges, inter-
pretations of the transport (and indeed of some second-order response
properties) is now quite sophisticated.

There have been major advances in the computational approaches
also, and in many cases, computations and measurements can be com-
pared quantitatively. But there are some remaining difficulties in the
computational and theoretical approaches, and this talk will discuss a
few of them.

The topics addressed will be: single molecule aspects, histograms
and their usage, time-dependence of the transport, and ghost trans-
mission and computational accuracy.

TT 15.2 Mon 11:00 TRE Ma
On the description of biased nanocontacts from ab initio
— oSTEVEN ACHILLES!, JURGEN HENK!, MICHAEL CZERNERZ2, CHRIS-
TIAN HEILIGER?, and INGRID MERTIG! — !Institute of Physics, Mar-
tin Luther University Halle-Wittenberg, D-06099 Halle, Germany —
21. Physikalisches Institut, Justus Liebig University, D-35392 Giessen,
Germany

A suitable description of arbitrary shaped and biased nanocontacts is
very important for investigating and predicting physical effects of ma-
terials on the nanometer scale. In particular, the electronic transport
properties under finite bias voltages are of great interest.

To account for systems under finite bias we extended our Korringa-
Kohn-Rostoker Green’s function method [1] to the Keldysh formal-
ism [2]. The method was developed for different types of geometries,
i.e. planar junctions [3] and embedded real-space clusters [4]. Both
implementations include a self-consistent treatment of the electronic
structure under external bias using the nonequilibrium density.

We present ab initio results of voltage drops, the charge relaxation
under finite bias voltage and current-voltage characteristics for differ-
ent types of geometries.

[1] R. Zeller, P.H. Dederichs, B. Ujfalussy, L. Szunyogh, and P. Wein-
berger, Phys. Rev. B 52, 8807 (1995).; P. Zahn, I. Mertig, R. Zeller,
and P.H. Dederichs, Mat. Res. Soc. Symp. Proc. 475, 525 (1997).

Location: TRE Ma

[2] L.V. Keldysh, Sov. Phys. JETP 20 (4), 1018-1026 (1965).
(3] S. Achilles et al., Phys. Rev. B 88 (12), 125411 (2013).
[4] S. Achilles et al., to be published

TT 15.3 Mon 11:15 TRE Ma
Elasticity changes in molecular junctions under bias: an ab-
initio study — eCLOTILDE S. CuciNOoTTA!, MEILIN Bar'»2, Ivan
RUNGGER!, SHMIN Hou2?, and STEFANO SANvITO! — 1School of
Physics and CRANN, Trinity College Dublin, College Green, Dublin 2,
Ireland — 22Key Laboratory for the Physics and Chemistry of Nanode-
vices, Department of Electronics, Peking University, Beijing 100871,
China

Non-conservative current induced forces are at the origin of a rich va-
riety of dynamical processes, including vibrations, rotations, phonon
energy flow, desorption and reactions. The ability to simulate these
phenomena paves the way for crucial advances in interface physics and
in molecular electronics. New insights into how the presence of non-
conservative forces can affect the vibrational spectrum of prototypic
Au-H2-Au nano-junctions are obtained by the Non Equilibrium Green
Functions approach combined with Density Functional Theory as im-
plemented in the Smeagol code [1]. The modification of the phonon
spectrum of the junction in the presence of an external bias is for
the first time analysed, in terms of charge redistribution caused by the
electron flow, potential drop and differences in an average distance col-
lective variable. Phonon modes changes are related to a change in bias
of some of the elastic constants. The importance of electric field vs. cur-
rent effects is compared. The elasticity changes of the molecular junc-
tion with bias are interpreted in terms of the current flowing through
the system. [1] http://www.smeagol.tcd.ie/SmeagolDownloads.htm.

TT 15.4 Mon 11:30 TRE Ma
Carbon nanotubes decorated with magnetic clusters: mag-
netism, electron transport and gas sensing — eZEILA ZANOLLI!
and JEAN-CHRISTOPHE CHARLIER? — !Forschungszentrum Juelich,
PGI and IAS, Juelich, Germany — 2IMCN, Université catholique de
Louvain (UCL), Belgium

In this work, first-principles techniques and non-equilibrium Green’s
function approaches are used to investigate magnetism and spin-
polarized quantum transport in carbon nanotubes (CNTs) decorated
with transition metal magnetic nanoclusters (NC).

For small cluster sizes (< 1 nm), ab initio calculations predict a con-
siderable local magnetic moment that induces spin polarization in the
host CNT due to a strong mutual interaction with the magnetic NC.
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Such a huge local magnetic perturbation can be tailored by molecular
adsorption on the metallic NC, thus modifying both the magnetization
and the spin-dependent conductance of the hybrid CNT-NC system.
The adsorption of benzene on Ni- or Pt-decorated metallic CNTs has
been investigated as a test case. The ab initio simulations demon-
strate that the magnetization change due to the absorption of a single
CgHg molecule should be large enough to be detected experimentally
using either magnetic-:AFM or SQUID magnetometer. Consequently,
the present research suggests a novel approach for single molecule gas
detection, based on local magnetic moment measurements in CNT-NC
hybrid systems [1].
[1] Z. Zanolli, J.-C. Charlier, ACSnano 6 (2012) 10786-10791.

15 min. break

Topical Talk TT 15.5 Mon 12:00 TRE Ma
Insight into Charge Transport in Molecular Junctions from
Ab Initio Theories of Level Alignment — eJEFFREY B. NEATON
— Molecular Foundry, Lawrence Berkeley National Laboratory, Berke-
ley, CA, USA — Department of Physics, University of California,
Berkeley, Berkeley, CA — Kavli Energy Nanosciences Institute, Berke-
ley, CA

Recent scanning tunneling microscope-based break-junction experi-
ments of molecular junctions — devices formed by trapping organic
molecules between macroscopic metallic electrodes — have reported
robust conductance, thermopower, switching behavior, quantum in-
terference effects, spin-filtering phenomena, and even nonlinear effects
such as rectification, establishing such junctions as unique and reveal-
ing windows into the physics of charge transport at the molecular scale.
In this talk, I will summarize a predictive approach to compute and
understand the transport properties of molecular junctions with good
accuracy. Our approach includes important exchange and correlation
effects missing in standard DFT Kohn-Sham junction level alignment,
building on self-energy corrections within a GW approximation. Ad-
vantages and limitations of our approach will be discussed quantita-
tively in the context of a direct comparison with recent photoemission
and transport measurements. I will also describe applications of this
approach to select junctions exhibiting novel trends in conductance,
thermopower, and nonlinear I'V characteristics, where new physical in-
sight is obtained by relating computed transport phenomena to junc-
tion structure and chemistry.

TT 15.6 Mon 12:30 TRE Ma
Towards First-Principles Modeling of Solvent Effects in
Photo-Catalytic Water Splitting — eSTEFAN RINGE, HARALD
OBERHOFER, SEBASTIAN MATERA, and KARSTEN REUTER — Techni-
sche Universitdt Miinchen, Germany

In the context of solar energy conversion the search for new materials
for photo-catalytic water splitting has received new impetus. While in
general powerful, computational screening approaches are struggling
with the complexity of the underlying physical processes at the solid-
liquid interface. Recent work points in particular at the necessity to
include at least an efficient description of solvent screening effects to
compute meaningful descriptors even in simple computational hydro-
gen electrode approaches. To this end, we present an implementation
of the modified Poisson-Boltzmann (MPB) implicit solvation model

in the highly parallel and numerically efficient all-electron DFT code
FHI-aims. Optimally integrating into this code environment, we solve
the MPB equation in a novel approach based on an expansion of the
electrostatic potential in the localized basis functions of FHI-aims. In
contrast to common numerical multi-grid solvers this approach can di-
rectly make use of the optimized integration schemes used to reach
self-consistency and removes the need for numerical interpolation be-
tween different grids. We demonstrate the approach and its efficiency
for a range of molecular test systems, and show first results for catalytic
water splitting on gold nano-clusters.

TT 15.7 Mon 12:45 TRE Ma
Towards a combined QM /MM and implicit solvent descrip-
tion of photoelectrochemical processes — ®MARKUS SINSTEIN!,
DANIEL BERGER!, RAN Jia2, VOLKER BLuM3, HARALD OBERHOFER!,
and KARSTEN REUTER! — !Technische Universitat Miinchen, Ger-
many — 2Jilin University, P.R. China — 3Duke University, USA

Photoelectrochemical systems are widely explored to drive energy-
relevant redox reactions like water splitting or CO32 reduction. The de-
tailed analysis of the involved elementary processes via first-principles
calculations is challenged by the necessity to simultaneously account
for the extended semiconductor photocatalyst and the liquid elec-
trolyte. Especially for charge (proton and/or electron) transfer steps
traditionally employed periodic boundary condition approaches involve
charged supercells with difficult to control finite size errors. To this
end, we present a solid state QM /MM embedding approach, in which
only a finite cluster model of the photocatalyst surface is treated quan-
tum mechanically and the correct Madelung potential of the periodic
system is obtained by embedding into a charge field. For the efficient
modeling of photoelectrochemical processes we combine this approach
with an implicit solvation scheme within the DFT package FHI-aims.
Finally, we also show early test results of the combined QM/MM im-
plicit solvent model.

TT 15.8 Mon 13:00 TRE Ma
Ab-initio Simulation of Molecular Networks on the Surface
of Water — eRALPH KoITZ, MARCELLA IANNUZZI, ARI P SEITSONEN,
and JURG HUTTER — University of Zurich, Zurich, Switzerland

Molecules adsorbed on surfaces play an important role in catalysis, sur-
face science, and nanotechnology. Traditionally, research has focused
on various adsorbates atop metals and metal oxides using computa-
tional and surface-science techniques. More recently, however, it was
demonstrated that ordered monolayer networks can also be formed
on the surface of liquid water by using metal ions to bind together
multidentate precursor molecules. As these assemblies are difficult to
characterize, computational methods can provide valuable insight into
their formation and structure.

In this contribution we present large-scale DFT-based molecular dy-
namics simulations of the formation of a network of tris-terpyridine-
derived molecules (TTPB) on a water slab. In particular, we focus on
the structure of the molecule on the surface, the mechanism of Zn2+t
ion insertion from the solution and the subsequent linking of molecules
into aggregates. We employ the metadynamics method to quantify the
free energy surface of the involved processes. Our results provide de-
tailed insight into on-surface and subsurface diffusion in this system
and chemical reactions of TTPB on the surface of water.
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TT 16: Focus Session: Dynamics, Topology, and Fractionalisation

The “breaking-up” of electronic excitations into fractionalised quasiparticles such as spinons and holons
is one of the most surprising phenomena in the quantum physics of solids. It represents one of the core
concepts of topological and stronlgy correlated electron physics that features even exotic particles such
as magnetic monopoles, Majorana fermions, anyons or emergent gauge fluxes.

Very recently, a number of important theoretical and experimental advances in studying fractionalisation
have been reported. Experimentally a series of model systems has been identified, predominantly by
advanced neutron scattering techniques that offer direct access to the investigation of fractionalised

quasiparticles.

On the theoretical side, it has become possible to describe the real-time dynamics

of such systems in sufficient detail to be predictive for experiment. The dynamical properties provide
thereby information on the entire spectrum of excited states, probing in particular also the fractionalised
quasiparticles. This Focus Session summarizes important recent developments in this field.

Organizers: Roderich Moessner (MPI PKS Dresden), Christian Pfleiderer (TU Miinchen)

Time: Monday 15:00-17:45

Topical Talk TT 16.1 Mon 15:00 HSZ 01
Dynamics in Heisenberg Chains: From Fractional Excita-
tions to New Out-of-Equilibrium States of Matter — eJEAN-
SEBASTIEN CAUX — Institute for Theoretical Physics, University of
Amsterdam, Science Park 904, Postbus 94485, 1090 GL Amsterdam,
The Netherlands

The Heisenberg chain has long been a fertile laboratory for the investi-
gation of strongly-correlated many-body quantum physics. The spin-
1/2 Heisenberg model has been the theoretical paradigm of exactly-
solvable (integrable) systems since Bethe wrote down its wavefunctions
in 1931, but recent years have witnessed much progress on the theo-
retical understanding and experimental observation of its dynamical
properties. This talk will review a number of recent results, focusing
on the characterization and observation of fractional excitations in the
vicinity of the ground state, and on the exotic situations which can oc-
cur when one puts the system strongly out of equilibrium, for example
after a quantum quench.

Topical Talk TT 16.2 Mon 15:30 HSZ 01
Inelastic Neutron Scattering on Candidate Kitaev Com-
pounds — eRADU COLDEA — Clarendon Laboratory, University of
Oxford Physics Department, United Kindom

We explore the spin dynamics in the frustrated honeycomb magnets
NagIrOs [1] and Li2IrOs , candidates to display novel magnetic states
stabilized by the strong spin-orbit coupling at the 5d Ir ions. The-
ory [2] predicts composite spin-orbital J=1/2 moments at the Ir ions
coupled by strongly-anisotropic and bond-directional exchanges, the
so-called Kitaev honeycomb model, which has in its phase diagram
novel magnetically-ordered ordered phases and a quantum spin liquid
with exotic excitations. To search for such physics the experimental
technique of choice is inelastic neutron scattering to probe the spin
dynamics, however this is technically very challenging due to the large
absorption cross-section of neutrons by the Ir nuclei. Using an opti-
mised setup to minimise neutron absorption we have been successful in
observing strongly dispersive spin-wave excitations of the Ir moments
in both compounds and results are compared with predictions for a
Kitaev-Heisenberg model as well as a Heisenberg model with further
neighbour couplings.

[1] S. K. Choi, R. Coldea, A. N. Kolmogorov, T. Lancaster, 1. I. Mazin,
S. J. Blundell, P. G. Radaelli, Yogesh Singh, P. Gegenwart, K. R. Choi,
S.-W. Cheong, P. J. Baker, C. Stock, and J. Taylor, Phys. Rev. Lett.
108, 127204 (2012)

[2] J. Chaloupka, G. Jackeli, and G. Khaliullin, Phys. Rev. Lett. 105,
027204 (2010).

Invited Talk TT 16.3 Mon 16:00 HSZ 01
Dynamics of Majorana Fermions in a Quantum Spin Liquid
— eJoHN CHALKER', JOHANNES KNOLLEZ, DMITRY KOVRIZHIN®, and
RODERICH MOESSNER? — 1Physics Department, Oxford University,
Oxford, UK. — 2Max Planck Institute for Physics of Complex Sys-
tems, Dresden — 3Cavendish Laboratory, Cambridge University, U.K.

The study of spin liquids has been central to advancing our under-
standing of correlated phases of quantum matter ever since Anderson’s
1973 proposal of the resonating valence bond liquid state. However,
detailed theoretical investigations of dynamics in spin liquids are ham-
pered by the lack of suitable approaches, with analytical descriptions
restricted to general features and numerical methods limited to small

Location: HSZ 01

systems sizes, to models with a robust excitation gap, or ones that
avoid the sign problem in quantum Monte Carlo. In this setting the
Kitaev honeycomb model provides a benchmark: it gives an exactly
solvable model in which spins dissolve into new degrees of freedom —
fluxes of a Zs gauge field and Majorana fermions moving in this field
— and is representative of a broad class of systems. I will present re-
sults from a numerically exact calculation of the dynamical structure
factor for this system. These include counter-intuitive manifestations
of quantum number fractionalisation, such as a neutron scattering re-
sponse with a gap even in the presence of gapless excitations, and a
sharp component despite the fractionalisation of electron spin.

(1] J. Knolle, D. L. Kovrizhin, J. T. Chalker, and R. Moessner,
arXiv:1308.4336

15 min. break.

Invited Talk TT 16.4 Mon 16:45 HSZ 01
Molecular Quantum Magnetism in LiZnsMo3Og — eCOLLIN
BrouoLM — Johns Hopkins University, Baltimore, USA

I shall discuss the unusual quantum magnetism of LiZnaMo3Og where
Mo30O13 molecules realize spin-1/2 degrees of freedom on a triangular
lattice and the spin system remains in a quantum fluctuating state
deep into the low temperature regime [1]. Neutron scattering exper-
iments on a powder sample show apparently gapless (A < 0.2 meV)
magnetic excitations extending at least to 2.5 meV [2]. The data are
consistent with a disordered valence bond solid or a resonating valence
bond state involving nearest-neighbor and next-nearest-neighbor spins.
[1] J. P. Sheckelton, J. R. Neilson, D. G. Soltan, and T. M. McQueen,
Nature Mater. 11, 493496 (2012)

[2] M. Mourigal, W. T. Fuhrman, J. P. Sheckelton, A. Wartelle, J. A.
Rodriguez-Rivera, T. M. McQueen, C. L. Broholm, arXiv:1309.1165
(2013).

Topical Talk TT 16.5 Mon 17:15 HSZ 01
Unwinding a Skyrmion Lattice: Emergent Monopoles in Chi-
ral Magnets — eACHIM ROSCH — University of Cologne, Cologne,
Germany

Small magnetic fields and thermal fluctuations stabilize lattices of mag-
netic whirls, so-called skyrmions, in chiral magnets. These skyrmions
are characterized by a topological winding number and couple very ef-
ficiently to electric currents by Berry phases. The effect of these Berry
phases can be described by emergent electromagnetic fields [1].

The skyrmion lattice can be destroyed by a change of magnetic field
[2]. The associated change of the topology of the magnetic structure
has to occur by singular magnetic configurations which act as sources
and sinks of the emergent magnetic flux. Thereby they can be viewed
as emergent magnetic monopols. Combining numerical simulations,
magnetic force microscopy and neutron scattering [2], we investigate
the signatures and the dynamics of a topological first-order phase tran-
sition driven by the creation of monopoles and antimonopoles.

[1] T. Schulz, R. Ritz, A. Bauer, M. Halder, M. Wagner, C. Franz, and
C. Pfleiderer, K. Everschor, M. Garst, and A. Rosch, Nature Physics,
8, 301 (2012).

[2] P. Milde, D. Kéhler, J. Seidel, L. M. Eng, A. Bauer, A. Chacon, J.
Kindervater, S. Miihlbauer, C. Pfleiderer, S. Buhrandt, C. Schiitte, A.
Rosch, Science 340, 1076 (2013).
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TT 17: Superconductivity: Tunnelling, Josephson Junctions, SQUIDs

Time: Monday 15:00-18:30

TT 17.1 Mon 15:00 HSZ 201
Fabrication of a transparent NbAl interface in hybrid Joseph-
son junctions and flux qubits with w-shifters and their low-
temperature measurements. — ®ANASTASIA SHCHERBAKOVA!,
KiriLL FEDOROV?, KIRILL SHULGA3, VALERY RyAazaNov%, ViraLy
Bor’ciNov?, DETLEF BECKMAN®, and ALEXEY V. UsTiNOv!:2® —
IPhysikalisches Institut, Karlsruhe Institut fuer Technologie, D-76131,
Karlsruhe, Germany — 2Walther-MeiBner-Institut, D-85748, Garch-
ing, Germany — 3National University of Science and Technology MI-
SIS, 119049 Moscow, Russian Federation — “Institute of Solid State
Physics, Chernogolovka, 142432 Russian Federation — °RQC, BC
?Ural”, Skolkovo, Moscow region, 143025 Russian Federation

Aluminum-based superconducting flux qubits can be made very com-
pact and employ high-quality Josephson junctions. An external mag-
netic flux need to be applied in order to set the flux qubit to a working
point at minimal frequency. Adding a m-junction to the qubit loop
makes applying the magnetic flux unnecessary, thus removing possi-
ble source of external fluctuations. The conventional fabrication of
m-junctions requires depositing of niobium layers separated by a fer-
romagnet. We report fabrication of composite Al/Nb flux qubits with
Nb/CuNi/Nb junctions embedded in the loop. The m-biased qubits
show the characteristic microwave spectrum shifted by a half of a mag-
netic flux quantum. The reported technological approach opens way
to a variety of quantum circuits employing Nb and Al elements.

TT 17.2 Mon 15:15 HSZ 201
p-Josephson junctions based on current injectors — eROSINA
MENDITTO!, HANNA SICKINGER!, JOHANNES MAXIMILIAN MECKBACHZ,
MICHAEL MERKERZ?, KONSTANTIN ILIN?, MICHAEL SIEGEL?, DIETER
KOLLE!, and REINHOLD KLEINER! — !Physikalisches Institut and
Center vor Collective Quantum Phenomena in LISA+, Universitit
Tibingen, Auf der Morgenstelle 14, D-72076 Tibingen, Germany —
2Institut fiir Mikro- und Nanoelektronische Systeme, Karlsruher Insti-
tut fiir Technologie, Hertzstrasse 16, D-76187 Karlsruhe, Germany

We propose and implement @-Josephson junctions with high critical
current density fabricated using Nb/AlO, /Nb technology. In previous
works we showed that in conventional junctions a 7, or more general
a kK, phase discontinuity can be realized by means of a pair of tiny
current injectors placed in the middle of the junction. Currently, we
introduced two additional pairs of injectors in asymmetric positions,
in order to obtain a y-junction completely tunable electronically. By
controlling the external magnetic field and the current flowing in the
secondary injectors, we are able to investigate several effects: prepa-
ration and readout of the initial state, rearrangements of fractional
vortices, thermal/resonant escape and retrapping of the phase.

TT 17.3 Mon 15:30 HSZ 201
Tuning the ground state of a ¢-Josephson junction with
current injectors — eMATTHIAS ZIMMERMANN, KARL VOGEL, and
WOLFGANG SCHLEICH — Institut fiir Quantenphysik, Universitat Ulm,
D-89069 Ulm

We propose to use a pair of tiny current injectors to control the ground
states of a p-Josephson junction. The system is based on a 0 — 7-
Josephson junction with different lengths of the 0- and m-regions. To
describe this asymmetric system, we use analytic solutions of the Sine-
Gordon equation and apply an external magnetic field as additional
control parameter. As a result we are able to calculate the energy of
the stationary states as a function of the injected current and the ex-
ternal magnetic field. Furthermore, we show that the injected current
can be used to prepare the Josephson junction in one of its doubly
degenerate ground states.

TT 17.4 Mon 15:45 HSZ 201
Hybrid superconducting magnetic tunnel junctions: Coex-
istence of TMR and Josephson effects — eONDREJ VAVRA:2,
RouiT SoN1?2, Nico RUPPELT2, ADRIAN PETRARU2, HERMANN
KOHLSTEDT?, and CHRISTOPH STRUNK! — !Institute for Experimental
and Applied Physics, University of Regensburg, D-93040 Regensburg,
Germany — 2Nanoelektronik, Technical Faculty, University of Kiel,
D-24143 Kiel, Germany

We report on the latest results observed on hybrid superconduct-
ing SFIFS Josephson junctions with ferromagnet thickness-wedge (F).

Location: HSZ 201

The Nb-Fe-AlaO3-Fe-Nb junctions were deposited by means of dc-
magnetron sputtering technique. Junctions exhibit both Josephson
effect and tunneling magnetoresistance (TMR) effect. Fraunhofer mag-
netic field dependence of the critical current I (B) proves the homo-
geneity of the barrier over the 4 inch wafer. The properties of the junc-
tions such as I, normal conductance G, and the tunneling magne-
toresistance (TMR), respectively, strongly dependent on the oxidation
parameters of the barrier (A1203). The different thickness of inter-
mediate Al gives rise to the over- or under-oxidation, resulting in the
Nb-Fe-Fe*-AloO3-Fe-Nb or the Nb-Fe-Al-AloOs-Fe-Nb, respectively.
The layers denoted as Fe* (by oxygen affected Fe) and Al (residual
Al layer underlying the Al2O3) are considered as parasitic since they
suppress TMR. The impact of different thickness of both ferromag-
netic layers dr on density of states, TMR and Josephson effect will be
presented too.

TT 17.5 Mon 16:00 HSZ 201

Bicrystal Grain Boundary Junctions of P-doped and Co
doped Ba-122 Thin Films — eSTEFAN SCHMIDT!, SEBASTIAN
DORING!, FRANK ScHMIDL!, VOLKER TYMPEL!, FriTZ KURTH?Z, KAZU-
MASA I1DA2, BERNHARD HOLZAPFEL?, TAKAHIKO KAWAGUCHI®, YA-
SUHIRO MoR1®, HirosHI IKUTA®, and PAUL SEIDEL! — !Friedrich-
Schiller-University Jena, Institute of Solid State Physics, Jena, Ger-
many — 2IFW Dresden, Institute for Metallic Materials, Dresden,
Germany — 3Nagoya University, Department of Crystalline Materials
Science, Nagoya, Japan
We prepared grain boundary (GB) junctions of BaFea(As.66P0.34)2
thin films on bicrystal [001]-tilt LSAT and MgO substrates with GB
angles of # = 45°. The junctions show clear Josephson effects and
distinct Shapiro steps under microwave irradiation. Electrical charac-
terization shows symmetric I-V characteristics which can be described
with a combination of flux-flow behavior and the resistively shunted
junction (RSJ) model. A large excess current I¢z is observed. Their
formal IcRx product is up to 50 pV at 4.2 K, which is decreased to
11 4V when taking Iz into account. Additionally, measurements on
GB junctions of Fe-buffered Ba(Feg.9Cog.1)2As2 thin films on STO
bicrystal substrates (§ = 30°) are shown for comparison. Their asym-
metric RSJ behavior exhibits a formal IcR product of 20 ©V, whereas
the excess corrected value is 6.5 V.

This work was partially supported by DFG under project no. SE
664/15-1, the EU under project no. FP7-283141 (IRON-SEA), and
the Landesgraduiertenféorderung Thiiringen.

TT 17.6 Mon 16:15 HSZ 201
Planar hybrid Josephson junctions with BaFes_,Co,Ass base
electrode and a conventional Pb counter electrode using
barriers from Au and TiO, — eSEBASTIAN DORING!, STEFAN
ScHMIDT!, MANUEL MONECKE!, VOLKER TYMPEL!, FRANK SCHMIDL!,
Frirz Kurtn?, Kazumasa Iipa?, INGOLF MONcH?, BERNHARD
HovrzapreL??, and PauL SEIDEL! — lFriedrich-Schiller-Universitét
Jena, Institut fiir Festkorperphysik, Helmholtzweg 5, 07743 Jena —
2IFW Dresden, Institut fiir Metallische Werkstoffe, Helmholtzstrafle
20, 01069 Dresden — 3IFW Dresden, Institut fiir Integrative Nanowis-
senschaften, Helmholtzstrafie 20, 01069 Dresden — 4Karlsruhe In-
stitute of Technology, Institut fiir Technische Physik, Hermann-von-
Helmholtz-Platz 1, 76344 Eggenstein-Leopoldshafen

We prepared Josephson junctions from BaFey_;CozAsg thin films us-
ing photolithography and ion beam etching to pattern the base elec-
trode and sputtering of SiOg for the preparation of insulation frame-
works. The counter electrode was made from thermally evaporated
lead in-situ covered by indium to avoid degradation. As barriers we
use sputtered gold layers or additional layers from sputtered and subse-
quently oxidized titanium, respectively. While for the pure gold barrier
we reached an I.Ry-product of about 18 4V it could be increased to
90 1V using the additional TiO, layer. The current noise behavior and
microwave response of the Josephson junctions could be improved, too.

15 min. break.

TT 17.7 Mon 16:45 HSZ 201

Coherent terahertz emission from BizSroCaCu20Og intrinsic
Josephson junction stacks — eFaBIAN Rupaul, Boris GRoss!,
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DEYUE AN23 NickoLay KINev?, XIANJNG ZHOUZ?, MIN Ji%3,
YA HuaNG2, TAkEsHI HATANO3, ROMAN MiNTS®, PEIHENG WUZ,
VALERY KOSHELETS?, HUABING WANG?2:3, DIETER KOELLE!, and REIN-
HorLd KLEINER! — 1Physikalisches Institut, Universitit Tiibingen
— Z2Institute of Superconductor Electronics, Nanjing University —
3National Institute for Materials Science, Tsukuba — *Kotel'nikov
Institute of Radio Engineering and Electronics, Moscow — ®School of
Physics and Astronomy, Tel Aviv University

Josephson Junctions (JJs) offer a natural way to convert a dc voltage
into high-frequency electromagnetic radiation. In the high-transition
temperature superconductor BizSraoCaCu20Og JJs form intrinsically,
allowing to fabricate stacks of hundreds of junctions easily. Such arrays
are promising candidates to be used as generators of electromagnetic
waves in the terahertz regime. Ranging from 0.4 to 1 THz, coherent
radiation has been detected from large, rectangular BisSroCaCu20sg
mesa structures, producing several tens of microwatt in power. The
mesas are believed to work as a cavity for electromagnetic standing
waves, synchronizing all the junctions in the stack. We report on the in-
vestigation of the heat distribution and electromagnetic standing waves
in such mesa structures, as well as the generation of terahertz radia-
tion, using a combination of transport measurements, direct radiation
detection, low temperature scanning laser microscopy and computer
assisted modelling.

TT 17.8 Mon 17:00 HSZ 201
Quantum Brownian motion in an oscillating tilted peri-
odic potential: application to a Josephson junction un-
der microwave irradiation in the dual regime — eANGELO
D1 MaARrco!, GiaNLucA RASTELLIZ, and FRANK W. J. HEKKING! —
ILPMMC-CNRS, Université Joseph Fourier, 25 Avenue des Martyrs
BP166 38042, Grenoble Cedex, France — 2Zukunftskolleg, Fachbereich
Physik, Universitat Konstanz, D-78457, Konstanz, Germany

We study a current-biased Josephson junction in the presence of an
applied microwave field and influenced by an external electromagnetic
environment. This problem can be mapped onto the one of a quantum
Brownian particle moving in a tilted periodic potential under the effect
of an oscillating force. We focus on the regime where the junction’s
Josephson energy E; dominates its charging energy E¢. In this case,
it is the dynamics of the so-called quasi-charge that accounts for the
current-voltage characteristic of the junction. Using a full quantum
approach, we study numerically and analytically the I-V curve at low
temperature. In particular, we analyze the role of the quantum fluc-
tuations on the theoretically expected Shapiro steps for current. We
compare our results with the one based on a classical approach for the
dynamics of the quasi-charge.

TT 17.9 Mon 17:15 HSZ 201
Coherent radiation from the fractional Josephson effect —
oCHRISTOPH OHM and FABIAN HASSLER — Institut fiir Quanteninfor-
mation, RWTH Aachen

At a Josephson junction between two topological superconductors sin-
gle electrons are transported coherently between the two superconduct-
ing reservoirs. This effect is known as the fractional Josephson effect.
It has been shown that a voltage-biased fractional Josephson junction
produces radiation at a frequency that is half of the ordinary Josephson
frequency. We study the coherence properties of this unconventional
Josephson radiation including phase- and frequency-fluctuations. We
show that the coherence time of the emitted radiation is dominated by
quasi-particle poisoning. In addition, we discuss the fermionic parity
constraint as well as pinning of the Josephson frequency in terms of
second order correlation functions between radiation fields from differ-
ent emitters.

TT 17.10 Mon 17:30 HSZ 201
Long Range Triplet Josephson Current and 0—7 Transition in
Tunable Domain Walls — TuoMas E. BAKER!2, ADaM C. RICHIE-
HALFORD!'3, and e ANDREAS BILL! — 1Dept. of Physics & Astronomy,
California State University, Long Beach, CA 90840, USA — 2Dept.
of Physics & Astronomy, University of California, Irvine, CA 92697,
USA — 3Department of Physics, University of Washington, Seattle,
WA 98195, USA

The order parameter of superconducting pairs penetrating an inhomo-
geneous magnetic material can acquire a long range triplet component

(LRTC) with non-zero spin projection of the pairs (S, = +1). This
state has been predicted and generated recently in proximity systems
and Josephson junctions. We show using an analytically derived do-
main wall of an exchange spring how the LRTC emerges and can be
tuned with the twisting of the magnetization [1]. We also introduce
a new kind of Josephson current reversal, the triplet 0 — 7 transition,
that can be observed in one and the same system either by tuning
the domain wall or by varying temperature. Finally, we show how the
LRTC may be manipulated to produce a singlet current and how it
can be observed in a superconducting-magnetic multilayer.

We gratefully acknowledge the support of the National Science Foun-
dation (DMR-0907242), the Army Research Laboratory and the Re-
search Corporation.

[1] T.E. Baker, A. Richie-Halford, and A. Bill, arXiv:1310.6632

TT 17.11 Mon 17:45 HSZ 201
Quantum transport signatures of chiral edge states in
SroRuO,; — eRAKESH Tiwari', W BeLzic?, M SiGrist®, and C
BRUDER! — lDepartment of Physics, University of Basel, Klin-

gelbergstrasse 82, CH-4056 Basel, Switzerland — 2Department of
Physics, University of Konstanz, D-78457 Konstanz, Germany —
3Theoretical Physics, ETH Zurich, CH-8093 Zurich, Switzerland

We investigate transport properties of a double quantum dot based
Cooper pair splitter, where the superconducting lead consists of
SragRuOy4. The proposed device can be used to explore the symme-
try of the superconducting order parameter in SroRuO4 by testing the
presence of gapless chiral edge states, which are predicted to exist if the
bulk superconductor is described by a chiral p—wave state. The odd
orbital symmetry of the bulk order parameter ensures that we can re-
alize a regime where the electrons tunneling into the double dot system
come from the chiral edge states and thereby leave their signature in
the conductance. The proposed Cooper pair splitter has the potential
to probe order parameters in unconventional superconductors.

TT 17.12 Mon 18:00 HSZ 201
Quasiperiodicity and revivals in dynamics of quantum phase
slips in Josephson junction chains and superconducting
nanowires — ®GIANLUCA RASTELLI'™3, MIHAJLO VANEVIC?, and
WOLFGANG BELZIG? — 1Zukunftskolleg, Universitit Konstanz, Ger-
many — 2Department of Physics, University of Belgrade, Serbia —
3Fachbereich Physik, Universitit Konstanz, Germany

Quantum phase slips in superconducting loops threaded by an exter-
nal magnetic field provide a coupling between macroscopic quantum
states with supercurrents circulating in opposite directions. We ana-
lyze dynamics of the phase slips as a function of the superconducting
loop length, from fully coherent dynamics for short loops to dissipative
dynamics for the long ones. For intermediate lengths of the supercon-
ducting loop, we find that the phase slips are coupled to a discrete bath
of oscillators with frequencies comparable to the phase-slip amplitude.
This gives rise to a quasi-periodic dynamics of the phase slips which
manifests itself as a decay of oscillations between the two counterprop-
agating current states at short times, followed by oscillation revivals
at later times. We analyze possible experimental implications of this
non-adiabatic regime in Josephson junction chains and superconduct-
ing nanowires.

TT 17.13 Mon 18:15 HSZ 201
Correlated transport through junction arrays in the small
Josephson energy limit: incoherent Cooper-pairs and hot
electrons — JARED COLE!, JuHA LEPPAKANGASZ?, and eMICHAEL
MARTHALER® — !Chemical and Quantum Physics, RMIT Univer-
sity, Melbourne — 2Department of Microtechnology and Nanoscience,
Chalmers University of Technology — 3Institut fiir Theoretische
Festkorperphysik, KIT, Karlsruhe

We study correlated transport in a Josephson junction array for small
Josephson energies. In this regime transport is dominated by Cooper-
pair hopping, although we observe that quasiparticles can not be ne-
glected. We assume that the energy dissipated by a Cooper-pair is
absorbed by the intrinsic impedance of the array. This allows us to
formulate explicit Cooper-pair hopping rates without adding any pa-
rameters to the system. We show that the current is correlated and
crucially, these correlations rely fundamentally on the interplay be-
tween the Cooper-pairs and equilibrium quasiparticles.



Low Temperature Physics Division (TT)

Monday

TT 18: Transport: Fluctuations and Noise

Time: Monday 15:00-16:00

TT 18.1 Mon 15:00 HSZ 204
Energy noise in a voltage-driven quantum point contact —
eFEDERICA HAUPT, FRANCESCA BATTISTA, and JANINE SPLETTSTOSSER
— Institut fiir Theorie der Statistischen Physik, RWTH Aachen, Ger-
many

Single electron sources are of key importance in research fields such
as metrology and quantum electron optics [1]. Ideally, these time-
periodically driven devices emit a controlled number of particles in
each driving period. This is predicted to be reached when applying a
series of Lorentzian-shaped pulses to the conductor [2]. In experimen-
tal realisations, the shot noise provides a tool to measure the precision
with which particles are emitted. In particular, it is sensitive to extra
electron-hole excitations induced by the driving itself [3,4].

In order to complement the investigations on the electron-hole pair
creation based on the study of charge transport [5,6], we address the
energy transport properties of a quantum point contact subject to a
periodic driving. In particular, we discuss features of the driving in the
energy current and the low-frequency energy noise, and show that the
latter carries detailed informations on the energetics of the particle-like
excitations transmitted through the conductor [7].

[1] J. P. Pekola et al., arxiv:1208.4030 (2012)

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

[3] J. Gabelli and B. Reulet, Phys. Rev. B 87, 075403 (2013)

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

[5] M. Vanevic Y. V. Nazarov, and W. Belzig, Phys. Rev. Lett. 99,
076601 (2007)

[6] M. Vanevic and W. Belzig, Phys. Rev. B 86, 241306 (2012)

[7] F. Battista, F. Haupt, J. Splesttoesser, in preparation.

TT 18.2 Mon 15:15 HSZ 204
Non-Gaussian noise- and plasmon-assisted over-bias light
emission from tunnel contacts — eFEI XU, CECILIA HOLMQVIST,
and WOLFGANG BELZIG — Fachbereich Physik, Universitdt Konstanz,
Konstanz, Germany

Understanding tunneling from an atomically sharp tip to a metallic
surface requires to account for interactions on a nanoscopic scale. In-
elastic tunneling of electrons gives rise to the emission of photons,
whose energies should intuitively be limited by the applied bias voltage
eV. However, experiments [1,2] indicate that more complex processes
involving the interaction of electrons with plasmons lead to photon
emission with over-bias energies. We propose a model of this observa-
tion in analogy to the dynamical Coulomb blockade, originally devel-
oped to treat the electronic environment in mesoscopic circuits. We
explain the experimental finding quantitatively by correlated tunnel-
ing of two electrons interacting with an RCL circuit to model the local
plasmon mode. We show that the non-Gaussian statistics of the tun-
neling dynamics of the electrons is essential to describe the over bias
emission .

[1] G. Schull et al., PRL 102, 057401 (2009)

Location: HSZ 204

[2] N. L. Schneider et al., PRL 105, 026601 (2010)

TT 18.3 Mon 15:30 HSZ 204
Inverse counting statistics for stochastic and open quantum
systems: the characteristic polynomial approach — eMARTIN
BRUDERER!, DEBORA CONTRERAS-PULIDO!, MAXIMILIAN THALLERZ,
Lucia SIRONI®, DANAIL OBRESCHKOW?, and MARTIN B. PLENIO!
— lInstitut fiir Theoretische Physik, Universitat Ulm, Germany —
2Fachbereich Physik, Universitit Konstanz, Germany — 3Department
of Biology, Universitit Konstanz, Germany — 4University of Western
Australia, ICRAR, Crawley, Australia

We consider stochastic and open quantum systems with a finite num-
ber of states, where a stochastic transition between two specific states
is monitored by a detector. The long-time counting statistics of the
observed realizations of the transition, parametrized by cumulants, is
the only available information about the system. We present an an-
alytical method for reconstructing generators of the time evolution
of the system compatible with the observations. Moreover, we pro-
pose cumulant-based criteria for testing the non-classicality and non-
Markovianity of the time evolution, and lower bounds for the system
dimension. Our analytical results rely on the close connection between
the cumulants of the counting statistics and the characteristic polyno-
mial of the generator, which takes the role of the cumulant generating
function.

(1] M. Bruderer et al., arXiv:1311.2673

TT 18.4 Mon 15:45 HSZ 204
Floquet Theory of Electron Waiting Times in Quantum-
Coherent Conductors — eDAVID DASENBROOK, CHRISTIAN FLINDT,
and MARKUS BUTTIKER — Département de Physique Théorique, Uni-
versité de Geneve, 1211 Geneve, Switzerland

The distribution of waiting times between charge detection events has
recently gained some interest in theoretical mesoscopic physics. As an
alternative to full counting statistics (FCS), which is typically eval-
uated in the long time limit, it allows for a complementary charac-
terization of electron transport on short and intermediate time scales.
Waiting time distributions (WTD) can be used as a tool to investigate
the interplay between extrinsic and intrinsic time scales in periodically
driven systems.

However, while there have been results on waiting times in classical
driven systems, a formalism for WTDs in phase coherent systems with
an external time-dependence has so far been lacking. We present such
a formalism for one-dimensional non-interacting systems based on a
Floquet scattering approach.

We demonstrate the usefulness of our formalism by means of two ex-
amples: a quantum point contact (QPC) whose transmission is weakly
and slowly modulated and the application of Lorentzian voltage pulses
of integer charge to an ideal conductor.

TT 19: Transport: Quantum Dots, Quantum Wires, Point Contacts |l (organized by TT)

Time: Monday 16:00-18:30

TT 19.1 Mon 16:00 HSZ 204
A two-atom electron pump — BENOIT ROCHE!, ROMAN-PASCAL
Riwar!, BENOIT VoIsIN!, EvA DUPONT-FERRIER!, ROMAIN WAQUEZ3,
MAUD VINET?, MARC SANQUER!, eJANINE SPLETTSTOESSER?, and
XAVIER JEHL! — 1SPSMS, UMR-E, CEA Grenoble, INAC, Greno-
ble, France — 2MC2, Chalmers University of Technology, Géteborg,
Sweden — 3CEA, LETI, MINATEC, Grenoble, France

In recent years there has been a lot of interest in time-dependently
driven quantum systems, such as quantum-dot pumps, both in the adi-
abatic regime of slow driving as well as in the high-frequency regime.
However, all experiments so far were carried out in either one of these
regimes, but were not subsequently tuned to both. I will present an
experimental realization [1] of electron pumping through two phospho-
rus donors in series implanted in a silicon nanowire. While quantized
pumping is achieved in the low-frequency adiabatic regime, remarkable
features are observed at higher frequency, when the charge transfer is

Location: HSZ 204

limited either by the tunnelling rates to the electrodes or between the
two donors. We model the transitions between quantum states in-
volving a Landau-Zener transition, allowing to reproduce in detail the
characteristic signatures observed in the non-adiabatic regime. Inter-
estingly, the breakdown of the adiabatic limit can thus accurately be
associated to the relation of the respective time-scales of tunneling to
the electrodes or between the donors, compared to the time-scales of
the driving. Consequently, information on the time-scales can be ex-
tracted from a detailed inspection of the pumping signal.

(1] B. Roche, et al., Nat. Commun. 4, 1581 (2013)

TT 19.2 Mon 16:15 HSZ 204
Functional renormalization group in Floquet space and its ap-
plication to periodically driven quantum dots — eKATHARINA
Eissingb2, STEFAN GOTTELD2, DANTE MARVIN KENNES!:2, and
VOLKER MEDEND2 — lnstitut fiir Theorie der Statistischen Physik,
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RWTH Aachen University, 52074 Aachen, Germany — 2JARA Fun-
damentals of Future Information Technology, 52056 Aachen, Germany

The functional renormalization group (RG) was recently extended to
study interacting, low-dimensional systems out of equilibrium. This in-
cludes correlated quantum dot setups with explicitly time-dependent
Hamiltonians as e.g. realized in quantum quenches or in the presence
of time-dependent bias voltages [Phys. Rev. B 85, 085113 (2012),
Phys. Rev. B 85, 245101 (2012)]. However, following this route peri-
odic pumping processes, which are of particular interest in e.g. nano-
electronics and quantum information science, can only be described in
an inefficient way. Taking advantage of the periodicity, we combine
the Floquet theorem with the functional RG. This allows us to trans-
form the double-time self-energy and Green functions in the Floquet
basis [J. Phys.: Condens. Matter 20 085224] and the functional RG
treatment resembles the stationary formalism. This makes it feasi-
ble to study transport in periodically driven systems. In my talk, I
will shortly introduce this Floquet theorem based functional RG and
present first results on transport through a quantum dot described by
the interacting resonant level model.

TT 19.3 Mon 16:30 HSZ 204
Interplay of edge state polarization and a Zeeman split quan-
tum dot — eBENEDIKT PROBST!, PAULI VIRTANEN?, and PATRIK
RECHER! — lInstitute for Mathematical Physics, TU Braunschweig,
Braunschweig, Germany — 20.V. Lounasmaa Laboratory, Aalto Uni-
versity, Finland

Topological insulators are a novel state of matter showing interesting
physics. One of the effects realized in these materials is the quantum
spin Hall effect in which electrons with different spin propagate in dif-
ferent directions on the edge of the system. Applying a bias to the
system therefore leads to a spin bias for the edge state. We consider
a system in which a quantum dot in the Coulomb blockade regime is
attached to a helical Luttinger liquid. This quantum dot is treated
as a localized spin, which can be manipulated by a magnetic field.
The dynamics of the dots are described by setting up a general master
equation. From the steady state of the system the polarization of the
dot and the differential edge conductance is calculated. We discuss
a regime in which the dot polarization exhibits a strong bias depen-
dence and a regime in which the transport shows a characteristic bias
asymmetry which allows to identify the relative orientation of the spin
polarization in the edge state with respect to the magnetic field.

15 min. break.

TT 19.4 Mon 17:00 HSZ 204
Entanglement detection in an interacting beam-splitter de-
vice — ®ALEXANDER SCHROER', BERND BRAUNECKER?, ALFREDO
LEVY YEYATI®, and PATRIK RECHER! — !Institute for Mathematical
Physics, TU Braunschweig, Germany — 2Department of Theoretical
Condensed Matter Physics, Universidad Auténoma de Madrid, Spain
— 3School of Physics & Astronomy, University of St Andrews, UK

We investigate a tunnel contact between two Luttinger liquids, e.g. re-
alized as two crossed one-dimensional nanowires. When injecting one
of two electrons with opposite spin in each wire, the current measured
behind the crossing differs for singlet, triplet or product states. This
is an apparent non-Fermi liquid feature because the current has been
shown to be independent of spin-entanglement for Fermi liquid beam-
splitters before. It can be understood in terms of collective excita-
tions and by taking spin-charge separation into account. This behavior
may offer an easier alternative to traditional entanglement detection
schemes based on current noise, which turns out to be suppressed by
the electron-electron interaction.

TT 19.5 Mon 17:15 HSZ 204
Hierarchical Equation of Motion Investigation of Decoher-
ence and Relaxation Dynamics in Nonequilibrium Transport
through Interacting Quantum Dots — eRAINER HARTLE!2, GUY
CoHEN®, DAVID R. REICHMAN?, and ANDREW J. MILLIs? — lInstitut
fur theoretische Physik, Georg-August-Universitat Gottingen, Gottin-
gen, Germany — 2Department of Physics, Columbia Universtiy, New
York, USA — 3Department of Chemistry, Columbia Universtiy, New
York, USA

A recently developed hierarchical quantum master equation approach
[1,2] is used to investigate nonequilibrium electron transport through
an interacting double quantum dot system in the regime where the
inter-dot coupling is weaker than the coupling to the electrodes. The

corresponding eigenstates provide tunneling paths that may interfere
constructively or destructively, depending on the energy of the tunnel-
ing electrons [3]. Electron-electron interactions are shown to quench
these interference effects in bias-voltage dependent ways, leading, in
particular, to negative differential resistance, population inversion and
an enhanced broadening of resonances in the respective transport char-
acteristics [2]. Relaxation times are found to be very long, and to be
correlated with very slow dynamics of the inter-dot coherences. The
ability of the hierarchical quantum master equation approach to access
very long time scales is crucial for the study of this physics.

(1] J. Jin et al., J. Chem. Phys. 128, 234703 (2008).

(2] R. Hértle et al., arXiv:1309.1170 (2013)

[3] R. Hartle et al., Phys. Rev. B 87, 085422 (2013)

TT 19.6 Mon 17:30 HSZ 204
Detection of the decay rates in interacting quantum dots —
eJENS SCHULENBORG!2, L. DEBORA CONTRERAS- PULIDO3, MICHELE
GOVERNALE*, and JANINE SPLETTSTOESSER'2 — !Department of Mi-
crotechnology and Nanoscience (MC2), Chalmers University of Tech-
nology, Géteborg, Sweden — 2Institut fiir Theorie der Statistischen
Physik, RWTH Aachen University, Germany — 2Institut fiir Theo-
retische Physik, Universitiat Ulm, Germany — 4School of Physical and
Chemical Sciences, Victoria University of Wellington, New Zealand

Over the past years, potential applications in nanoelectronics, metrol-
ogy and quantum information sparked great interest in studying the
dynamics of time-dependently driven quantum dots. Recently, the re-
laxation rates in the dynamical response of an interacting single-level
quantum dot, weakly tunnel coupled to an electronic reservoir and
brought out of equilibrium by a step pulse, have been investigated [1].
This theoretical work focuses on the readout of these relaxation rates
with a capacitively coupled sensor quantum dot (SQD). Using a gen-
eralized master equation approach for the combined system of dot and
SQD, we investigate the measurability of the dot relaxation behavior
via the SQD current, especially accounting for back-action effects.
Our results reveal parameter regimes in which back-action leads to
a decrease of the dot decay rates and to a mixing of relaxation modes
that decay independently in the absence of a measurement. However,
avoiding these regimes, we show that the original dot rates can still be
extracted from the SQD current.
[1] L. D. Contreras-Pulido et al., Phys. Rev. B 85, 075301 (2012).

TT 19.7 Mon 17:45 HSZ 204
Hybrid Microwave Cavity Heat Engine — CHRISTIAN
BERGENFELDT!, PETER SAMUELSSON', eBJORN SOTHMANNZ, CHRIS-
TIAN FLINDT?, and MARKUS BUTTIKER? — !Physics Department,
Lund University, Box 118, SE-22100 Lund, Sweden — ?Département
de Physique Théorique, Université de Geneve, CH-1211 Geneve 4,
Switzerland

‘We propose and analyze the use of hybrid microwave cavities as quan-
tum heat engines. A possible realization consists of two macroscop-
ically separated quantum dot conductors coupled capacitively to the
fundamental mode of a microwave cavity. We demonstrate that an
electrical current can be induced in one conductor through cavity-
mediated processes by heating up the other conductor. The heat en-
gine can reach Carnot efficiency with optimal conversion of heat to
work. When the system delivers the maximum power, the efficiency
can be a large fraction of the Carnot efficiency. The heat engine func-
tions even with moderate electronic relaxation and dephasing in the
quantum dots. We provide detailed estimates for the electrical current
and output power using realistic parameters.

[1] C. Bergenfeldt, P. Samuelsson, B. Sothmann, C. Flindt and M.
Biittiker, arXiv:1307.4833v1 (2013).

TT 19.8 Mon 18:00 HSZ 204
Vibration-induced thermoelectric effects in quantum dots —
oMATTI LAAKSO and VOLKER MEDEN — Institut fiir Theorie der Statis-
tischen Physik, RWTH Aachen, Aachen, Germany

We study the thermoelectric transport through a quantum dot cou-
pled to a single vibrational mode described by the Anderson-Holstein
model. We use analytical methods in the linear response regime as
well as the functional renormalization group (FRG) in the non-linear
regime. We predict relatively large thermoelectric effects in the param-
eter regime where the phonon-mediated electron-electron interaction
dominates over the bare Coulomb repulsion.

TT 19.9 Mon 18:15 HSZ 204

Superexchange transport and blockade in triple quan-
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tum dots — eRAFAEL SANCHEz!, GHISLAIN GRANGER?, FER-
NANDO GALLEGO-MARCOS!, SERGEI A. STUDENIKIN?, ANDREW S.
SACHRAJDAZ, and GLORIA PLATERO! — lInstituto de Ciencia de Mate-
riales de Madrid, CSIC, E-28049 Madrid, Spain — 2National Research
Council Canada, Ottawa, ON K1A 0R6 Canada

We present recent experimental evidence of long range transport in
triple quantum dots. Superexchange is responsible for the spin-
dependent indirect coupling of the two outer quantum dots, mediated
by virtual transitions through the middle one. They are manifested in
the form of sharp current resonances at the degeneracy points of states
with left-right symmetric charge distributions [1,2]. The transition can
take two paths: two electrons in different dots tunnel simultaneously

[1] or a single electron tunnels twice [2].

We analyze a configuration where the two paths with different vir-
tual intermediate states are possible and lead to quantum interference.
Remarkably, we find conditions where the destructive interference of
these transitions completely cancels the transport, what we call su-
perexchange blockade [3]. Spin correlations play an essential role by
avoiding certain transitions. This effect, known as spin blockade, leads
to the suppression of certain resonances whose observation gives a mea-
sure of spin decoherence times.

[1] M. Busl et al., Nature Nanotech. 8, 261 (2013).
[2] R. Sénchez et al., submitted.
[3] R. Sénchez, F. Gallego-Marcos and G. Platero, submitted.

TT 20: Correlated Electrons: Spin Systems and Itinerant Magnets - Frustrated Magnets Il

Time: Monday 15:00-18:00

TT 20.1 Mon 15:00 HSZ 304
Magnetic properties of VOMoO,; and LixVOSiOy: an
LDA4+DMFT study — eAMIN KIANI and EvA PAVARINI — Insti-
tute for Advanced Simulation, Forschungszentrum Jiilich, 52425 Jiilich,
Germany

By using the local density approximation+dynamical mean field the-
ory and local vertex approximation we calculate the static magnetic
response function overall the Brillouin zone for the two highly corre-
lated materials VOMoO4 and LisVOSiO4. We show that the vertex
function is crucial to understand the magnetic properties. From the
qg—dependent spin susceptibility we identify the magnetic instabili-
ties related to anti-ferromagnetic and collinear order for VOMoO4 and
LioVOSiOy, respectively. Furthermore we determine the local mag-
netic moment and the Neel temperature from the high temperature
uniform magnetic susceptibility. We also investigate the role of the
magnetic coupling in the third dimension.

TT 20.2 Mon 15:15 HSZ 304
Magnetic anisotropies in the Ising spin-chain compound
BaCo3V20s3 and the effect of substitution — eSANDRA NIESEN!,
GERHARD KOLLAND!, MICHAEL SEHER!, OLIVER BREUNIG!, MARTIN
VALLDOR!, MARKUS BRADEN!, BEATRICE GRENIERZ, and THOMAS
LoreNz! — MI. Phys. Institut, Universitat zu Kéln — 2SPSMS, CEA-
INAC/UJF-Grenoble, France

The effective Ising spin-1/2 system BaCo2V2Og consists of CoOg oc-
tahedra that form screw chains along the ¢ axis. Long-range anti-
ferromagnetic order is observed below TN = 5.5 K in zero magnetic
field with the spins aligned along c. Within the ab plane the spin
arrangement is known to be frustrated with a ferromagnetic align-
ment of neighbouring spins along [100] and an antiferromagnetic one
along [010]. Our zero field thermal expansion data show that the Néel
order is accompanied by a structural transition from tetragonal to or-
thorhombic, which lifts the magnetic frustration [1]. Consequently, the
magnetic-field influence is anisotropic within the ab plane as seen in,
e.g. measurements of the magnetization, thermal expansion, specific
heat, and thermal conductivity. A detailed study of this anisotropy
and the resulting magnetic phase diagrams will be presented. In addi-
tion, we will discuss the influence of partial substitution of Ba by Sr
and of Co by either magnetic or nonmagnetic ions.

This work has been supported by the DFG via SFB 608 and through
the Institutional Strategy of the University of Cologne within the Ger-
man Excellence Initiative.

[1] S. Niesen et al., PRB 87, 224413 (2013)

TT 20.3 Mon 15:30 HSZ 304
Spin-lattice coupling in the frustrated S=1/2 compound
Cu7;TegO18F2 — VLADIMIR GNEZDILOVY2, @ PETER LEMMENS!, AZAT
SHARAFEEV!, ANGELA MOLLER®, SHicHA0 Hu? und MATs JOHNSSON%
— 1IPKM, TU-BS, Braunschweig — 2ILTPE NAS, Ukraine — 3Dept.
Chem., Univ., Houston, USA — 4DMEC, Stockholm, Sweden

We present a Raman scattering study of the novel spin-frustrated
S=1/2 compound Cu7TegO18F2. The phonons of this compound dis-
play evidence for strong spin-lattice coupling. Furthermore, there exists
a broad magnetic scattering continuum that markedly changes with the
onset of long-range ordering. Work supported by DFG and B-IGSM.

TT 20.4 Mon 15:45 HSZ 304

Location: HSZ 304

The 2D Shastry-Sutherland model and SrCu3(BO3)2 in
Magnetic Fields up to 118T — eANDREAS HONECKER!,
PuILIPPE CORBOZ2, FREDERIC MILA%, HONGYU YANG?, SALVATORE
R. MaANMANA!, Kar P. Scumipt?, GREGOR R. FoLTIN*, HIROSHI
KAGEYAMAS, Nozomu ABE®, SHOJIRO TAKEYAMA®, and YASUHIRO
Matsupa® — 1Georg-August-Universitit Gottingen, Germany —
2ETH Ziirich, Switzerland — 3Ecole Polytechnique Fédérale de Lau-
sanne, Switzerland — 4TU Dortmund, Germany — ?Kyoto University,
Japan — SISSP, University of Tokyo, Japan

The magnetization process of the orthogonal-dimer antiferromagnet
SrCuz(BO3)2 is investigated in high magnetic fields of up to 118T. A
1/2 plateau is clearly observed in the field range 84 to 108T in addition
to 1/3, 1/4, and 1/8 plateaux at lower fields. Using a combination of
state-of-the-art numerical simulations, the main features of the high-
field magnetization curve are shown to agree quantitatively with the
Shastry-Sutherland model for a ratio of inter- to intra-dimer exchange
interactions J'/J = 0.63. It is further predicted that the intermediate
phase between the 1/3 and 1/2 plateau consists of a 1/3 supersolid
followed by a non-plateau 2/5 supersolid. As a byproduct, we obtain
estimates for the boundaries of a zero-field plaquette phase based on
exact diagonalization with up to N = 40 sites.

TT 20.5 Mon 16:00 HSZ 304
NMR on the Frustrated Spin-chain Compound
PbCuSO4(0OH); - Linarite — oM. ScuiAPERs!, A. U. B. WOLTER!,
B. WILLENBERG??, S.-L. DRECHSLER!, H. ROSNER?, S. SULLOW?, and
B. BUcHNER! — Leibniz-Institut IFW Dresden, Dresden, Germany
— 2HZB, Berlin, Germany — 3MPI CPfS, Dresden, Germany —
4IPKM, TU Braunschweig, Braunschweig, Germany

We present an extensive microscopic magnetic study of the quasi-one-
dimensional frustrated s = 1 spin-chain compound linarite. Angular
dependent susceptibility and 'H-NMR measurements were performed
at various temperatures in the paramagnetic state. All relevant NMR
parameters, viz., the chemical, dipolar, and Fermi-contact contribu-
tion, were extracted to analytically calculate the local magnetic fields
at the 'H sites. From this analysis, a significant total spin transfer of
~10.5% from the magnetic copper ions onto the two oxygen ligands
was derived. The magnetically ordered spin-spiral ground state below
Tn = 2.8 K was investigated by 'H-NMR for fields poH = 2.0 T along
the three crystallographic main directions. With the derived NMR pa-
rameters in the paramagnetic regime it is possible to model the NMR
spectrum for H || ¢, which is in agreement with previous neutron stud-
ies [1]. Furthermore, we compare our results with density functional
band structure calculations and subsequent cluster calculations apply-
ing a pd model.

This work has partially been supported by the DFG under Contracts
No. WO 1532/3-1 and No. SU229/10-1.
[1] B. Willenberg et al., Phys. Rev. Lett. 108, 117202 (2012).

TT 20.6 Mon 16:15 HSZ 304
Multipolar states in coupled frustrated spin-1/2 chains with
exchange anisotropy — eSATOSHI NISHIMOTO!, STEFAN-LUDWIG
DrECHSLER!, ROMAN KuziaN'2, JOHANNES RICHTER®, and JEROEN
VAN DEN BRINK! — IFW Dresden, P.O. Box 270116, D-01171 Dres-
den, Germany — 2Institute for Problems of Materials Science NASU,
03180 Kiev, Ukraine — 3Universitit Magdeburg, Institut fiir Theo-
retische Physik, Germany
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We studied coupled frustrated spin-1/2 Heisenberg chains at high
magnetic field. The effects of inter-chain couplings and easy-axis ex-
change anisotropy on the multipolar states were considered using the
spin-wave theory and density-matrix renormalization group method.
We quantified the instability towards the formation of multipolar
states against various kinds of antiferromagnetic and ferromagnetic
inter-chain couplings, and also found that an easy-axis anisotropy of
the ferromagnetic in-chain nearest-neighbor exchange significantly en-
hances the multipolar stability region [1]. We will discuss the rele-
vance to edge-shared cuprate spin-chain compounds such as LiVCuOQy,
PbCuSO4(OH)2 [2], etc, which are found to be possible candidates for
multipolar physics.

[1] S. Nishimoto, S.-L. Drechsler, R.O. Kuzian, J. Richter, J. van den
Brink, arXiv:1303.1933v1.

[2] M. Schépers, A.U.B. Wolter, S.-L. Drechsler, S. Nishimoto, R. Vo-
gel, W. Schottenhamel, B. Biichner, J. Richter, B. Ouladdiaf, M. Uh-
larz, R. Beyer, Y. Skourski, J. Wosnitza, K.C. Rule, M. Reehuis, B.
Willenberg, S. Siillow, Phys. Rev. B 88, 195138 (2013).

15 min. break.

TT 20.7 Mon 16:45 HSZ 304

Electronic structure and magnetism of libethenite -
Cu;PO4OH — MIRIAM  SCHMITT!, OLEG JANSON2, STEFAN
LEBERNEGG2, and eHELGE ROSNER? — lUniversitit Kaiserslautern,

67663 Kaiserslautern — 2Max-Planck-Institut fiir Chemische Physik
fester Stoffe, Nothnitzer Strale 40, 01187 Dresden

The spin 1/2 compound CuaPO4OH attracted interest not only by
its unusual crystal structure containing a combination of edge shared
CuOy4 chains linked by CuzOg dimers, but also by the formation of a
spin gap at low temperatures. Recently, a tetramer model was sug-
gested in a combined experimental and theoretical study [1]. Based
on density functional band structure calculations we suggest that the
simple tetramer model should be refined by additional intra- and inter-
tetramer exchange couplings for an accurate description of the mag-
netic properties of libethenite.

TT 20.8 Mon 17:00 HSZ 304
Hindered magnetic order from multiple dimensionalities
in CuP20g — eALEXANDER A. TsIRLIN!, RAMESH NATH2, JORG
SICHELSCHMIDT?, FABIEN ALET?, and IOANNIS ROUSOCHATZAKIS® —
INICPB, Tallinn, Estonia — 2Indian Institute of Science Education
and Research, Trivandrum, India — 3MPI CPfS, Dresden, Germany
— 4Universite de Toulouse, France — °IFW Dresden, Germany

We report magnetic properties of CuP2Og, where spin systems of dif-
ferent dimensionalities coexist and lead to a strong suppression of the
magnetic ordering transition. This compound features spin planes
formed by the Cul sites (2D) and spin chains formed by the Cu2 sites
(1D), with the antiferromagnetic couplings Jop ~ 40 K and Jip ~ 3 K,
respectively. The estimates obtained from density-functional band
structure calculations are verified by quantum Monte-Carlo fits to the
experimental magnetization data. The magnetic ordering transition at
Tn ~ 8 K results in the formation of a very weak net moment arising
from Dzyaloshinsky-Moriya anisotropy in the Cul planes. However,
the ESR signal does not vanish below T’n;. We ascribe this peculiar ef-
fect to the drastic difference between the two sublattices: in the weakly
coupled 1D sublattice, the ordered moment grows very slowly, hence
the behavior of this sublattice is largely paramagnetic even below T .
This physics is captured by a mean-field theory showing that the Néel
temperature of CuP20Og is determined by the geometrical mean value
of staggered susceptibilities in the 1D and 2D sublattices.
Financial support of the Mobilitas program is acknowledged.

TT 20.9 Mon 17:15 HSZ 304
The interplay of crystal structure, electronic structure and
magnetism in SrCozPs — eHELGE ROSNER, DEEPA KASINATHAN,
INGA KRAFT, VIVIEN LORENZ, CHRISTOPH BERGMANN, and CHRISTOPH
GEIBEL — Max-Planck-Institut fiir Chemische Physik fester Stoffe,
Nothnitzer Str. 40, 01187 Dresden

Since the discovery of high temperature superconductivity in doped

iron pniktides, in particular AFegAsa systems of the ThCraSig struc-
ture type, the intricate interplay of crystal structure, magnetism and
superconductivity in these compounds has attracted broad attention.
It is widely believed that the superconductivity of this compound fam-
ily is closely related tho spin fluctuations. A clear picture of the cou-
pling scenario, however, has not yet emerged. SrCo2P3 is a structural
homologue of the AFegAsy compound series. Experimental investi-
gations indicate a paramagnetic ground state of the system, but a
closed vicinity to a (quantum) critical point. We studied the elec-
tronic structure and magnetic properties of this compound applying
DFT calculations in different approximations. In all setups, we find a
pronounced peak in the electronic density of states close to the Fermi
level originating from Co-3d states, indicating an instability towards
magnetic order. However, structural details have a surprisingly strong
influence on details of the band structure and the topology of the Fermi
surface. Our calculational results are compared with thermodynamic
measurements and de-Haas-van-Alphen data.

TT 20.10 Mon 17:30 HSZ 304
Hour-glass magnetic spectrum in a stripeless insulating tran-
sition metal oxide — eJAN Yvo DREES!, DANIEL LAMAGO2, AN-
DREA P1ovaNo®, and ALEXANDER C. KOMAREK! — !Max-Planck-
Institute for Chemical Physics of Solids, Physics of Correlated Mat-
ter, Nothnitzer Street 40, D-01187 Dresden, Germany — 2Laboratoire
Léon Brillouin, CEA/CNRS, F-91191 Gif-sur Yvette, France —
3Institut Laue-Langevin (ILL), 6 Rue Jules Horowitz, F-38043 Greno-
ble, France

An hour-glass-shaped magnetic excitation spectrum appears to be
a universal characteristic of the high-temperature superconducting
cuprates. Fluctuating charge stripes or alternative band structure ap-
proaches are able to explain the origin of these spectra. Recently, an
hour-glass spectrum has been observed in an insulating cobaltate, thus
favouring the charge stripe scenario. Here we show that neither charge
stripes nor band structure effects are responsible for the hour-glass dis-
persion in a cobaltate within the checkerboard charge-ordered regime
of Lag_;Srz;Co0O4. The search for charge stripe ordering reflections
yields no evidence for charge stripes in Laj Sr9.4Co0Oy4, which is sup-
ported by our phonon studies. With the observation of an hour-glass-
shaped excitation spectrum in this stripeless insulating cobaltate, we
provide experimental evidence that the hour-glass spectrum is neither
necessarily connected to charge stripes nor to band structure effects,
but instead, probably intimately coupled to frustration and arising
chiral or non-collinear magnetic correlations.

TT 20.11 Mon 17:45 HSZ 304
Magnetic properties of intermetallic AT;X> compounds —
oVIVIEN LORENZ, INGA KRAFT, CHRISTOPH BERGMANN, KATHARINA
WEBER, NANDANG MUFTI, CHRISTOPH GEIBEL, and HELGE ROSNER —
Max Planck Institute for Chemical Physics of Solids, Dresden, Ger-
many

Magnetic systems with reduced dimensionality or frustration attract
strong interest because these features lead to an increase of quantum
fluctuations and often result in unusual properties. The vicinity of
magnetic and non magnetic states can further increase the fluctua-
tions. Here, we present a detailed density-functional-based study of
the electronic, magnetic and structural properties of the intermetallic
AT4X2 compounds (A=Sc,Y,Lu,Zr,Hf; T=Fe,Ni,Re; X=Si,Ge,P,As)
crystallizing in the ZrFe4Sis structure type. Magnetic and structural
transitions were previously reported for YFesGea and closely related
compounds with trivalent A-site occupation. However, transition tem-
peratures, nature of the transition as well as the relation between
structural and magnetic transitions change significantly with the A
element. Our calculational results evidence that: (i) all investigated
T=Fe compounds have a magnetic ground state; (ii) all investigated
T=Ni systems are non magnetic, but several of them are very close to
magnetism; (iii) the magnetic properties of these compounds can be
”tuned” by partial substitution on the T and X site. We also study the
instability towards a structural distortion related to strong magneto-
elastic coupling. Our findings will be compared to recent experimental
results.
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TT 21: Focus Session: New Trends in Molecular Magnetism (organized by MA)
Organizers: J. Schnack (U. Bielefeld), O. Waldmann (U. Freiburg)

During the past 25 years molecular magnetism has developed into a broad field. Today’s major research
directions include applications in quantum computing or as quantum simulators as well as the use as
sub-Kelvin magnetic refrigerants. For direct manipulation as part of spintronic systems molecules are
deposited and manipulated on surfaces. The progress of this interdisciplinary field is intimately related to
the ability of coordination chemists to synthesize unprecedented molecules, to the ability of experimental
physicists to characterize them as well as to the ability of theorists to model their properties.

Time: Monday 15:00-17:30

Topical Talk TT 21.1 Mon 15:00 HSZ 04
Spin dynamics in Molecular Nanomagnets — oSTEFANO CAR-
RETTA — Dipartimento di Fisica e Scienze della Terra, Universita’ di
Parma, 1-43124 Parma, Italy

Molecular nanomagnets (MNMs) have been test beds for addressing
several quantum phenomena. In particular, one of the major current
objectives is to exploit their coherent spin dynamics for quantum infor-
mation processing (QIP). We show that recently developed instrumen-
tation yields the four-dimensional inelastic-neutron scattering function
and enables the direct determination of the spin dynamics [1]. We use
the Cr8 antiferromagnetic ring as a benchmark to demonstrate the po-
tential of this approach, which allows us, for instance, to examine how
quantum fluctuations propagate along the ring. We show that param-
eters of the spin Hamiltonian can be reliably calculated ab-initio. In
particular, we present a flexible and effective ab-initio scheme to build
many-body models for MNMs, and to calculate magnetic exchange
couplings and zero-field splittings [2]. We have applied this scheme
to three paradigmatic systems, the antiferromagnetic rings Cr8 and
Cr7Ni and the single molecule magnet Fe4 and have found excellent
agreement with experimental results. At last, we discuss the dynamics
of ensembles of spin systems coherently coupled to microwave photons
in coplanar waveguide resonators. We introduce a scheme to perform
QIP that is based on a hybrid spin-photon qubit encoding [3].

[1] M. Baker et al, Nature Physics 8, 906 (2012); [2] A. Chiesa et
al, Phys. Rev. Lett. 110, 157204 (2013); [3] S. Carretta, et al, Phys.
Rev. Lett. 111, 110501 (2013).

Topical Talk TT 21.2 Mon 15:30 HSZ 04
Exchange interaction in lanthanides — eLi1viu CHIBOTARU, Liviu
UNGUR, NAOYA IWAHARA, and VEACESLAV VIERU — Theory of Nano-
materials Group, KU Leuven, Heverlee, Belgium

Using ab initio, DF'T and model calculations we analyze the main fea-
tures of exchange interactions in lanthanide complexes.

Andersons superexchange model is applied for analytical derivation
of exchange interaction between total magnetic moments J; and Jo
corresponding to ground atomic multiplets of two exchange-coupled
lanthanide ions. Despite the common belief that the exchange interac-
tion is of ~ J; - Jo form, we find it strongly anisotropic. If the crystal
field (CF) on Ln sites exceeds significantly the exchange splitting, the
exchange interaction between low-lying CF doublet states generally
becomes of non-collinear Ising type.

In the case of exchange-coupled lanthanide ion (J) and isotropic
magnetic center (S) the exchange interaction is found not to be of the
form ~ J - S, as supposed before, but again very anisotropic. When
the CF splitting on Ln exceeds the exchange splitting, the exchange
interaction between the low-lying CF doublet on Ln and the isotropic
spin generally becomes of collinear Ising type.

Finally, we give arguments why the mixed Ln-TM complexes are
more efficient SMMs than pure Ln ones despite less anisotropic mag-
netic ions involved.

Topical Talk TT 21.3 Mon 16:00 HSZ 04
Cool molecules — eMARCO EVANGELISTI — Instituto de Ciencia de
Materiales de Aragén, CSIC - Universidad de Zaragoza, Departamento

Location: HSZ 04

de Fisica de la Materia Condensada, 50009 Zaragoza, Spain

The recent progress in molecule-based magnetic materials exhibiting a
large magnetocaloric effect at liquid-helium temperatures is reviewed.
Advanced applications and future perspectives in cryogenic magnetic
refrigeration are also discussed.

Topical Talk TT 21.4 Mon 16:30 HSZ 04
Bulk and submonolayer studies of novel single-ion molecular
magnets — oJAN DREISER — Ecole Polytechnique Federale de Lau-
sanne, Institute of Condensed Matter Physics, 1015 Lausanne, Switzer-
land — Swiss Light Source, Paul Scherrer Institut, 5232 Villigen PSI,
Switzerland

Single-ion magnets (SIMs) [1,2] contain a single transition-metal or
rare-earth ion embedded in an organic ligand. In contrast to many
other mononuclear molecular magnets, SIMs exhibit long magnetiza-
tion relaxation times at low temperatures ranging from milliseconds to
more than hours. In order to exploit their properties in possible ap-
plications they should be organized and addressable one-by-one [3]. A
promising path to achieve this goal is the deposition of submonolayers
of SIMs on to surfaces.

In this talk T will report on our recent studies of the Er(trensal)
SIM [2] in which the Er(III) ion is seven-fold coordinated to the very
robust tripodal ligand. In addition to the investigations of the bulk
phase I will present first results obtained on (sub)monolayer deposits
on metallic surfaces using X-ray magnetic circular dichroism and scan-
ning tunneling microscopy.

[1] N. Ishikawa, M. Sugita, T. Ishikawa, S.-y. Koshihara, Y. Kaizu,
J. Am. Chem. Soc. 2003, 125, 8694; [2] K. S. Pedersen, L. Ungur,
M. Sigrist, A. Sundt, M. Schau-Magnussen, V. Vieru, H. Mutka, S.
Rols, H. Weihe, O. Waldmann, L. F. Chibotaru, J. Bendix, J. Dreiser,
submitted; [3] D. Gatteschi, A. Cornia, M. Mannini, R. Sessoli, Inorg.
Chem. 2009, 48, 3408.

Topical Talk TT 21.5 Mon 17:00 HSZ 04
When Organic Materials Interact with Ferromagnetic Sur-
faces: A First-Principles Perspective — eNICOLAE ATODIRESEI
— Peter Griinberg Institut (PGI-1) and Institute for Advanced Sim-
ulation (IAS-1), Forschungszentrum Jiilich and JARA, 52425 Jiilich,
Germany

The adsorption of m-conjugated organic materials on ferromagnetic
surfaces offers the possibility to merge the concepts of molecular elec-
tronics with spintronics to build future nanoscale data storage, sensing
and computing multifunctional devices. Based on the density func-
tional theory, we performed theoretical studies to understand how to
tailor the magnetic properties of organic-ferromagnetic interfaces. For
such hybrid systems, the magnetic properties like molecular magnetic
moments and their spatial orientation, the spin-polarization and the
magnetic exchange coupling can be specifically tuned by an appropri-
ate choice of the organic material and ferromagnetic surface. [1] N.
Atodiresei et al., Phys. Rev. Lett. 105, 066601 (2010); [2] N. Atodire-
sei et al., Phys. Rev. B 84, 172402 (2011); [3] K. V. Raman et al.,
Nature 493, 509 (2013); [4] M. Callsen et al., Phys. Rev. Lett. 111,
106805 (2013).
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TT 22: Low-Dimensional Systems: Charge Order

Time: Monday 15:00-16:30

TT 22.1 Mon 15:00 BEY 81
Competing soft phonon modes in charge-density-wave rare-
earth tritellurides — eMICHAEL MASCHEK!, SvEN KRANNICH!,
FRANK WEBER!, RoLF HEID!, STEPHAN ROSENKRANZZ, AYMAN SAIDZ,
IAN FisHER3, PAULA GIRALDO-GALLO3, and AHMET ALATAS? —
IKarlsruhe Institute of Technology, Karlsruhe, Germany — 2Material
Science Division, Argonne National Laboratory, Argonne, USA —
3Geballe Laboratory for Advanced Materials, Stanford University,
Stanford, USA

We report competing soft phonon modes close to the charge-density-
wave (CDW) transition in the rare-earth tritelluride DyTes obtained
by high energy resolution inelastic x-ray measurements. We investi-
gated transverse polarized modes dispersing along the reciprocal (100)
and (001) directions corresponding the two CDW orders lying in the
basal plane of the nearly tetragonal unit cell. DyTes has two CDW-
transitions (Topw,1 = 50K, Tcpw,2 = 310K), but for technical rea-
sons we could only investigate the transition at Tocpw,2. We found a
full softening at gopw,2 = (0,0,0.3) and a strong but not complete
softening of the orthogonal mode at qcpw,1 = (0.3,0,0) at the same
temperature which is reminiscent of previous measurements on ThTes.
Our results are corroborated by lattice dynamical calculations demon-
strating the near degeneracy between the two crystallographic axes
with respect to the formation of CDW order.

TT 22.2 Mon 15:15 BEY 81
Electronic band structure of 17-TaSs and new impli-
cations for the Mott-phase — eToBiAsS RITSCHEL!®, JaN
TRINCKAUF!, GASTON GARBARINO2, ALEXEI B0sAk2, MARTIN VON
ZIMMERMANN®, Kraus KOEPERNIK!, HELMUTH BERGER?, BERND
BUcHNERY®, and JOCHEN GECk! — 1IFW, Dresden — 2ESRF, Greno-
ble — 3HASYLAB, Hamburg — *Ecole polytechnique Federale de
Lausanne — °TU Dresden

The layered compound 17-TaSy exhibits a multitude of distinct charge
density wave (CDW) phases as a function of temperature and pressure.
A unique feature of 17-TaSg among the CDW systems is the occur-
rence of a commensurate (C)-CDW phase which is commonly described
as a Mott-phase due to electron-electron interactions and which is ex-
tremely sensitive upon applying external pressure. We studied the
electronic band structure of the C-CDW phase in terms of density
functional theory (DFT) as a function of the amplitude of the lattice
modulation. Surprisingly we found that the experimental electronic
band structure of the so-called Mott-phase, can already be very well
described by conventional DFT calculations in the local density ap-
proximation (LDA). Moreover slight changes of the amplitude of the
lattice modulation have dramatic effects on the calculated band struc-
ture, which agrees very well with the strong pressure dependence of
the C-CDW phase. We will discuss our results with respect to Mott-
physics associated with the C-CDW phase and its pronounced sensi-
tivity to pressure.

TT 22.3 Mon 15:30 BEY 81
Influence of Doping on the Phonon Softening in the CDW
Systems NbSe; and TiSex — eRoranp Horr!, RoLrF HEID!,
KLAUS-PETER BOHNEN!, FRANK WEBERY'2, STEPHAN ROSENKRANZZ,
JOHN-PAUL CASTELLAND2, and DMITRY REZNIKD® — 1Karlsruhe In-
stitute of Technology, Institute of Solid State Physics, P. B. 3640,
D-76021 Karlsruhe, Germany — 2Materials Science Division, Argonne
National Laboratory, Argonne, Illinois, 60439, USA — 3Department of
Physics, University of Colorado at Boulder, Boulder, Colorado, 80309,
USA

We studied the influence of doping on the soft-mode behaviour of
phonons in the Charge Density Wave (CDW) systems NbSez and TiSes
both experimentally by means of high resolution Inelastic X-ray Scat-
tering (IXS) and theoretically in Density Functional Theory (DFT)
based ab-initio phonon calculations. In agreement with our experi-
ments on Cu-doped TiSez and Co-doped NbSez our calculations show
that doping weakens the tendency towards the CDW instability.

[1] F. Weber et al., Phys. Rev. B 87 (2013) 245111

[2] F. Weber et al., Phys. Rev. Lett. 107 (2011) 266401.

TT 22.4 Mon 15:45 BEY 81

Location: BEY 81

Interplay of covalency and correlations in the edge shared
spin 1/2 A3T>04 chain compounds (A = Na, K; T' = Cu, Ni)
— oDEEPA KASINATHAN', KLAUS KOEPERNIK?, and HELGE ROSNER!
— 1MPI CPfS, Dresden, Germany — 2IFW Dresden, Germany

NazCu204, K3Cu204 and K3NisO4 belong to a new class of quasi-1D
insulating cuprates which feature strongly buckled, one-dimensional
1_CuOx ribbon-like chains consisting of edge-sharing CuOy4 plaquettes.
Structural analysis of the metal-oxygen bond lengths and thermody-
namic measurements[1,2,3] imply that these systems are intrinsically
charge ordered (... (Ni/Cu)2T-(Ni/Cu)3+-(Ni/Cu)?*+-(Ni/Cu)3t...)
and show dominant antiferromagnetic interactions. No electronic
structure analysis of these systems exist to date. Using density func-
tional theory based calculations (LDA, Wannier functions, LDA+U),
we analyze the microscopic origin of the magentic interactions in these
systems. The main interaction along the chains are the second neigh-
bor superexchanges. Nonetheless, a careful analysis of the first neigh-
bor interaction between the mangnetic (Cu?*/Ni®t) cation and the
non-magnetic cation (Cu3t/Ni2t) is necessary. We report on the in-
terplay of covalency, crystal field splitting and correlations in these
systems.

(1] H. Zentgraf, K. Claes, and R. Hoppe, Z. Anorg. Allg.Chem. 462,
92 (1980)

[2] M. Sofin, Eva-Maria Peters, and M. Jansen, J. Solid State Chem.
178, 3708 (2005)

[3] K. Duris, R. K. Kremer, and M. Jansen, Z. Anorg. Allg. Chem.
637, 1101 (2011)

TT 22.5 Mon 16:00 BEY 81
Doping dependence of charge order in single-layered man-
ganites R1_;A14,MnO4 — ¢JOHANNES ENGELMAYER, HOLGER UL-
BRICH, MARKUS BRADEN, and THOMAS LORENZ — II. Physikalisches
Institut, Universitdt zu Koln, Germany

Single-layered manganites show a complex interplay between charge,
orbital, and magnetic degrees of freedom. For half-doped (z = 0.5)
Laj—zSr14,MnOy4 and Pri_;Caj+,MnO4 the so-called Goodenough
model is well established. This model proposes a site-centered charge
order with a checkerboard pattern of Mn3t and Mn** ions that is
accompanied by an orbital order. This charge and orbital order in-
duces a magnetic order with ferromagnetic three-spin zig-zag chains
and antiferromagnetic interchain coupling. For x > 0.5 zig-zag chains
with larger step size have been reported in Pri_;Caj4+;MnO4 and
Ndj—2Sr14zMnOy, e.g. four-spin zig-zag chains arise for x = 2/3 due
to a 2:1 ratio of Mn*t and Mn3t [1]. In order to study the effect
of different dopants on the ordering temperature, single crystals of
Pl“l_3381“1+901\/[IIO47 Nd;_,Caj4+,MnO4 and Ndl_xSr1+chnO4 with
0.5 < z < 0.75 were grown and their structural parameters were de-
termined. We present measurements of resistivity, magnetization, and
specific heat that show features associated with charge order. The de-
pendence of the ordering temperature on the dopants and the doping
level is discussed.
Supported by the DFG through SFB 608
(1] H. Ulbrich, M. Braden, Physica C 481, 31 (2012)

TT 22.6 Mon 16:15 BEY 81
Charge ordered metals on the triangular extended Hubbard
model — eLuca Fausto Toccuiol2, CLaupius Gros!, Xue-FENG
ZHANG3, and SEBASTIAN EGGERT? — 1University of Frankfurt, Ger-
many — 2SISSA, Trieste, Italy — 3University of Kaiserslautern, Ger-
many

We study the extended Hubbard model on the triangular lattice as
a function of filling and interaction strength. The complex interplay
of kinetic frustration and strong interactions on the triangular lat-
tice leads to exotic phases where long range charge order and a finite
metallic conductivity coexist. Variational Monte Carlo simulations
show that two kinds of ordered metallic states are stable as function
of nearest neighbor interaction and filling; in one of the two phases
we observe separation into two classes of particles: one of them con-
tributes to stable order, while the other one forms a partially filled
band on the remaining substructure. The relation to charge ordering
in charge transfer salts is discussed.
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TT 23: Low-Dimensional Systems: Other Materials

Time: Monday 16:45-18:30

TT 23.1 Mon 16:45 BEY 81
Huge magneto-elastic coupling and negative Poisson ratio in
low-dimensional spin systems — eBERND WOLF, PHAM THANH
CoNG, RUDRA SEKHAR MANNA, ULRICH TUTSCH, and MICHAEL LANG
— Physikalisches Institut, J.W. Goethe-Universitat, SFB/TR49, D-
60438 Frankfurt (Main), Germany

Azurite Cu3(CO3)2(OH)2, a model system for the distorted diamond-
chain, exhibits pronounced elastic anomalies in the temperature - and
magnetic field dependence of the longitudinal elastic mode ca2. These
features are assigned to the relevant magnetic interactions in the ma-
terial and their couplings to the lattice degrees of freedom. From a
quantitative analysis of the magnetic contribution to c22, the magneto-
elastic coupling G = 0.J2 /¢, is determined, with €, denoting the strain
along the chain b-axis. We find an exceptionally large value highlight-
ing an extraordinarily strong sensitivity of J2 against changes of the
b-axis lattice parameter. These results are complemented by measure-
ments of the hydrostatic pressure dependence of J2 by means of ther-
mal expansion and magnetic susceptibility measurements performed
both at ambient and finite hydrostatic pressure. We discuss the results
in light of an anomalous negative Poisson effect at low temperatures.
We compare the results with the magneto-elastic coupling constants
determined for other low-D quantum spin systems, such as the antifer-
romagnetic S = 1/2 Heisenberg spin chain based on a Cu-coordination
polymer [1], the dimerized spin chain and SrCuz(BO3)2 as a coupled
quasi-2D system [2].

[1] B. Wolf, et al., Phys. Rev. B 69, 092403 (2004)

[2] S. Zherlitsyn, et al., Phys. Rev. B 62, R6097 (2000)

TT 23.2 Mon 17:00 BEY 81
Nuclear Magnetic Resonance on S=1/2 Heisenberg Spin
Chains under the Impact of Different Impurities —
oYANNIC Urz!, FRANZISKA HAMMERATH!, HANS-JOACHIM CGRAFE!,
ASHWIN MoHAN!, NEELA SEKHAR BEESETTY2, ROMUALD SAINT-
MARTIN?, ALEXANDRE REVCOLEVSCHI?, CHRISTIAN HEss!, and BERND
BUcHNER! — 'IFW Dresden, Germany — 2ILPCES - ICMMO, Uni-
versité Paris-Sud, France

We present 3Cu NMR measurements on single crystals of undoped,
Ni doped and Zn doped SrCuOs and of Ni doped SroCuOs. While
SrCuOg forms a double chain structure, the copper ions of SroCuQOg are
arranged as single chains. Despite these structural differences, both are
known to be good realizations of the antiferromagnetic S=1/2 Heisen-
berg chain. The measurements show that Ni doping (S=1) has a major
impact on the magnetic properties of both spin chain systems. An un-
usual line broadening in the low temperature NMR spectra reveals
the existence of an impurity-induced local alternating magnetization
(LAM), and exponentially decaying spin-lattice relaxation rates Tl_1
towards low temperatures indicate the opening of a spin gap similar
to Ca-doped SrCuO2 [1]. Zn doping (S=0), however, shows a similar
impact on the NMR spectra, but the opening of a spin gap could not
be observed. While the different impact of Ni and Zn doping on the
spin chains could be explained by their different impurity spins, the
opening of a spin gap in case of Ni doping is totally unexpected and
not yet understood.

[1] F. Hammerath et al., Phys. Rev. Lett. 107, 017203 (2011)

TT 23.3 Mon 17:15 BEY 81
Hydrogen positions and their effect on exchange couplings of
Cu-minerals — oSTEFAN LEBERNEGG!, ALEXANDER TSIRLINZ, OLEG
Janson'2, and HELGE RoSNER! — 'MPI Chemical Physics of Solids,
Dresden — 2National Institute of Chemical Physics and Biophysics,
Tallinn

Exotic magnetic properties and the possibility of challenging our un-
derstanding of collective quantum phenomena are the reasons why
low-dimensional spin-1/2 quantum magnets attract so much attention.
Cu(2+) minerals belong to this class of compounds where several hun-
dredths of them are provided by nature. However, only very few of
them have ever been investigated with respect to their magnetic prop-
erties. Thus, the Cu-minerals keep a high potential for the discovery
of new effects and materials. However, many of these compounds con-
tain crystal water or OH groups where the position of hydrogen in
the crystal structure crucially affects the magnetic behavior. Since
the experimental determination of H-positions is highly elaborating if

Location: BEY 81

possible at all, these positions are usually not available in the struc-
tural data of minerals. We will, thus, present a valuable DFT-based
alternative for determining the hydrogen positions. Then, the impor-
tance of the hydrogen positions for the magnetic properties and the
computation of microscopic magnetic models will be discussed for se-
lected Cu-minerals which have been investigated by combining several
experimental and computational techniques.

TT 23.4 Mon 17:30 BEY 81
Magnetic excitation spectra of the 4-leg ladder La;Cu20Os5
— eIGNACIO VERGARA', Kris COsTER?, Luis FELs!, MARTIN
VALLDOR'3, STEFAN WESSEL?, KAl PHILIP SCHIMDT2, and MARKUS
GRUNINGER! — 11I. Physicalisches Institut, Universitit zu Koéln —
2Lehrstuhl fiir Theoretische Physik I, Technische Universitit Dort-
mund — 3Max-Planck Institute for Chemical Physics of Solids, Dres-
den, Germany — 4Institut fiir Theoretische Festkorperphysik, JARA-
FIT and JARA-HPC, RWTH Aachen University

In low-dimensional spin-1/2 cuprates, optical spectroscopy has been
established as a powerful tool for the study of magnetic excitations
with total S=0. The simultaneous excitation of a symmetry-breaking
phonon allows us to study the magnetic excitations at high energies
(~ 0.1 -1 eV) throughout the entire Brillouin zone, since the phonon
ensures momentum conservation. The line shape of the optical con-
ductivity provides important information on the kinetics and on the
interactions of the magnetic excitations.

The magnetism of n-leg S=1/2 cuprate ladders is particularly in-
teresting due to the dimensional crossover between 1D and 2D and
the possible relevance for high 7. superconductivity. We present op-
tical conductivity data of the 4-leg ladder LagCu20O5 for polarization
of the electric field parallel to the legs and to the rungs, respectively.
Comparison with theory (CUT, QMC) and with the results for a 2-leg
ladder suggests the existence of two-triplon bound states below the
continuum also for n=4.

TT 23.5 Mon 17:45 BEY 81
Electronic instabilities of the AA-honeycomb bilayer —
eDAVID SANCHEZ DE LA PENA', MiCcHAEL M SCHERER?, and CARSTEN
HoNERKAMP! — lInstitute for Theoretical Solid State Physics, RWTH
Aachen University, Germany — 2Institute for Theoretical Physics, Hei-
delberg University, Germany

We use a functional renormalization group approach to study the in-
stabilities due to electron-electron interactions in a bilayer honeycomb
lattice model with AA stacking, as it might be relevant for layered
graphene. Starting with a tight-binding description for the four -
bands, we integrate out the modes of the dispersion by successively
lowering an infrared cutoff and determine the leading tendencies in
the effective interactions. The antiferromagnetic spin-density wave is
an expected instability for dominant local repulsions among the elec-
trons, but for nonlocal interaction terms also other instabilities occur.
We discuss the phase diagrams depending on the model parameters.
‘We compare our results to single-layer graphene and the more common
AB-stacked bilayer, both qualitatively and quantitatively.

TT 23.6 Mon 18:00 BEY 81
Susceptibility measurements on a weakly coupled spin-dimer
system consisting of nitronyl-nitroxid stable biradicals — eL.
PostuLkal, B. Worr!, U. Turscu!, P.T. ConG!, M. BAUMGARTEN?,
Y. BorozpiNAZ2, D. STrASSEL3, S. EGGERT®, and M. Lang! —
IPhysics Institute, Uni Frankfurt SFB/TR 49, D-60438 Frankfurt,
Germany — 2MPT for Polymer Research SFB/TR 49, D-55128 Mainz,
Germany — S3Physics Department and Research Center OPTIMA
SFB/TR 49, Uni Kaiserslautern, D-67663 Kaiserslautern, Germany

‘We present low-temperature susceptibility data on a spin S = % dimer
system consisting of nitronyl-nitroxid radicals which are bridged via
tolan molecules. The material, exhibiting a double-layer structure,
can be regarded as a quasi- 2D system. From SQUID magnetisation
measurements on high-quality single crystals, an intra-dimer coupling
constant of Jintre/kp ~ 9.6 K can be determined. In addition, the
data reveal indications for an inter-dimer coupling of the order of 1 K.
In order to look for magnetic field-induced ordering phenomena, AC-
susceptibility measurements were performed down to temperatures as
low as T = 34mK and magnetic fields up to B = 10.5T. For tem-
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peratures below T = 250 mK, a double-peak structure was observed
at fields between 8 T and 9.5 T consistent with the expectation based
on the above-mentioned coupling constants. Furthermore, in the same
temperature range another anomaly around B = 4.5T appears. For
a detailed understanding especially with regard to the dimensionality
of the interactions and the implications for the type of order that is
realized here, Quantum Monte Carlo simulations are underway.

TT 23.7 Mon 18:15 BEY 81
Orbital contribution to spin-Peierls transition in TiPOy4
— DIRK WULFERDING', ANGELA MOELLER?, KWANG-YONG CHOI3,
YUuril PASHKEVICH*, ROMAN BABKIN?, KARINA LAMONOVA*, ePETER

LEMMENS!, JosepH LaAw®, REINHARDT KREMER®, and ROBERT
Graum? — MPKM, TU-BS, Braunschweig, Germany — 2Dept.
Chem., Univ., Houston, USA — 3Dept. Phys., CA Univ., Seoul, Ko-
rea — 4DonFTI, Donetsk, Ukraine — 5Dresden HMFL, Dresden, Ger-
many — SMPI-FKF, Stuttgart, Germany — "IAC, Bonn, Germany

‘We observe unusual lattice dynamics as well as evidence for an orbital
instability preceding the spin-Peierls transition in TiPOy4. Further-
more, there exist high energy excitations of mixed electronic and lat-
tice origin that suggest an exotic dimerization process, different from
other spin-Peierls materials. Therefore, the energy gain is related to
magnetoelastic and orbital contributions.

TT 24: Magnetic Heuslers, Half-Metals and Oxides 1l (organized by MA)

Time: Monday 15:00-18:45

Invited Talk TT 24.1 Mon 15:00 BEY 118
Design principles of Dirac fermions and Mott insulating
states in (111) oriented perovskite superlattices — eROSsITzA
PENTCHEVA — Ludwig Maximilians University, Munich, Germany

Oxide interfaces exhibit a broad spectrum of functional properties
that are not available in the respective bulk compounds, such as two-
dimensional conductivity, superconductivity and magnetism. With
their distinct topology, (111) perovskite superlattices promise to host
even more exotic electronic states compared to the much studied (001)-
oriented systems. Material-specific density functional theory calcu-
lations with an on-site Coulomb repulsion term are used to explore
the role of confinement, symmetry breaking, polarity mismatch and
strain in the emergence of novel phases. The results illuminate a
rich set of competing ground states in (LaAlOg3)as/(SrTiO3)n(111)
[1] and (LaNiO3)n/ (LaAlO3)ar(111) superlattices, ranging from spin-
polarized, Dirac-point Fermi surfaces to charge-ordered Mott or Peierls
insulating phases. Orbital reconstructions and metal-to-insulator tran-
sitions depend critically on the thickness of the quantum well N and
in-plane strain, thus opening avenues for engineering properties at the
nanoscale. Research in collaboration with D. Doennig and W.E. Pick-
ett, supported by the DFG, SFB/TRS80. [1] D. Doennig, W. E. Pickett,
and R. Pentcheva, Phys. Rev. Lett. 111 126804 (2013).

15 min. break

TT 24.2 Mon 15:45 BEY 118
Giant Verwey transition in magnetite thin films — MEHRDAD
BAGHAIE YAzZDI and eLAMBERT ALFF — Institut fiir Materialwis-
senschaft, TU Darmstadt

The Verwey transition in magnetite is an enigmatic challenge of solid
state physics since several decades. It is generally believed that the
change in magnetic moment at the Verwey transition is due to a change
in magnetocrystalline anisotropy and spin reorientation. In thin films
of magnetite with extraordinary high Verwey transition at 128 K, we
have observed a giant change of magnetic moment above 1000%. Us-
ing several methods including neutron reflectometry we rule out spin
reorientation as the origin of our observation. In addition, Raman
scattering experiments show that the structural phase transition oc-
curs at temperatures above the magnetic Verwey transition while, in
contrast, newly emerging modes indicating additional charge and or-
bital order appear only at the Verwey transition. This result suggests
that the structural phase transition in magnetite is a necessary precur-
sor triggering a transition into a complex charge and orbitally ordered
state.

TT 24.3 Mon 16:00 BEY 118
NiFe204: a candidate for efficient spin filtering at room
temperature? — eMICHAEL Horpe!, SVEN DORING!, MIHAELA

GorGor3, FELIX GUNKEL*, CLAUS M. SCHNEIDER!:2, and MARTINA
MULLERY2 — !Peter-Griinberg-Institut (PGI-6), Forschungszentrum
Jiilich — 2Fakultat fiir Physik, Universitit Duisburg-Essen — 3BESSY
11, Helmholtz-Zentrum Berlin fiir Materialien und Energie — 4Peter-
Griinberg-Institut (PGI-7), Forschungszentrum Jiilich

For the optimized performance of spintronic devices, one major chal-
lenge is to create highly spin-polarized electron currents. One promis-
ing approach is the usage of both insulating and magnetic tunnel bar-
riers, with a highly spin-dependent tunneling probability. For this

Location: BEY 118

purpose, the spinel ferrite NiFeoO4 (NFO) is a very auspicious mate-
rial since it shows both features even at room temperature.

To realize magnetic tunnel junctions, it is necessary to grow NFO
films (d < 5 nm) which maintain quasi bulk-like properties down to
this ultrathin film limit. Therefore, NFO films with varying thickness
between 2 and 20 nm are deposited on Nb-doped SrTiOs substrates
via pulsed laser deposition. HAXPES, XRD and XANES measure-
ments reveal them to be chemically and structurally comparable to
the bulk material. XMCD studies of the Ni- and Fe-L-edges in those
films show that the alignment of the magnetic moments carried by
these elements is preserved for all thicknesses. The insulating behav-
ior is confirmed by CFM measurements. On this basis, we fabricated
Nb:STO/NFO/Au tunnel junctions by means of optical lithography
and characterized their electrical transport properties.

TT 24.4 Mon 16:15 BEY 118
Combined theoretical and optical band gap determination of
NiFe204 and CoFe204 — eMARKUS MEINERT and GUNTER REISS
— Center for Spinelectronic Materials and Devices, Bielefeld Univer-
sity, Germany

In a theoretical study we investigate the electronic structure and the
band gap of the inverse spinel ferrites NiFe2O4 (NFO) and CoFeaOy
(CFO). The experimental optical absorption spectrum of NFO is well
reproduced by fitting the Tran-Blaha parameter in the modified Becke-
Johnson (mBJLDA) potential. For CFO, the agreement is less satis-
fying. The accuracy of the commonly applied Tauc plot to find the
optical gap is assessed based on the computed spectra and we find that
this approach can lead to a misinterpretation of the experimental data.

The minimum gap of NiFezOy is found to be a 1.53 ¢V wide indirect
gap, which is located in the minority spin channel. In CoFe2Oy4, the
band gap is about 0.9eV wide and is also located in the minority spin
channel.

TT 24.5 Mon 16:30 BEY 118
Exploring spin-filter tunneling in single-crystalline mag-
netic oxide heterostructures — @BERNARDUS ZIJLSTRA',
PATRICK LOMKER', CHRISTIAN CASPERS!, MiCHAEL HopPE!, JURGEN

ScHUBERT2, WILLI ZANDER?, MIHAELA GoORrGor®, CrLaus M.
SCHNEIDER', and MARTINA MULLER! — Peter Griinberg Institute
(PGI-6), Forschungszentrum Jiilich — 2Peter Griinberg Institute

(PGI-9), Forschungszentrum Jiilich — 3BESSY II, Helmholtz-Zentrum
Berlin

Magnetic insulators, like Europium Oxide (EuO) are of tremendous
interest for spintronic research, since they can generate highly spin-
polarized currents. In contrast to conventional tunneling, spin-filter
tunneling through single-crystalline magnetic insulator barriers is not
yet fully understood.

In order to realize fully epitaxial magnetic oxide tunnel barriers, ul-
trathin EuO films were grown directly on conductive Sn-doped InsO3
(001) (ITO), Nb-doped SrTiOs (001) (STO) and As-doped Si (001).

The EuO heteroepitaxy was characterized by LEED, RHEED and
XRD, whereas the magnetic and chemical properties were analyzed
by SQUID and hard x-ray photoelectron spectroscopy. We find
Eu0/Si(001) and EuO/STO(001) to be epitaxial, stoichiometric and
to display bulk-like magnetic properties, however, EuO/ITO(001) is
strongly affected by oxygen diffusion at elevated Tg. Electrical trans-
port experiments reveal the respective spin filter tunneling properties.
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TT 24.6 Mon 16:45 BEY 118

Direct observation of half metallicity in the Heusler
compound Co2MnSi — eMARTIN JOURDAN!, ALEXANDER
KRONENBERG!, JAN MiINAR2, MicHAELA KOLBE', ANDREY
GLOSKOVSKIJ®, GERD SCHONHENSE!, HANS JoAcHIM ELMERS!,

STANISLAV CHADOV?, CLAUDIA FELSER?, and MarHiAS KLAur! —
Mnstitut fiir Physik, Johannes Gutenberg-Universitit Mainz —
?Department Chemie und Biochemie, Ludwig-Maximilians-Universitét
Miinchen — 3Deutsches Elektronen-Synchrotron DESY, Hamburg —
4Max-Planck-Institut fiir Chemische Physik fester Stoffe, Dresden

Heusler compounds are in the focus of interest due to their predicted
half-metallic properties, which makes them highly interesting for spin-
tronics. Apart from applications those materials are a test for modern
band structure calculations for materials with electronic correlations
of medium strength. Although a large body of those calculations is
available, their experimental verification remains a major task. Here
epitaxial thin films of the compound Co2MnSi are investigated in-situ
by UV-photoemission spectroscopy (UPS) taking advantage of a novel
multi-channel spin filter. An exceptionally large spin polarization of
93% is obtained at room temperature, providing strong direct evidence
for half-metallicity. The energy dependencies of the measured spin po-
larization as well as of spin integrated UPS essentially agree with bulk
band structure calculations. Additional ex-situ spin integrated hard
x-ray photoemission spectroscopy experiments (HAXPES) corroborate
that indeed bulk states are observed by SRUPS.

15 min. break

TT 24.7 Mon 17:15 BEY 118
Spin dependent lifetimes and non-degenerate spin hot spots
in Heusler compounds — eSTEFFEN KALTENBORN and HANS CHRIS-
TIAN SCHNEIDER — Physics Department and Research Center OPTI-
MAS, University of Kaiserslautern

We present results of an accurate ab-initio calculation of the dielec-
tric function of the half-metallic Heusler compounds Co2MnSi and
CogFeSi. The numerical method is based on density functional theory
[1,2] in combination with a wave-vector dependent linear tetrahedron
method [3]. The dielectric function is used study optical, acoustic
and intraband plasmon dispersions in these half metals. As in the
case of simple metals, a negative intraband plasmon dispersion [3] is
found. Furthermore, we use the dielectric function to analyze the k
and spin-resolved electronic lifetimes in these materials. Qualitatively,
the lifetimes reflect the lineup of electron and hole bands. We deter-
mine the spin-flip and spin-conserving contributions to the lifetimes
and predict that different excitation conditions may lead to different
spin-flip dynamics of excited electrons and may even give rise to an en-
hancement of the non-equilibrium spin polarization. Finally, we study
in detail the behavior of the lifetimes around states that are strongly
spin mixed by spin-orbit coupling. We find that, for non-degenerate
bands, the spin mixing alone does not determine the energy depen-
dence of the (spin-flip) lifetimes.

[1] DFT-Program The Elk FP-LAPW Code, http://elk.sourceforge.net.

[2] C. Ambrosch-Draxl et al., Comp. Phys. Commun. 175, 1-14,
(2006). [3] S. Kaltenborn and H. C. Schneider, Phys. Rev. B 88,
045124 (2013).

TT 24.8 Mon 17:30 BEY 118
NMR Investigation of Optimal Mn Content in Co2Mn,Sig gg
Thin Films for High Tunneling Magneto-Resistance —
oSTEVEN RODAN!, ToMOYUKI TAIRA2, MASAFUMI YAMAMOTO?Z,
BERND BUcHNER!3, and SABINE WURMEHL!® — !Leibniz Institute
for Solid State and Materials Research, 01171 Dresden, Germany —
2Division of Electronics for Informatics, Hokkaido University, Sapporo
060-0814, Japan — 3Institute fiir Festkorperphysik, Technische Uni-
versitdat Dresden, D-01062 Dresden, Germany

Half-metallic ferromagnets (HMFs), with 100% spin-polarized con-
duction electrons, are prime candidates for developing spintronics de-
vices. Many Heusler compounds, such as CoaMnSi, are predicted to
be HMFs. A technique for probing local structure such as nuclear
magnetic resonance (NMR) is essential for understanding the micro-
scopic origin of manifested physical properties. Local atomic disorder
was investigated using both 5?Co and ®Mn NMR on epitaxial films of
Co2Mn, Sig.gg, with varying Mn content (x = 0.72, 1.12, 1.32). NMR
spectra confirmed that the high tunneling magneto-resistance ratio val-
ues for magnetic tunnel junctions with electrodes made from highest
Mn excess (x=0.32), can be attributed mainly to the reduction of Co

antisites (Co on Mn and/or Si sites), which are expected to strongly
decrease the half-metallicity.

TT 24.9 Mon 17:45 BEY 118
Evolution of the coercive field of Co2FeGa Heusler nanocrys-
tals and related oxide nanoparticles inside carbon nanotubes
— eMARKUS GELLESCH!, USUE PALOMARES INIGUEZ DE CIRIANO?,
CHANGHAI WANG?, SABINE WURMEHL!, SILKE HAMPEL!, and BERND
BUCHNER! — 1 Leibniz Institut fiir Festkorper- und Werkstoffforschung
Dresden — ?Max-Planck-Institut fiir Chemische Physik fester Stoffe,
Dresden

Magnetic properties of nanoscale systems may differ largely from the
magnetism in the respective bulk phase and thus can lead to the emer-
gence of interesting and also novel physical properties. Here we present
results of investigations of magnetic properties of Heusler nanoparti-
cles and related oxide materials prepared inside multi-walled carbon
nanotubes via a wet-chemical approach. While previous studies! al-
ready showed, that the coercive field of the Heusler nanocrystals inside
carbon nanotubes is enhanced by a factor of at least 30, we now report
of an enhancement factor of approximately 100 in CozFeGa nanoparti-
cles and of coercive fields as large as 6000 Oe in related oxide materials.
Further we present results of the diameter dependence of the coercive
field in the later material. The results of our work open the door for the
exploration of Heusler and related magnetic materials at the nanoscale
and also guide the way to the synthesis of nanomaterials with tailored
physical properties.

[1] Gellesch et al., Cryst. Growth Des., 2013, 13 (7), pp 2707-2710

TT 24.10 Mon 18:00 BEY 118
The influence of p- and n-doping on the intrinsic proper-
ties of the Heusler compound Fey VAl — eFRANZISKA SEIFERT 2,
CHRISTIAN G.F. BLum!, FRANK STECKEL!, CHRISTIAN HESs!, HANS-
JoacHIM GRAFE!, BERND BUCHNER!, SABINE WURMEHL!, STEFAN
MARTIN?, VOLKER KLEMM?2, and DAVID RAFAIAZ — !Leibniz-Institute
for Solid State and Materials Research, Dresden, Germany — 2TU
Bergakademie Freiberg, Germany

In this work, we studied the intrinsic properties of the Heusler com-
pound Feg VAl and the influence of p (V substituted by Ti)- and n-
doping (Al substituted by Si) on the intrinsic materials properties us-
ing single crystals. Electron back scattering diffraction reveals the
presence of a V-rich secondary ferromagnetic phase in particular in
crystals with Si and in the parent compound, which could be further
confirmed by TEM investigations. The depletion of V from the Fea VA1
matrix apparently leads to localized Fe moments and also to magnetic
order in the corresponding samples. The evolution of magnetic order
and thermoelectric key parameters were further analysed by means
of nuclear magnetic resonance, transport and magnetization measure-
ments. Interestingly, the sample with Ti and less V depletion shows a
significant enhancement of the figure of merit compared to the other
samples.

TT 24.11 Mon 18:15 BEY 118
Effect of high pressures synthesis on BazYIroOg9 — eHANNES
STUMMER, TUSHARKANTI DEY, SABINE WURMEHL, and BERND
BUCHNER — Leibniz-Institute for Solid State and Materials Research
Dresden, Germany

The emergent field of Iridium oxide based materials recently came into
focus due to their variety of interesting physical properties, specifically
the new and unknown combinations of magnetic properties with inter-
esting ground states [1]. These fascinating phenomena are induced
by interaction of large Spin-Orbit-Coupling of the 5d transition metal
and the onsite Coulomb energy U. Recent investigations of the Iridate
Ba3zYIroOg show that sample grown under normal pressure crystal-
lize in a hexagonal structure and exhibit magnetic ordering below 4
K [2]. The crystal structure is transformed to a cubic double per-
ovskite configuration (stable at ambient pressure), when treated at 8
GPa pressure. In this cubic double perovskite phase the magnetic or-
dering is suppressed. A possible spin-orbit driven spin liquid ground
state is proposed for the high pressure perovskite structure [3]. We
will present recent results about the systematic high pressure synthe-
sis of BagYIraOg samples grown under different growth pressure in a
Multi-Anvil assembly.The main focus will be on the measurements of
structural and magnetic properties depending on the applied pressure
during the synthesis process. [1] B. J. Kim et al., Phys. Rev. Lett.
101, 076402 (2008) [2] Y. Doi et al., J. Phys.: Condens. Matter 16,
2849 (2004) [3] T. Dey et al., Phys. Rev. B 88, 134425 (2013)
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TT 24.12 Mon 18:30 BEY 118
Pressure-tuning of the magnetic properties of the zero-
field cooled exchange-bias Heusler compound Mn:PtGa
— oCATALINA SALAZAR, AJAYA K. NAvak, CLAUDIA FELSER, and
MICHAEL NICKLAS — Max Planck Institute for Chemical Physics of
Solids, Néthnitzer Str. 40, 01187 Dresden, Germany

The Heusler compound MnsPtGa crystallizes in a tetragonal struc-

ture at room temperature. It undergoes a paramagnetic to ferrimag-
netic (FI) transition around T.=230 K followed by a first-order ferri-
magnetic to antiferromagnetic (AFM) transition at lower temperature.
The most intriguing feature observed in MnaPtGa is, however, a large
zero-field cooled exchange bias. Here, we present a study of the pres-
sure evolution of the magnetic properties of the MnaPtGa Heusler alloy
by magnetization measurements under hydrostatic pressures up to 1.2
GPa.

TT 25: Focus Session: Electron Spin Qubits in Semiconductor Quantum Dots (organized by HL)

There have been remarkable new developments in the physics of electron spins confined in semicon-
ductor quantum dots. In articular, silicon quantum dots have come to prominence, following in steps
developments in GaAs dots. Spin hot spots — parametric regions with drastically reduced spin relax-
ation time — have been experimentally observed in both silicon and GaAs, in accord with theoretical
investigations. Furthermore, novel ways of controlling and manipulating coherent dynamics of electron
and nuclear spins in quantum dots by optics have been developed. This focused session will highlight

those recent developments.

Organizer: Jaroslav Fabian, Universitidt Regensburg, and Jonathan Finley, Walter Schottky Institut,

TU Miinchen.
Time: Monday 15:00-18:45

Topical Talk TT 25.1 Mon 15:00 POT 051
Single Charge Relaxation in a Silicon Double Quantum Dot
— oJASON PETTA — Department of Physics, Princeton University

Silicon has a weak spin-orbit interaction and can be isotopically pu-
rified resulting in an ultra-coherent environment for semiconductor
qubits. T will describe recent measurements of single electron double
quantum dots formed from undoped Si/SiGe quantum wells. Photon
assisted tunneling is used to probe the energy level structure of the
charge qubit, revealing the presence of low lying excited states. We
measure the interdot charge relaxation time 77 of a single electron as
a function of detuning and interdot tunnel coupling and show that it
is tunable over four orders of magnitude, with a maximum of 45 us.

TT 25.2 Mon 15:30 POT 051
Entanglement Purification with the Exchange Interaction —
o ADRIAN AUER and GUIDO BURKARD — Department of Physics, Uni-
versity of Konstanz, Germany

Entanglement purification techniques provide means to create qubit
pairs of arbitrary high fidelity with respect to a maximally entangled
state, starting from a larger number of low fidelity pairs. So-called
recurrence protocols act iteratively on two or more qubit pairs to pro-
duce one pair with higher fidelity, using local unitary operations, mea-
surements, and communication of the measurement results. In this
talk, we present a purification protocol that solely uses a single pulsed
Heisenberg-type exchange interaction between two qubit pairs, there-
fore being especially suitable for spin qubits in tunnel-coupled quantum
dots. In contrast to previously known protocols, we allow for asymmet-
ric bilateral operations where the two communication parties operate
differently on their qubits. In the most efficient version of our pro-
tocol, the local two-qubit interactions correspond to the \/SWAP gate
and its inverse, which are the natural entangling gates generated from
a Heisenberg-type interaction. Furthermore, we show how the same
fidelity gain can be reached using XY -type interactions.

TT 25.3 Mon 15:45 POT 051
Reservoir-assisted coherent control of a quantum-dot spin
— oCARSTEN H. H. Scuurre!, Jack Hansom!, CLAIRE LE GALL!,
CLEMENS MATTHIESEN!, JACOB M. TayLOrR?3, and METE ATATURE!
— !Cavendish Laboratory, University of Cambridge, Cambridge CB3
OHE, United Kingdom — 2Joint Quantum Institute, University of
Maryland, College Park, Maryland 20742, USA — 3National Institute
of Standards and Technology, Gaithersburg, Maryland 20899, USA

The interaction of a quantum-dot electron spin with the nuclear spins
of its environment has attracted a lot of attention recently [1]. In equi-
librium, the stochastic polarisation of the unperturbed nuclear spin
bath leads to a splitting of the electron spin states. Here, we show
that this effective Zeeman splitting is smaller than the linewidth of
the charged exciton transition. The transitions in the unperturbed
regime represent dynamically evolving A-systems. Harnessing these

Location: POT 051

level schemes with sub-linewidth spin splittings, we implement spin-
bath enabled coherent population trapping in the absence of an exter-
nal magnetic field. We verify the coherence of the created spin state
by coherent dark- and bright-state basis rotation through phase con-
trol of the laser fields, yielding arbitrary spin state initialisation and
spin rotation with only hyperfine-induced spin orientation. The shown
sub-linewidth level splitting advantageously reduces the influence of
Larmor precession in spin manipulation schemes and facilitates pho-
tonic cluster state generation by triggered photon emission [2].

[1] Urbaszek et al., Rev. Mod. Phys. 85, 79-133 (2013).

[2] Lindner et al., Phys. Rev. Lett. 103, 113602 (2009).

Topical Talk TT 25.4 Mon 16:00 POT 051
Spin Qubits in Silicon — e ANDREW DZURAK — University of New
South Wales, Sydney 2052, Australia

Spin qubits in silicon are excellent candidates for scalable quantum in-
formation processing [1] due to their long coherence and the enormous
investment in Si-MOS technology. Projective readout had proved chal-
lenging until single-shot measurement of a single donor electron spin
was demonstrated [2] using a Si-SET and spin-to-charge conversion.
The high readout fidelities > 90% and spin lifetimes T1 > 6 seconds
[2] observed opened a path to electron and nuclear spin qubits in Si.

On-chip ESR of the P donor electron enables Rabi oscillations of
the electron spin qubit, while Hahn echo reveals coherence T2 > 0.2
ms [3]. We also achieve single-shot readout of the 31P nuclear spin
with fidelity > 99.8% and apply (local) NMR pulses to demonstrate
coherent control of the nuclear spin qubit, with T2 > 60 ms [4].

Finally, I discuss recent experiments on both single-atom and Si-
MOS quantum dot qubits in isotopically enriched 28Si devices, with
even longer spin coherence exceeding 30 seconds.

[1] D.D. Awschalom et al., Quantum Spintronics, Science 339, 1174
(2013).

[2] A. Morello et al., Single-shot readout of an electron spin in silicon,
Nature 467, 687 (2010).

[3] J.J. Pla et al., A single-atom electron spin qubit in silicon, Nature
489, 541 (2012).

[4] J.J. Pla et al., High-fidelity readout and control of a nuclear spin
qubit in Si, Nature 496, 334 (2013).

TT 25.5 Mon 16:30 POT 051
Combining spin and valley singlet-triplet qubits for universal
quantum computing — eNIKLAS ROHLING, MAXIMILIAN RuUSS, and
GUIDO BURKARD — Department of Physics, University of Konstanz,
D-78457 Konstanz, Germany

The valley degree of freedom in silicon or other materials is often
considered to be an obstacle for quantum computing based on elec-
tron spins in quantum dots. Nevertheless, controlling the valley states
opens new possibilities for quantum information processing. Combin-
ing qubits encoded in the single-triplet subspace of spin and of valley
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states allows for universal quantum computing because the exchange
interaction directly provides a universal two-qubit gate between those
qubits if they are stored in the same two-electron double quantum dot
[1]. We show how spin and valley qubits can be separated in order
to enable single-qubit rotations. Finally we propose explicit sequences
for quantum gates in two kinds of spin-valley quantum registers.

[1] N. Rohling and G. Burkard, New Journal of Physics 14, 083008
(2012).

TT 25.6 Mon 16:45 POT 051
Optical detection of coherent electron spin states of silicon
vacancy defects in silicon carbide — eMATTHIAS WIDMANN',
SANG-YUN LEE!, NGuyeN TieN-SoN2, HELMUT FEDDER!, TORSTEN
RENDLER!, ADAM GALI®, ERIK JANZEN2, and JORG WRACHTRUPL:4
— 13, Physikalisches Institut, Universitit Stuttgart — 2Department
of Physics, Chemistry and Biology, Linképing University — 2Institute
for Solid State Physics and Optics, Budapest — *Max-Planck Institute
for Solid State Research, Stuttgart

Deep defects in wide band gap materials are promising candidates for
realizing quantum information processing [QIP]. One candidate is the
negatively charged nitrogen-vacancy (NV) center in diamond. NV cen-
ters can be used for realization of QIP[1] and nano-scale magnetic field
sensing[2]. The diamond serving as a host material, however, is rather
hard to be implemented in existing silicon based semiconducting ma-
terials and devices. In order to circumvent this challenge, we focus on
4H silicon carbide (4H-SiC) which houses missing silicon atoms, form-
ing the negatively charged silicon vacancies (Ty centers). Unlike the
visible light emissions from NV centers in diamond, Ty centers in SiC
also have the advantage of the infrared emissions around 900 nm, in
which the optical attenuation is weaker in silica based fibers. We will
present that single Ty, emissions can be observed and coherent spin
manipulation of both ensemble and single Ty, centers are possible at
room temperature.

[1] Neumann et al, Science, 2010, 329, 542

[2] J. R. Maze et al, Nature 455, 644-647

Coffee break (15 min.)

Topical Talk TT 25.7 Mon 17:15 POT 051
Spin Hot Spots in Quantum Dots — ePETER STANO — RIKEN
Center for Emergent Matter Science, 2-1 Hirosawa, Wako, Saitama
351-0198 Japan — Institute of Physics, Slovak Academy of Sciences,
845 11 Bratislava, Slovakia

Spin hot spots are points in parameter space which dominate spin re-
laxation in quantum dots. The relaxation proceeds through spin-orbit
interactions and a phonon emission. In a spin hot spot the otherwise
weak spin-orbit effects become non-perturbative and thus unusually
strong.

The hot-spot dominance leads to a pronounced anisotropy of the
relaxation rate as a function of the quantum dot and/or magnetic
field orientation with respect to crystallographic axes. This behavior
is very general, occurring for different electron occupations, quantum
dot geometry and material composition. Of practical interest is the
possibility to individually identify different types of spin-orbit interac-
tions (e.g. Rashba vs Dresselhaus), and obtain their relative strengths
in a given sample, from the relaxation rate anisotropy.[1]

The important influence that the spin hot-spots might imply on
spin relaxation was first recognized in bulk metals and later in quan-
tum dots. The theoretically predicted spin hot-spots were recently
established experimentally in gated Si [2] and GaAs [3] quantum dots.

[1] P. Stano and J. Fabian, Phys. Rev. B 74, 045320 (2006).

[2] C. H. Yang, et al., Nature Comm. 4, 2069 (2013).

[3] V. Srinivasa, et al., Phys. Rev. Lett. 110, 196803 (2013).

TT 25.8 Mon 17:45 POT 051
ESR Spin manipulation in spin light emitting diodes —
e ANDREAS MERZ, JAN SILLER, HEINZ KALT, and MICHAEL HETTERICH
— Inst. fiir angew. Physik KIT, Karlsruhe, Germany

Electron spin resonance is one of the most promising mechanisms to
enable coherent quantum information processing. In spin light emit-
ting diodes (spin-LEDs) we are able to initialize single electron spins all
electrically by injecting them through a ZnMnSe spin-aligner layer into
single self-assembled InGaAs quantum dots (QDs) with up to 100% fi-
delity. In a 53GHz microwave (MW) cavity we are able to manipulate
the 3d Mn spin system of the spin aligner resonantly and detect the
spin manipulation after the injection of band electrons into the QDs.

We can optically observe the effect by analyzing the circular polariza-
tion of the recombination radiation during electrical excitation of the
spin-LED for the magnetic field tuned such that the MW is resonant
with the spin splitting in the Mn system. Furthermore we are able to
differentiate between the resonant spin heating and non-resonant lat-
tice heating of an amplified MW pulse for longer pulse lengths and pure
spin heating for sub-microsecond MW pulses. The understanding of
these mechanisms plays an important role for MW spin manipulation
of single electron spins in semiconductor QDs on a ns timescale.

TT 25.9 Mon 18:00 POT 051
Optical Spin Noise of a Single Hole in a Quantum Dot —
eRAMIN DanBasHi!, JENs HUBNER!, FABIAN BERskI', KLAUS PIERZZ,
and MICHAEL OESTREICH! — lInstitute for Solid State Physics, Leib-
niz Universitdt Hannover, Appelstr. 2, D-30167 Hannover, Germany
— 2Physikalisch Technische Bundesanstalt, Bundesallee 100, D-38116
Braunschweig, Germany

We present spin noise spectroscopy (SNS) [1] at the extreme limit
of single spin detection, i.e., measurements of the spin dynamics of
a single heavy hole localized in a self-assembled (InGa)As quantum
dot (QD) [2]. Magnetic field dependent measurements reveal a strong
dependence of the heavy hole spin relaxation rate Tfl on the longi-

tudinal external magnetic field (o< B;B/Z) even for very low magnetic
fields up to 31 mT. At very low probe light intensities we detect an ex-
tremely long 77 of > 180 us at 31 mT and 5 K. The inhomogeneously
broadening of a single QD SN spectrum is unveiled by the probe energy
dependence of the SN power for finite light intensities. This feature
is explained by charge fluctuations in the QD vicinity leading to dis-
tinct charge configurations. The corresponding fluctuations of the QD
resonance energy are corroborated by a distinct probe intensity de-
pendence of the spin lifetime. We further investigate time correlation
effects of single QD SN spectra to gain insight into charging dynamics
in the surrounding.

[1] Miiller et al., Physica E 43, 569 (2010).

[2] Dahbashi et al., arXiv:1306.3183 (2013).

[3] Dahbashi et al., Appl. Phys. Lett. 100, 031906 (2012).

TT 25.10 Mon 18:15 POT 051
Spin-orbit effects on nuclear state preparation at the S — T,
anti-crossing in double quantum dots — eMARKO J. RANCI¢ and
GUIDO BURKARD — University of Konstanz

We explore the interplay of spin-orbit and hyperfine effects on the nu-
clear preparation schemes in two-electron double quantum dots, e.g.
in GaAs. The quantity of utmost interest is the electron spin de-
coherence time T in dependence of the number of sweeps through
the electron spin singlet S triplet T4 anti-crossing. Decoherence of
the electron spin is caused by the difference field induced by the nu-
clear spins. We study the case where a singlet S(2,0) is initialized,
in which both electrons are in the left dot. Subsequently, the system
is driven repeatedly through the anti-crossing and back using linear
electrical bias sweeps. Our model describes the passage through the
anti-crossing with a large number of equally spaced, step-like parame-
ter increments. We develop a numerical method describing the nuclear
spins fully quantum mechanically, which allows us to track their dy-
namics. Both Rashba and Dresselhaus spin-orbit terms do depend on
the angle 6 between the [110] crystallographic and the inter-dot axis.
Our results show that the suppression of decoherence (and therefore
the enhancement of T%) is inversely proportional to the strength of the
spin-orbit interaction, which is tuned by varying the angle 6.

TT 25.11 Mon 18:30 POT 051
Addressing ionized 7?As nuclear spin qubits in silicon us-
ing nuclear quadrupole interaction — eFLORIAN M. HRUBESCH,
DaAvID P. FRANKE, MARKUS KUNzL, ANDREJ Voss, FELIX HOEHNE,
LUKAS DREHER, and MARTIN S. BRANDT — Walter Schottky Institut,
Technische Universitdt Miinchen, Am Coulombwall 4, 85748 Garching

Electrically detected electron nuclear double resonance (EDENDOR)
studies have shown coherence times of 31 P* nuclear spins in crystalline
natGi of 18 ms [1]. In isotopically enriched 28Si these T% times can reach
up to 3 hours [2], making these nuclear spins promising candidates for
quantum information storage. However, these long coherence times
are caused by the nearly perfect isolation of the ionized donor nuclear
spins from their environment, which hampers selective addressing with
e.g. electric fields. We present EDENDOR measurements on "°Ast
nuclear spins in ™2%*Si which exhibit similarly long decoherence times as
31P+ nuclear spins in "#'Si. By applying elastic strain, the transition
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frequencies involving the |my| = % states can be shifted by about 25
kHz, while the transitions between the |m;| = % states remain virtu-

ally unaffected. This allows the selective manipulation of the nuclear
spin state via magnetic resonance, which could enable the addressing

of single 7> Ast qubits with the help of nanoscale piezoactuators posi-
tioned on top of the donors [3]. [1] L. Dreher et al.,, Phys. Rev. Lett.
108, 027602 (2012) [2] K. Saeedi et al., Science 342, 830 (2013) [3] L.
Dreher et al, Phys. Rev. Lett. 106, 037601 (2011)

TT 26: Quantum Wires: Transport Properties (organized by HL)

Time: Monday 16:00-17:45

TT 26.1 Mon 16:00 POT 006
Strongly interacting holes in Ge/Si core/shell nanowires —
oFRANZISKA MAIER, TOBIAS MENG, and DANIEL L0Oss — Department
of Physics, University of Basel, Klingelbergstrasse 82, 4056 Basel,
Switzerland

We consider holes confined to the core of Ge/Si core/shell nanowires
subject to strong Rashba spin-orbit coupling and screened Coulomb
interactions. We find that both, spin-orbit coupling and Coulomb in-
teractions, are largely dependent on wire radius, shell-induced strain
and the magnitude of applied electric fields. This tunability allows
to drive the system from a Luttinger liquid phase towards a Wentzel-
Bardeen singularity.

TT 26.2 Mon 16:15 POT 006
In-situ x-ray diffraction during MBE growth of InAs
nanowires on Si — eANDREAS BIERMANNS!, ANTON DAVYDOK!,
EMMANOUIL DiMAKIS?3, MASAMITU TAKAHASIY, TAKUO SASAKIY,
Lutz GEELHAAR2?, and ULLRICH Pierscu! — 1Universitét
Siegen, Festkorperphysik, Germany — 2Paul-Drude-Institut fiir
Festkorperelektronik, Berlin, Germany — SHelmholtz-Zentrum
Dresden-Rossendorf, Germany — “*Quantum Beam Science Direc-
torate, Japan Atomic Energy Agency, Hyogo, Japan

Compared to the vapor-liquid-solid growth modes of group I1I-V semi-
conductor nanowires (NWs), e.g. Au-assisted growth or the self-
assisted growth of GaAs NWs, it is a matter of intense debate whether
or not liquid Indium is involved during the self-assisted growth of InAs
NWs. Here, we present the results of an in-situ study of the nucleation
phase of InAs NW growth on Si (111). X-ray scattering and diffraction
methods have been employed during NW-growth at the synchrotron
beamline 11XU at SPring-8 using a MBE chamber integrated with a
surface diffractometer. The characteristic scattering signals from lig-
uid In as well as the diffracted intensity of the crystalline NWs growing
in the wurtzite (WZ) phase have been monitored during growth. We
find that liquid In is present during the initial stage of growth, associ-
ated with the formation of extended WZ segments in the NWs. After
the nucleation phase of the NWs, the liquid In vanishes, accompanied
by a more defective crystal structure with a large number of stacking
faults. The results are in accordance with a growth model, predicting
a transition from locally In-rich to locally As rich conditions.

TT 26.3 Mon 16:30 POT 006
Ga droplet templates: Density control of self-assisted GaAs
nanowires — eHANNO KUPERS, FAEBIAN BASTIMAN, CLAUDIO SOMAS-
CHINI, and LUTZ GEELHAAR — Paul-Drude-Institut fiir Festkorperelek-
tronik, Hausvogteiplatz 5-7, 10117 Berlin

The self-assisted growth of GaAs nanowires (NWs) on Si is a popular
approach for integrating ITI-V materials on Si. However, growth on
unpatterned Si substrates suffers from a lack of control over nanowire
density and a high degree of parasitic growth. We report on a new two-
step NW density control technique for self-assisted GaAs nanowires
grown on Si(111) by molecular beam epitaxy. The first step involves
pre-depositing Ga on the substrate utilising a relatively high Ga flux
at elevated temperatures. The Ga droplet density can be controlled
by changing the magnitude of the Ga flux and the duration of the Ga
pre-deposition time. The resulting Ga droplet template provides se-
lective density control for ensuing NW growth. In this second step a
maximum of 50% of the Ga droplets can be successfully converted into
vertical NWs. The magnitude of the As flux and the size distribution
of the Ga droplets underpins both the observed NW yield and the type
of parasitic growth. A 10% improvement in the vertical yield can be
gained by including a droplet ripening step before As flux exposure in
order to narrow the droplet size distribution, but the Gaussian nature
of the distribution prevents access to a 100% vertical yield.

TT 26.4 Mon 16:45 POT 006

Location: POT 006

Transport measurements of ballistic quantum wires exposed
to two magnetic spikes. — eBERND SCHULER', Mi#Al CERCHEZ!,
HeNGYI XUl, THOoMAS HEINZEL!, and ANDREAS WIECKZ — 1Heinrich-
Heine-Universitit, 40225 Diisseldorf, Germany — 2Ruhr-Universitit,
44780 Bochum, Germany

Quantum point contacts (QPC) are still fascinating elementary struc-
tures, which can lead in combination with localized magnetic fields
to quite interesting effects [A. Tarasov et al., Phys. Rev. Lett. 104,
186801 (2010)]. We have designed a ferromagnet/semiconductor hy-
brid structure device which consists of a combination of an AFM-
defined QPC and localized magnetic fields in the form of two magnetic
spikes (magnetic barriers) at sub-micron distances inside the chan-
nel. The transport measurements are performed in the open regime of
the QPC as function of a superimposed, homogeneous perpendicular
magnetic field and as function of the barrier height. On top of the
mode depopulation we found transmission resonances which could be
explained with theoretically predicted signatures of zero-dimensional
states weakly bound by the magnetic field [H. Xu et al. Phys. Rev. B
84, 035319 (2011)].

TT 26.5 Mon 17:00 POT 006
Resistance profiling of freestanding GaAs nanowires by
multitip STM — eSTEFAN KORTE!, MArTHIAS STEIDLZ, HU-
BERTUS JUNKER!, WEIHONG ZHAO2, WERNER PROST3, VASILY
CHEREPANOV!, BERT VOIGTLANDER', PETER KLEINSCHMIDT?, and

TuoMAs HANNAPPEL? — lPeter Griinberg Institut (PGI-3),
Forschungszentrum Jiilich, 52425 Jilich, Germany, and JARA-
Fundamentals of Future Information Technology — 2Photovoltaics

Group, Institute for Physics, Technische Universitat Ilmenau, 98684
Ilmenau, Germany — 3CeNIDE and Center for Semiconductor Tech-
nology and Optoelectronics, University of Duisburg-Essen, 47057 Duis-
burg, Germany

Due to their specific one-dimensional geometry, I1II-V semiconductor
nanowires are promising candidates for future optoelectronic devices.
However, for the fabrication of novel high performance nanowire de-
vices a precise control of doping profile is indispensable. We use a
multitip STM as nanoprober to reveal the electrical transport prop-
erties of freestanding GaAs nanowires. p-doped GaAs nanowires are
grown by Au-assisted metal-organic vapor-phase epitaxy (MOVPE) on
GaAs(111)B and GaP(111)B substrates. Conductance profiles along
the nanowires were obtained with four point probe measurements.
Nanowires grown on different substrates, using a two temperature step
growth mode or constant substrate temperature, all exhibit highly non-
linear axial resistance profiles.

TT 26.6 Mon 17:15 POT 006
Investigation of the electrical properties of freestanding Zn-
doped GaAs nanowires by a multitip STM — eMATTHIAS
STEIDL', HUBERTUS JUNKER?, WEIHONG ZHAO!, STEFAN KORTEZ,
WERNER PROST3, VASILY CHEREPANOVZ, BERT VOIGTLANDER?, PETER
KLEINSCHMIDT!, and THOoMAS HANNAPPEL! — Photovoltaics Group,
Institute for Physics, Technische Universitat Ilmenau, D-98684 Ilme-
nau — 2Peter Griinberg Institut (PGI-3), Forschungszentrum Jiilich,
D-52425 Jiilich and JARA-Fundamentals of Future Information Tech-
nology — 3CeNIDE and Center for Semiconductor Technology and
Optoelectronics, University of Duisburg-Essen, D-47057 Duisburg

The specific geometry of III-V semiconductor makes III-V semiconduc-
tor nanowires (NWs) to promising building blocks for novel semicon-
ductor devices in future electronic and opto-electronic applications. In
this context a homogeneous distribution of the dopant over the whole
NW is of great importance. We have grown p-type Zn-doped GaAs-
NWs on GaP(111)B using the Au-assisted vapor-liquid-solid growth
mode in a metal-organic vapor phase apparatus with different growth
procedures. For the electrical characterization we apply a multitip
STM as a nanoprober and conduct four-point probe measurements on
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single free-standing NWs. With this technique we are able to measure
resistance profiles with a high spatial resolution over almost the whole
length of a nanowire. These measurements reveal that the resistivity
is both dependent on the growth condition and the part of the NW.
Generally, the resistivity at the NW base is orders of magnitude larger
compared to the upper part of the NW.

TT 26.7 Mon 17:30 POT 006
Investigation of top-gated InAs nanowires with HfOs di-
electric — eMARION RosiEN'2, TORSTEN RIEGER!:2, SEBASTIAN
Heepr!h2, ToORSTEN JORRES'2, THOMAS SCHAPERS'2, DETLEV
GRrUTZMACHERS2, and MiHAIL ToN Lepsal2 — 1Peter Griinberg In-
stitute - 9, Forschungszentrum Jiilich GmbH, 52425 Jiilich, Germany
— 2JARA-Fundamentals of Future Information Technology

Electrical characteristics of top-gated InAs nanowire field effect tran-

sistors (FETs) with HfO2 high-k gate dielectric are presented. The
nanowires with diameters of about 60 to 80 nm are grown by molecu-
lar beam epitaxy (MBE) and coated with HfO2. The HfO2 is deposited
ex-situ by atomic layer deposition (ALD), which benefits from a high
conformity and a good thickness control. To investigate the impact
of the gate, the oxide thickness is varied between 2 and 8 nm. Trans-
fer times between the MBE and ALD are kept as short as possible to
avoid any contamination. The nanowires are individually contacted by
Ti/Au electrodes. The HfO2 acts as an omega shaped gate dielectric
with Ti/Au gate metal. The quality of the oxide and the interface
between the nanowire and the dielectric is analyzed by DC electrical
measurements of the FETs. In order to derive transport parameters
from the measurements, the capacitance of the top gate is simulated
for each individual nanowire. The carrier mobility and concentration,
peak transconductance and the on/off ratio are presented and dis-
cussed.

TT 27: Topological Insulators: Mostly Interaction with Magnetic Fields (organized by HL)

Time: Monday 15:45-17:45

TT 27.1 Mon 15:45 POT 081
SQUID devices built form S-TI-S junctions based on mercury
telluride (HgTe) — eLuis MAIER, MANUEL GRIMM, CHRISTOPHER
ARMES, CHRISTOPH BRUNE, HARTMUT BUHMANN, and LAURENS W.
MOLENKAMP — Physikalisches Institut (EP3), Universitdt Wiirzburg,
97074 Wiirzburg

In the search for Majorana fermions, one way to show their existence
requires an interface of a s wave superconductor and a strong topo-
logical insulator (TI) [1]. It has already been shown, that a three-
dimensional, strained layer of HgTe shows dominant surface conduc-
tance in magnetotransport measurements and thus is considered as
a 3D-TI [2]. Here we investigate the interaction of superconducting
contacts with Dirac Fermions.

S-T1I-S junctions based on HgTe and Nb have already been fabricated
and characterized successfully [3]. As a next step in this research we
created SQUID structures to further study the current phase relation
in these special devices. In this talk we are going to present our re-
cent results searching for deviations from normal behaviour that could
point to TI or Majorana interactions.

[1] L. Fu and C. L. Kane, Phys. Rev. Lett. 100, 096407 (2008)

[2] C. Briine et al., Phys. Rev. Lett. 106, 126803 (2011)

[3] J. Oostinga et al., Phys. Rev. X 3, 021007 (2013)

TT 27.2 Mon 16:00 POT 081
Quantum Interferences of Dirac fermions in Bi2Se3 nanos-
tructures — eLOUIS VEYRAT, JOSEPH DUFOULEUR, ROMAIN GIRAUD,
HANNES FUNKE, SILKE HAMPEL, CHRISTIAN NOWKA, JOACHIM SCHU-
MANN, and BERND BUCHNER — IFW-Dresden, Dresden, Germany

Recently discovered Z2 topological insulators (TIs) are ideally con-
ducting at their interface only, where a gapless band structure forms.
In a strong 3D TI, such as Bi2Se3, surface states are spin-chiral Dirac
fermions with an odd number of Dirac cones. However, in real mate-
rials, the finite bulk conductivity often prevents the study of surface-
state transport. We show that mesoscopic transport measurements
can unambiguously reveal the specific properties of spin-chiral Dirac
fermions in a Bi2Se3 nanostructure [1]. The quantum conductance
of a nanowire exhibits Aharonov-Bohm oscillations which result only
from surface-state transport. At very low temperatures, the temper-
ature dependence of their amplitude unveils the quasi-ballistic nature
of charge transport, which is the signature of the weak coupling of
quasi-particles to their environment. Our results further reveal the
weak scattering by structural disorder, giving another evidence of the
specific nature of spin-chiral Dirac fermions in a strong 3D TI. Fur-
thermore, new physics evidenced in the study of UCF in a nanowire,
could be the signature of a perfectly transmitted mode in a nanowire
geometry [2].
[1] J. Dufouleur et al., Phys. Rev. Lett. 110, 186806 (2013)
[2] J. Bardarson et al., Phys. Rev. Lett. 105, 156803 (2010)

TT 27.3 Mon 16:15 POT 081
Thermal and Electrical Transport of Single-Crystalline Bis-
muth Telluride Nanowires — eBACEL HAMDOU!, JOHANNES
KmvuiNg!, JonaNNEsS GoorH!, Aucust DORN!, ECKHARD PIPPELZ,
RAIMAR ROSTEK®, PETER WoIias?, and KORNELIUS NIELSCH!

Location: POT 081

Hnstitute of Applied Physics, University of Hamburg, Germany —
2Max Planck Institute of Microstructure Physics, Halle, Germany
— 3Department of Microsystems Engineering, University of Freiburg,
Germany

BipTes is a topological insulator (TI), a phase of matter that has a
bulk bandgap and gapless electronic surface states protected by time-
reversal symmetry. Studying topological surface states via electrical
transport measurements is still very difficult due to large bulk con-
tribution to conductivity originating from unintentional doping and
the small bulk band gaps, which are typical for TI materials. We re-
port on thermal and electrical transport measurements on individual
single-crystalline bismuth telluride nanowires (NWs), synthesized via
catalytic growth and post-annealing in a Te-rich atmosphere. The re-
sulting BigTes NWs show reproducible electronic transport properties
that are close to those of intrinsic bulk BizTes. Further, magnetore-
sistance measurements were performed at temperatures down to 2 K.
The parallel magnetoresistance curves exhibit Aharonov-Bohm oscilla-
tions, which indicate the presence of topological surface states. Anal-
yses of Subnikov-de Haas oscillations in perpendicular magnetoresis-
tance yield extremely low two-dimensional carrier concentrations and
effective electron masses, and very high carrier mobilities.

TT 27.4 Mon 16:30 POT 081
Ambipolar quantum Hall effect in strained bulk HgTe —
oCORNELIUS THIENEL, JONAS WIEDENMANN, STEFFEN WIEDMANN,
CHRISTOPH BRUNE, CHRISTOPHER AMES, HARTMUT BUHMANN, and
LAURENS W. MOLENKAMP —
Universitat Wiirzburg, Experimentelle Physik 11

Strained bulk HgTe has been identified as three-dimensional topologi-
cal insulator [Phys. Rev. Lett. 106, 126803 (2011)]. A Dirac-specific
quantum Hall sequence can unambiguously be demonstrated in trans-
port measurements. Furthermore we identify two subsets of Landau
levels that originate from the topological surface states.

Improving the quality of the interfaces hosting the surface states by
introducing additional buffer and cap layers to the structure increases
the carrier mobilities in the topological states and makes it possible
to observe the quantum Hall effect of electrons and holes in a wide
gate voltage range. The detection of p-type QHE points towards a
suppressed interaction between bulk and surface states.

TT 27.5 Mon 16:45 POT 081
Weak antilocalization effects in systems with Dirac-like en-
ergy dispersion — eANDREAS BUDEWITZ, MATHIAS MUHLBAUER,
BAsSTIAN BUTTNER, GRIGORY TKACHOV, EWELINA M. HAN-
KIEWICZ, CHRISTOPH BRUNE, HARTMUT BUHMANN, and LAURENS W.
MOLENKAMP — Universitdt Wiirzburg, Lehrstuhl fiir experimentelle
Physik ITI

HgTe quantum wells (QW) have been identified as topological insu-
lator (TI) by appearence of the QSHE [1]. It has been shown that
the band structure of HgTe QWs has to be described by a four band
model revealing a Dirac like dispersion [2, 3]. Here now we investi-
gate the weak antilocalization (WAL) effect in various n-conducting
HgTe QWs. We analyse the magnetoresistance of a set of quasi one-
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dimensional wires and clearly observe different WAL amplitudes for
normal and inverted band ordering which does not depended on the
structural inversion asymmetry (SIA). The data demonstrate that a
non-universal Berry phase which exceeds m, the characteristic value
for gapless Dirac fermions, is needed to explain the different observa-
tions in our measurements.

[1] M. Koénig, S. Wiedmann, C. Briine, A. Roth, H. Buhmann, L.
W. Molenkamp, X.-L. Qi and S.-C. Zhang, Science 318, 766 (2007)

[2] B. A. Bernevig, T. L. Hughes and S. C. Zhang, Science 318, 1757
(2006)

[3] B. Biittner, C.-X. Liu, G. Tkachov, E. G. Novik, C. Briine, H.
Buhmann, E. M. Hankiewicz, P. Recher, B. Trauzettel, S.-C. Zhang,
and L. W. Molenkamp, Nature Phys. 7, 418 (2011)

TT 27.6 Mon 17:00 POT 081
Giant Photocurrents in a Dirac Fermion System at Cy-
clotron Resonance — oC. Zoru!, P. OLBRICH!, P. VIERLING!, K.-
M. DanTscHER!, G.V. BUDKIN?, S.A. TARASENKO?, V.V. BEL'’KOVZ,
D.A. Kozrov3, Z.D. Kvon3, N.N. MIKHAILOV3, S.A. DVORETSKY?3,
and S.D. GANICHEV! — 1Terahertz Center, Regensburg, Germany —
2Toffe Institute, St. Petersburg, Russia — 3Institute of Semiconductor
Physics, Novosibirsk, Russia

We report on the observation of giant photocurrents in HgTe/HgCdTe
quantum wells (QW) of critical thickness at which a Dirac spectrum
emerges [1]. Exciting QW of 6.6 nm width by terahertz radiation and
varying an external magnetic field we detected a resonant photocur-
rent. Remarkably, the position of the resonance can be tuned from
negative (-0.4 T) to positive (up to 1.2 T) magnetic fields by means
of optical doping. The photocurrent data, accompanied by measure-
ments of radiation transmission, as well as, magnetotransport, prove
that the photocurrent is caused by cyclotron resonance in a Dirac
fermion system. This allows us to obtain the effective electron veloc-
ity v &~ 7.2 x 10°> m/s. We develop a microscopic theory of the effect
and show that the inherent spin-dependent asymmetry of light-matter
coupling in the system of Dirac fermions causes the electric current to
flow.

[1] P. Olbrich, C. Zoth, P. Vierling et al., PRB 87, 235439 (2013)

TT 27.7 Mon 17:15 POT 081
Quantum Oscillations of Photogalvanic Effect and Spin Or-
bit Interaction Effect in HgTe Quantum Wells — oK.-M.
DanTscHER!, C. ZoTH!, P. OLBRICH!, V.V. BELKOVZ, M.A. SEMINAZ,
M.M. Grazov?, L.E. Gorus3, D.A. KozLov3, Z.D. Kvon3, N.N.
MIKHAILOV3, S.A. DVORETSKY?, and S.D. GANICHEV! — 1University
of Regensburg, Regensburg, Germany — 2Toffe Institute, St. Peters-

burg, Russia — 3Institute of Semiconductor Physics, Novosibirsk, Rus-
sia

We report on the observation of quantum oscillations in HgTe/HgCdTe
quantum well (QW) structures of different widths, which are charac-
terized by an inverted, normal and even Dirac like bandstructure [1,2].
Exciting the QWs by terahertz radiation and sweeping an external
magnetic field we observed a resonant photocurrent [3] which shows
pronounced oscillations. The photocurrent data are accompanied by
measurement of photoconductivity, radiation transmission, as well as,
magneto-transport. A comparison of the results shows that the pho-
tosignal is enhanced at cyclotron resonance position and is modulated
by Shubnikov-De Haas oscillations. Furthermore we present a micro-
scopic model of a magnetic field dependent oscillating current taking
into account the oscillations of spin polarization and of conductivity.

(1] Z.D. Kvon et al., JETP Letters 94, 816-819 (2011)
(2] A. Bernevig et al., Science 314, 1757 (2006)
[3] P. Olbrich et al. Phys. Lett B 87, 235439 (2013)

TT 27.8 Mon 17:30 POT 081
Strong Out-of-Plane Magnetic Anisotropy of Fe Adatoms
on BixTez — eTHOoMAS EELBO!, MARTA WaS$NIOWSKAL, MARCIN
SIKORAZ2, MICHAL DOBRZAKSKI?, ANDRzZEJ K0zZLOWSKIZ, ARTEM
PULKIN®, GABRIEL AuTES?, IRENEUSZ MIOTKOWSKI?, OLEG YAZYEVS,
and ROLAND WIESENDANGER! — lInstitute of Applied Physics, Uni-
versity of Hamburg, Germany — 2Faculty of Physics and Ap-
plied Computer Science, AGH University of Science and Technology,
Krakow, Poland — 3Institute of Theoretical Physics, Ecole Polytech-
nique Fédérale de Lausanne (EPFL), Switzerland — “Department of
Physics, Purdue University, West Lafayette, USA

Topological insulators (TIs) are currently in the focus of fundamen-
tal physics. The interaction of magnetic impurities with TIs is widely
unexplored on the local scale and might potentially entail interest-
ing properties of the TIs in view of applications in spintronics. To
this end, we studied the structural, electronic, and magnetic prop-
erties of individual Fe atoms adsorbed on a BizTe3(111) surface by
means of scanning tunneling microscopy/spectroscopy (STM/STS),
X-ray absorption spectroscopy and X-ray magnetic circular dichroism
(XMCD) at low temperatures. STM reveals the existence of two dif-
ferent Fe species. Density functional theory-based calculations let us
assign these to atoms adsorbed on the fcc/hep hollow sites. STS proves
the existence of characteristic resonances for each type and XMCD ev-
idences a strong magnetic out-of-plane anisotropy of the Fe moments
in agreement with our calculations.

TT 28: Focussed Session: Frontiers of Electronic Structure Theory - Non-Equilibrium
Phenomena at the Nano-Scale Il (organized by O)

Time: Monday 16:00-18:45

Topical Talk TT 28.1 Mon 16:00 TRE Ma
Simulating heat transport: from large scale molecular dy-
namics to first-principles calculations — eDAVIDE DONADIO —
Max Planck Institute for Polymer Research, Mainz, Germany

The necessity to design materials and devices able to harness ther-
mal energy, and possibly convert it into more amenable energy forms,
has stimulated a major effort in the scientific community to under-
stand heat transport at the mesoscale and the nanoscale. In this talk I
will discuss different atomistic approaches to simulate nanoscale heat
transport, ranging from large scale molecular dynamics simulations
with classical empirical potentials at equilibrium and non-equilibrium
conditions, to lattice dynamics calculations with force-constants com-
puted by first principles. Applications will include silicon and carbon
nanostructures, phase-change materials and molecular junctions.

TT 28.2 Mon 16:30 TRE Ma
First principles study of thermal conductivity cross-over
in nano-structured Zinc-Chalcogenides — eANKITA KATRE!,
Atsusar ToGco?, RALF DrauTz!, and GrorG K. H. MADSEN! —
HICAMS, Ruhr-Universitit Bochum, 44801 Bochum, Germany —
2ESISM, Kyoto University, Sakyo, Kyoto 606-8501, Japan

Nano-structured Zinc-Chalcogenides are interesting for thermoelectric
applications due to their low thermal conductivity.[1] A simple model

Location: TRE Ma

study has reported how the thermal conductivity of ZnS, ZnSe and
ZnTe can potentially show a cross-over as a function of the maximal
mean free path of the phonons.[2] We have applied the Boltzmann
transport equation in the relaxation time approximation to verify this.
We find that thermal conductivity of ZnS crosses ZnSe and ZnTe and
explain this in terms of the different contributions of phonon modes
in these materials. Furthermore, the cross-over is found to be strongly
influenced by isotope scattering. The calculated thermal conductivity
is found to be strongly dependent on the volume and we explain the
observed differences between LDA and GGA calculations. We compare
further calculated thermal properties, such as the thermal expansion
coefficient, to experiment to validate our approach.

[1] L.Zhen, S.Qiao, D.Y.Xiang, H.Z.Zhong, and Q.L.Gao, J. Mater.
Chem. 22, 22821 (2012). [2] N.Mingo and D.Broido, Phys. Rev. Lett.
93, 246106 (2004).

TT 28.3 Mon 16:45 TRE Ma
Density-functional perturbation theory for lattice dynam-
ics with numeric atom-centered orbitals — eHONGHUI SHANG,
CHRISTIAN CARBOGNO, PATRICK RINKE, and MATTHIAS SCHEFFLER —
Fritz-Haber-Institut der MPG, Berlin

The response of the electronic structure to atomic displacements gives
rise to a variety of interesting physical phenomena, which can be
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probed by experimental techniques such as infrared or Raman spec-
troscopy or neutron diffraction. The response can be conveniently
computed from first principles by means of density-functional pertur-
bation theory (DFPT). Here we present our implementation in the
all-electron atom-centered numeric orbital code FHI-aims [1]. Our
approach combines the accuracy of an all-electron full-potential treat-
ment with the computationally efficiency of localised atom-centered
basis sets that is necessary to study large and complex systems. We
verified the accuracy of our DFPT implementation by comparing the
vibrational frequencies to finite-difference reference calculations and
literature values. Due to the atom-centered nature of the integration
grids in FHI-aims, the portion of the grid that belongs to a certain
atom also moves when this atom is displaced. Here we demonstrate
that, unlike for first derivatives (i.e. forces) [2], this moving-grid-effect
plays an important role for second derivatives (i.e. vibrational fre-
quencies). Further analysis reveals that predominantly diagonal force
constant terms are affected, which can be bypassed efficiently by in-
voking translational symmetry.
[1] V. Blum et al. Comp. Phys. Comm. 180, 2175 (2009)
[2] B. Delley, J. Chem. Phys. 94, 7245 (1991).

TT 28.4 Mon 17:00 TRE Ma
Breakdown of Fourier law in layered materials — e ANDREA
CEPELLOTTI', GIORGIA FUGALLO?, FRANCESCO MAURI3, and NicoLA
MAaRzARI! — 1THEOS, Ecole Polytechnique Fédérale, Lausanne —
2IMPMC, Universite Pierre et Marie Curie, Paris — 3LSI, Ecole Poly-
technique, Paris

We compute the thermal conductivity in crystalline layered materi-
als by solving the Boltzmann Transport Equation (BTE) for phonons
[1], with the phonon-phonon collision rates obtained from density-
functional perturbation theory. We find that in 2D materials, such
as graphene and related compounds, and even in 3D layered materi-
als, like bulk graphite, the single-mode relaxation time approximation
(SMRTA) cannot describe heat transport correctly, underestimating by
one order of magnitude or more thermal conductivities and phonons’
mean free paths. Instead, we show that the exact self-consistent solu-
tion of the BTE provides results in excellent agreement with experi-
mental measurements [2]. The shortcomings of the SMRTA lie in the
assumption that heat flow is transferred only by individual phonon
excitations, whereas in layered materials the transport can only be ex-
plained in terms of collective phonon excitations. The characteristic
length of these collective excitations is often comparable with that of
the experimental sample - as a result, Fourier’s law become question-
able, since its statistical nature makes it applicable only to systems
larger than a few mean free paths.
[1] G. Fugallo et al., Phys. Rev. B, 88, 045430 (2013).
[2] A. A. Balandin, Nat. Mater. 10, 569 (2011).

TT 28.5 Mon 17:15 TRE Ma
High Temperature Thermal Conductivity from First Princi-
ples — oCHRISTIAN CARBOGNO!, RAMPI RAMPRASAD?, and MATTHIAS
SCHEFFLER! — !Fritz-Haber-Institut der Max-Planck-Gesellschaft,
Berlin — 2Chemical, Materials & Biomolecular Engineering, Univer-
sity of Connecticut, Storrs, USA

In spite of significant research efforts, a first principles determination
of the thermal conductivity at high temperatures has remained elu-
sive. Under such conditions, Boltzmann transport techniques [1] that
include anharmonic effects only perturbatively become inaccurate or
even inapplicable. In this work, we overcome this limitation by per-
forming first-principles Green-Kubo simulations [2], in which all orders
of anharmonicity are incorporated by the means of ab initio molecular
dynamics. The thermal conductivity is then assessed from the auto-
correlation function of the heat flux in thermodynamic equilibrium.
We discuss the details of our implementation and the definition of
our heat flux that is based on the virial theorem. We validate our
approach by presenting calculations for ZrOs that also showcase the
importance of higher order anharmonic effects in materials with low
thermal conductivities. Eventually, we discuss how our technique can
be coupled to multi-scale models to achieve a computationally efficient
and accurate description of the thermal conductivity at the nanoscale.
[1] D. A. Broido et al., Appl. Phys. Lett. 91, 231922 (2007).

[2] R. Kubo, M. Yokota, S. Nakajima, J. Phys. Soc. Jpn. 12, 1203
(1957).

TT 28.6 Mon 17:30 TRE Ma

Accurate Modelling of the Polymorphism and Elastic Re-
sponse of Molecular Materials from First Principles —

e ANTHONY REILLY and ALEXANDRE TKATCHENKO — Fritz-Haber-
Institut der MPG, Berlin, Germany

Molecular materials are of great fundamental and applied importance
in science and industry, with numerous applications in pharmaceuti-
cals, electronics, sensing, and catalysis. A key challenge for theory has
been the prediction of their stability, polymorphism and response to
perturbations. While pairwise models of van der Waals (vdW) interac-
tions have improved the ability of density functional theory (DFT) to
model these systems, quantitative and even qualitative failures often
remain. Here, we show how a many-body description of vdW inter-
actions can dramatically improve the accuracy of DFT for molecular
materials, yielding quantitative description of stabilities and polymor-
phism for these challenging systems. Moreover, the role of many-body
vdW interactions goes beyond stabilities to response properties. In
particular, we have studied the elastic properties of a series of molecu-
lar crystals, finding that many-body vdW interactions can account for
up to 30% of the elastic response, leading to quantitative and qualita-
tive changes in elastic behavior. We will illustrate these crucial effects
with the challenging case of the polymorphs of aspirin, leading to a
better understanding of the conflicting experimental and theoretical
studies of this system.

TT 28.7 Mon 17:45 TRE Ma
Surface chemistry on nanostructured oxides: do we have to go
beyond hybrid DFT? — eDANIEL BERGER, HARALD OBERHOFER,
and KARSTEN REUTER — Technische Universitdt Miinchen, Germany

Nanostructured oxide surfaces are promising candidates for a wide
range of energy and catalysis applications. For first-principles mod-
eling of corresponding surface chemical reactions the current state-of-
the-art is generally defined by hybrid-level density-functional theory
(DFT). Systematic work assessing the achieved accuracy at this level
is nevertheless scarce, also owing to the fact that higher-level reference
methods are often not available for standard periodic boundary con-
dition supercell calculations. To this end, we present a study bench-
marking semi-local and hybrid DFT against (renormalized) second-
order perturbation theory (MP2,rPT2) as recently implemented in the
FHI-aims package [1]. We make the efficient usage of the latter theories
for oxide surfaces possible through a solid-state embedding framework,
in which a central cluster region is described quantum mechanically,
the long-range electrostatic interactions in the oxide are accounted for
through a polarizable monopole field, and a shell of norm-conserving
pseudopotentials correctly connects the two regions. We illustrate the
performance of the various levels of theories using the water-splitting
reaction at ideal and defected TiO2(110) surfaces as showcase. [1] X.
Ren et al., Phys. Rev. B 88, 035120 (2013)

TT 28.8 Mon 18:00 TRE Ma
Atoms-in-solids perspective on polarizabilities and van der
Waals coefficients in semiconductors — eGUO-XU ZHANG, AN-
THONY M. REILLY, ALEXANDRE TKATCHENKO, and MATTHIAS SCHEF-
FLER — Fritz-Haber-Institut der MPG, Berlin, Germany

The calculation of response properties of solids including their polariz-
abilities and van der Waals (vdW) coefficients usually requires the
knowledge of the full electronic bandstructure. For non-covalently
bound solids, such as noble-gas and ionic crystals, atoms-in-solids
model can be successfully utilized to define their polarizabilities. Here
we critically assess the atoms-in-solids model for covalently-bound
solids, ranging from wide-gap (10 eV) to narrow-gap (below 1 eV)
semiconductors. We model their response by assigning a single quan-
tum harmonic oscillator to every atom, where the parameters of the
oscillators are defined as functionals of the electron density, following
the Tkatchenko-Scheffler method [1]. The response function is then
calculated by solving self-consistent screening equations of classical
electrodynamics, without any explicit information about the electronic
bandstructure [2]. The calculated polarizabilities and vdW coefficients
for 23 semiconductors are compared with TDDFT and experimental
benchmark data, revealing an overall agreement within 10%. The effi-
ciency of our method and the accuracy of the calculated vdW param-
eters allows us to demonstrate the crucial role of vdW interactions in
the cohesive properties of the 23 semiconductors. [1] Tkatchenko and
Scheffler, PRL (2009); [2] Tkatchenko, DiStasio, Car, Scheffler, PRL
(2012).

TT 28.9 Mon 18:15 TRE Ma
Adsorption at semiconductor surfaces - an energy analy-
sis method — eRALF TONNER and MARC RAUPACH — Fachbereich
Chemie & Materials Sciences Centre, Philipps-Universitat Marburg,
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Germany

The chemical bond is one of the most fundamental concepts in chem-
istry. Classifications such as covalent, ionic or metallic bonding are
central in discussing trends in different compounds and predicting new
reactivity. Several very helpful concepts and methods were developed
to understand the chemical bond at surfaces.[1] The question about en-
ergetic contributions to surface chemical bonds on the other hand did
not receive great attention although energy changes are the ultimate
driving force in bond formation.

Starting from preliminary work by Philippsen and Baerends,[2] we
implemented all terms of an Energy Decomposition Analysis (EDA)
to obtain quantitative data about energetic contributions to chemical
bonding in periodic systems. This periodic EDA method was applied
to questions of chemisorption of organic molecules at semiconductor
surfaces where it can shed light on the nature of the surface-adsorbate
bonds.

[1] a) A. Nilsson, L. G. M. Pettersson, J. Ngrskov, Chemical Bond-
ing at Surfaces and Interfaces, Elsevier, Amsterdam, 2007; b) A. Gro8,
Theoretical Surface Science, Springer, Berlin, Heidelberg, 2009. [2] P.
H. T. Philipsen, E. J. Baerends J. Phys. Chem. B 2006, 110, 12470.

TT 28.10 Mon 18:30 TRE Ma

Non-local density functionals meet many-body dispersion: A
hybrid approach for van der Waals interactions — eJAN HER-

MANN, MATTHIAS SCHEFFLER, and ALEXANDRE TKATCHENKO — Fritz-
Haber-Institut der Max-Planck-Gesellschaft, Faradayweg 4-6, 14195
Berlin, Germany

Different approaches to treating van der Waals (vdW) interactions in
density-functional theory can be loosely divided into the atom-based
and the ones based on non-local functionals. The first type comprises
a range of methods from atom-pairwise additive schemes by Grimme
to many-body dispersion (MBD) approach of Tkatchenko et al. Usu-
ally, these methods require precalculated atomic parameters and thus
rely on information not explicitly contained in the electron density.
The other category consists of nonlocal functionals either of the Lan-
greth and Lundquist or the Vydrov and van Voorhis (VV) type. In
these approaches, the vdW interaction is obtained as a functional of
the electron density and at most a few tuning parameters are needed.

Here, we show that these two contrasting approaches can be syn-
ergistically combined. We use the polarizability from the nonlocal
functional of VV within the MBD method of Tkatchenko et al. Such
a combination is worthy for several reasons. First, it is an atom-
centered approach with no atomic parameters. Second, it puts aside
the problem of partitioning electron density between atoms, which can
be problematic in some cases. Third, it enables more direct compar-
ison of so far unrelated methods. Fourth, it highlights the idea of
combining working elements from different approaches.

TT 29: Graphene: Structural Properties (organized by O)

Time: Monday 16:00-19:00

TT 29.1 Mon 16:00 WIL C107
Vertical height of quasi-free standing monolayer graphene on
SiC(0001): an XSW study — eJ. SForzINI', T. DeNIGZ, T. L.
Lee3, C. Kumpr!, S. SuBacu!, U. Starkr2, F. C. BocQuET!, and
F.S. Tautz! — 'Peter Griinberg institute (PGI-3), Forschungszen-
trum Jiilich, 52425 Jiilich, Germany — 2Max Planck Institute for
Solid State Research, Heisenbergstrale 1, 70569 Stuttgart, Germany
— 3Diamond light source ltd, Harwell oxford, Didcot, Oxfordshire,
United Kingdom

We investigated a quasi-free standing monolayer graphene sample[1] on
SiC(0001) obtained by decoupling the buffer-layer from Si-terminated
surface by hydrogen intercalation. We used X-ray Standing Wave tech-
nique (XSW), combining dynamical diffraction and X-ray photoelec-
tron spectroscopy, to detect the coherent distribution of the chemically
different species (Si and C) at the interface. Our analysis shows two dif-
ferent carbon species (C in the graphene layer and C in the SiC bulk);
we find that the adsorption height of the graphene layer is slightly
higher than theoretically predicted. The discrepancy, attributed to
the very weak graphene-substrate intercation, is still challenging for
theory[2].

[1]Riedl, et. al., PRL, 103, 246804 (2009)

[2]Deretzis , et. al., Nanoscale, 5, 671-680 (2012)

TT 29.2 Mon 16:15 WIL C107
Epitaxial graphene nanostructures on SiC — eALEXANDER
SToHRY, STIVEN FOrTI!, ULRIKE WAIZMANN!, THOMAS REINDL!, JENS
BARINGHAUS?, ALEXEI ZAKHAROVS, CHRISTOPH TEGENKAMP2, and
ULRICH STARKE! — !Max-Planck-Institut fiir Festkorperforschung,
Stuttgart, CGermany — 2Institut fiir Festkorperphysik, Leibniz-
Universitit Hannover, Hannover, Germany — 3MAX IV Laboratory,
Lund University, Lund, Sweden

In recent years a lot of effort was put into the realization of graphene
devices, in view of their unique electronic properties and the potential
application in logical circuits. However, for the use in logical elec-
tronics a band gap would be required. This can be achieved by con-
fining the electrons into quasi-onedimensional graphene stripes, called
graphene nanoribbons. When patterning graphene, the altering of the
electronic properties by the mechanical attack on the ribbon edges as
well as residual resist is always an issue. For that matter we chose
to structure the SiC-samples before growing graphene, using electron
beam lithography and reactive ion etching. Subsequently, the graphene
was grown at elevated temperatures, which also removed the residual
resist. As a result onedimensional stripes could be obtained and were
decoupled from the substrate by intercalation of hydrogen. Charac-
terization by low-energy electron microscopy and angle-resolved pho-
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toemission spectroscopy proves the development of quasi-free standing
monolayer graphene ribbons.

TT 29.3 Mon 16:30 WIL C107
Moiré-induced Brillouin zone backfolding of graphene
phonons on Ir(111) — eMICHAEL ENDLICH!, ALEJANDRO MOLINA-
SANCHEZ?, HENRIQUE MIRANDAZ?, LUDGER WIRrTZz?, and JORG
KROGER! — !nstitut fiir Physik, Technische Universitit Ilmenau,
D-98693 Ilmenau — 2Physics and Material Sciences Research Unit,
University of Luxembourg, L-1511 Luxembourg

The moiré superstructure of graphene on Ir(111) leaves its character-
istic footsteps in the phonon dispersion. Replica of the phonon disper-
sion branches of singly oriented graphene on Ir(111) have been deter-
mined throughout the entire surface Brillouin zone with angle-resolved
inelastic electron scattering. These replica are rationalized in terms of
phonon backfolding induced by the graphene moiré superlattice.

TT 29.4 Mon 16:45 WIL C107
Back Focal Plane Imaging of Raman Scattering from
Graphene — eHARALD BUDDE, XIAN SHI, NICOLAI HARTMANN, and
AcHIM HARTSCHUH — Department Chemie und CeNS, LMU Miinchen,
Germany

Raman Scattering Spectroscopy is a powerful technique for studying
graphene and other sp2 carbon materials [1]. We combined Raman
Spectroscopy with back focal plane (BFP) imaging , a method used
to visualize the angular distribution of emitted or scattered light. As
an example BFP imaging allows to determine the orientation of sin-
gle dipolar emitters [2, 3]. For graphene on glass Raman BFP images
mainly reflect the polarization characteristics of the different phonon
modes. On thin gold films emission from graphene leads to the exci-
tation of propagating surface plasmon polaritons.

[1] A. Ferrari, D. Basko, Nat. Nanotech 8, 235-246, 2013.

[2] M. Lieb, J. Zavislan, L. Novotny, J. Opt. Soc. Am. B 21,
1210-1215, 2004.

[3] N. Hartmann, G. Piredda, J. Berthelot, G. Colas des Francs, A.
Bouhelier, A. Hartschuh, Nano Lett. 12, 177-181, 2012.

TT 29.5 Mon 17:00 WIL C107
Ion Irradiation of Metal-Supported Graphene: Exploring
the Role of the Substrate — eCHARLOTTE HERBIG!, HARRIET
AHLGRENZ, SABINA SIMON!, CARSTEN Bussel, JANI KOTAKOSKIZ3,
ARKADY V. KRASHENINNIKOVZ4, and THOMAS MICHELY! — II. Phys.
Inst., Universitit zu K6ln, Germany — 2Dept. of Phys., University of
Helsinki, Finland — 3Faculty of Phys., University of Vienna, Austria
— 4Dept. of Appl. Phys., Aalto University, Finland
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Ton irradiation effects on 2D materials are an emerging subject, trig-
gered by graphene’s (Gr) potentials in applications. For supported Gr
the effect of the substrate on ion beam damage and annealing is impor-
tant. We investigate the behavior of high quality Gr, weakly coupled to
Ir(111), to low energy noble gas ion irradiation by scanning tunneling
microscopy (STM), molecular dynamics simulations, and density func-
tional theory (DFT). For a freestanding layer, sputtered atoms leave
the layer either in forward or backward direction. For metal-supported
Gr, only C atoms carrying backward momentum are sputtered while
atoms carrying forward momentum are trapped. As evident from STM
and DFT, trapped C atoms form nm-sized Gr platelets at the interface
upon annealing at 1000K, assisted by substrate defects. The incorpo-
ration into the Gr layer is suppressed due to high migration barriers,
while diffusion into the Ir is energetically unfavorable. By measuring
the area fraction of the platelets, we obtain the trapping yield, i.e., the
number of trapped C atoms per incident ion. Interestingly, compared
to the sputtering yield, the trapping yield for Gr on Ir(111) displays a
distinctly different dependence on the ion beam angle of incidence.

TT 29.6 Mon 17:15 WIL C107
Ab initio study of graphene on O-intercalated Ir(111) sur-
face and its functionalization via molecular adsorption —
eVASILE CAcIUC, NICOLAE ATODIRESEI, and STEFAN BLUGEL — Pe-
ter Griinberg Institut (PGI-1) and Institute for Advanced Simulation
(IAS-1), Forschungszentrum Jilich and JARA, 52425 Jiilich, Germany

To integrate graphene in molecular electronics and spintronics devices
it is crucial to understand how the strength of the graphene-metal
electrode interaction can be specifically tuned. One possibility to loose
or strengthen this interaction is to intercalate adatoms with different
chemical reactivity between graphene and the metal surface in ques-
tion. We will analyse this approach from first principles by considering
the case of the O-intercalated graphene on Ir(111) [1]. Another path
is to analyse how the adsorption of m—conjugated organic molecules
can affect the electronic structure of a quasi-freestanding graphene
layer. We investigated this issue by performing spin-polarized density
functional theory (DFT) for a trioxotriangulene-derivate molecule [2]
on graphene. Importantly, as already demonstrated in [3], for such
systems it is mandatory to include the dispersion interaction and in
our ab initio study these long-range van der Waals interactions were
considered at a semi-empirical [4] or first-principle [5] level.

[1] E. Granés et al., ACS Nano. 6, 9951 (2012).

[2] Y. Morita et al., Nat. Mater. 10, 946 (2011).
[3] C. Busse et al., Phys. Rev. Lett. 107, 036101 (2011).
[4] S. Grimme, J. Comput. Chem. 27, 1787 (2006).
[5] M. Dion et al., Phys. Rev. Lett. 92, 246401 (2004).

TT 29.7 Mon 17:30 WIL C107
From two to three dimensions: The effect on the Coulomb
interaction by increasing the dimensionality in layered mate-
rials — oM. ROSNER!, E. SasiocLu?, C. FrRIEDRICH?, S. BLUGELZ,
A.1. LicaTeNsTEIN®, M.I. KATSNELSON?, and T.0O. WEHLING! —
Hnstitut fiir Theoretische Physik and Bremen Center for Compu-
tational Materials Science, Universitdt Bremen, Bremen, Germany
— 2Peter Griinberg Institut and Institute for Advanced Simulation,
Forschungszentrum Jiilich and JARA, Jiilich, Germany — 3I. Institut
fiir Theoretische Physik, Universitdt Hamburg, Hamburg, Germany —
4Radboud University Nijmegen, Institute for Molecules and Materials,
AJ Nijmegen, The Netherlands

We study the Coulomb repulsion and the dielectric screening in mono-,
bi- and tetralayer graphene as well as in graphite. We discuss the tran-
sition from 2D systems to the bulk structure in layered materials with
regard to the (non) local Coulomb interactions. Therefore, we use ab
initio constrained random phase (cRPA) calculations to get reliable
data in a first step. By tailoring the resulting Coulomb interaction
in classical electrostatic models afterwards, we find the following: In
addition to the effective height of each layer especially the direction
dependence and the non-locality of the dielectric function are the keys
to understand the screening effects in these structures. Thereby, we
discuss models to estimate the Coulomb interaction of the 2D systems
by using exclusively the bulk data as input. We apply these rules to
calculate the Coulomb interaction in graphene on iridium and find a
very good agreement with ab initio data.

TT 29.8 Mon 17:45 WIL C107
Graphene nanolithography with 2.5 nm precision: combining
bottom-up and top-down techniques — e ANTONIO J. MARTINEZ-
GaLERAL2, TvAN Brinvecal3, ANGEL GUTIERREz-RUBIO!, TOBIAS

STAUBERY?, and Jost M. GOMEz-RODRIGUEZ!+3 IDepartamento
Fisica de la Materia Condensada, Universidad Auténoma de Madrid,
E-28049 Madrid, Spain — 2Present address: II. Physikalisches Institut,
Universitat zu Koln, Ziilpicher Straflie 77, 50937 Koéln, Germany. —
3Condensed Matter Physics Center (IFIMAC), Universidad Auténoma
de Madrid, E-28049 Madrid, Spain.

The selective modification of pristine graphene represents an essential
step to fully exploit its potential. The work presented here overcomes
one of the remaining challenges key for the comprehensive integra-
tion of graphene in real devices: the realization of lithography below
10 nm sizes. Specifically, we have developed a perfectly reproducible
nanolithographic technique for graphene that allows, by means of an
STM tip, to modify with 2.5 nm accuracy the electronic properties
of graphene monolayers epitaxially grown on Ir(111) surfaces. This
method can be carried out also on micrometer sized regions and the
structures so created are stable even at room temperature. As a re-
sult, we can strategically combine graphene regions presenting large
differences in their electronic structure to design graphene nanostruc-
tures with tailored properties. Therefore, this novel nanolithography
method could open the way to the design of nanometric graphene-
based devices with specific functionalities. In particular, we explore
here the possibility of developing a new platform for plasmonics.

TT 29.9 Mon 18:00 WIL C107
Relaxation of compressive stresses in graphene through
mobile nanoripples — ePETER KLAVER, SHOUEN ZHU, MARCEL
SLUITER, and GUIDO JANSSEN — Delft University of Technology, Delft,
Netherlands

Graphene monolayers have a far smaller thermal expansion coefficient
than the Cu substrates on which they are often grown through CVD
at high temperature. Once the Cu substrate and graphene mono-
layer are cooled down to room temperature, the Cu contracts 1.5-
2.0% more than the graphene. Yet various experiments do not show
graphene layers on Cu to be under significant compressive stress. We
present molecular dynamics simulations that show that under com-
pressive stress, small ripples of just a few nm wide appear that absorb
the excess graphene area. These ripples are quite mobile, even at
room temperature. Their movement offers a mechanism to remove the
compressive stress in graphene while keeping it flat, by absorbing the
ripples into larger ripples (like those that have formed around bunches
of step edges) or by eliminating the ripples at the edges of graphene
islands. The relaxation of stresses through the movement of nanorip-
ples is somewhat analogous to flattening out a red carpet by gradually
moving a wrinkle away to the carpet edge instead of pulling the entire
carpet all at once. The ease with which stresses in graphene relax, is
not directly determined by the corrugation energy.

TT 29.10 Mon 18:15 WIL C107
Epitaxial graphene nanoflakes on Au(111) and Ag(111l) —
eJuLIA Tescu!, PHILIPP LEICHT!, LUKAS ZIELKE!, RIKO MORONI!,
BERND ILLING!, LucA GRAGNANIELLO!, FELIX BLUMENSCHEIN',
ELENA VOLOSHINAZ, LUKAS HAMMERSCHMIDT®, LUKAS MARSONER
STEINKASSERER®, BEATE PAULUS?, YURIY DEDKOV?, and MIKHAIL
FoniN! — 1Fachbereich Physik, Universitit Konstanz — 2Institut fiir
Chemie, HU Berlin — 3Institut fiir Chemie und Biochemie, FU Berlin
— 4Fritz-Haber-Institut der MPG, Berlin

In zig-zag edge terminated graphene nanoribbons or nanoflakes
(GNFs), confinement of electrons is predicted to give rise to edge
states with magnetic moments. However, the experimental observa-
tion of edge effects is impeded by the inevitable presence of substrates
that interact with the flake edges, hence masking the GNFs’ intrinsic
properties. In the attempt of reducing the graphene substrate inter-
action, we use an entirely UHV based approach for the preparation of
GNFs on Au(111) and Ag(111) surfaces allowing for flake sizes down
to 10 nm. GNFs on Ir(111) are prepared by temperature programmed
growth [1] and subsequently covered by deposition of several nm of
Au or Ag. After post-annealing, the flakes diffuse through the Au or
Ag film and form embedded or floating graphene flakes. In scanning
tunnelling microscopy (STM), the edges of floating GNFs are found to
be singly hydrogen terminated and entire flakes can be laterally dis-
placed with the STM tip on both Au and Ag surfaces, suggesting a
considerable reduction of graphene-substrate interactions compared to
other metals. [1] Coraux et al., New J. Phys. 11, 023006 (2009)

TT 29.11 Mon 18:30 WIL C107
Scatttering and electronic structure in graphene nanoflakes
on Au(111) — ePHILIPP LEICHT!, LUKAS ZIELKE!, SAMUEL
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BouvroN!,  JuLia Tescu!, FELIX BLUMENSCHEIN', Luca
GRAGNANIELLO!, LUKAS MARSONER STEINKASSERER?, BEATE
PAULUS?, ELENA VOLOSHINA®, YURIY DEDKOV#, and MIKHAIL FONIN®
— 1Fachbereich Physik, Universitiat Konstanz — 2Institut fiir Chemie
und Biochemie, FU Berlin — S3Institut fiir Chemie, HU Berlin —
4Fritz-Haber-Institut der MPG, Berlin

Confinement of electrons in graphene quantum dots and nano ribbons
with atomically well defined edges represents an exciting field of re-
search, owing to predicted peculiar electronic and magnetic properties.

Here, we present scanning tunneling microscopy (STM) investiga-
tions of graphene nano flakes (GNFs) prepared by temperature pro-
grammed growth on Ir(111) [1] and subsequent intercalation of Au for
electronic decoupling. The electronic properties of the graphene flakes
are addressed by scanning tunneling spectroscopy. Within our atomi-
cally resolved constant-energy maps we can probe the electronic states
of the graphene electrons exploiting the intervalley scattering. The
hereby obtained dispersion relation shows a linear behavior and can
be unambiguously discriminated from the parabolic dispersion rela-
tion of the Au(111) surface state electrons. The intervalley scattering
of graphene electrons forms discs in the Fourier transforms of constant-
energy maps, which include additional scattering features compared to

monolayer graphene.
[1] Coraux, J. et al., New J. Phys. 11, 023006 (2009)

TT 29.12 Mon 18:45 WIL C107
Improved effective theories for edge magnetism — e CORNELIE
Koopr and MANUEL SCHMIDT — Institut fiir Theoretische Festkorper-
physik, RWTH Aachen University, Deutschland

We consider the effective interaction between edge states in graphene
nanoribbons. Low-energy edge states come along with a strongly
enhanced density of states near the graphene edges, which makes
electron-electron correlation important and gives rise to the so-called
edge magnetism. In a pristine nanoribbon in first order, there is a
direct ferromagnetic intra-edge coupling and an antiferromagnetic in-
teraction between opposite edges. We study the coupling by means of
an effective model yielding a separation between edge and bulk states.
In particular we investigate the influence of the bulk states on the
effective edge state theory via a second order Schrieffer-Wolff trans-
formation. Using both numeric and analytic methods, we calculate
various correlation functions. We discuss the results for the effective
correlations between smooth edges as well as between the strongly lo-
calized states at rough edge structures.

TT 30: Superconductivity - Poster Session

Time: Monday 15:00-19:00

TT 30.1 Mon 15:00 P2
Sample size dependence of the Josephson behavior of the in-
terfaces in pyrolytic graphite — ANA BALLESTAR and ePABLO Es-
QUINAZI — Division of Superconductivity and Magnetism, University
of Leipzig, Leipzig, Germany

Transport properties of TEM lamella graphite samples with embed-
ded interfaces show evidence for granular superconductivity at elevated
temperatures [1]. We show that the observed transition temperature
decreases linearly with the sample/interface width, and finally van-
ishes for width size below 200 nm. We discuss the possible origin
for this size dependence in terms of weak localization in two dimen-
sions as found in superconducting/normal multilayers [2]. Our results
clarify the different temperature dependence of the resistance in bulk
pyrolytic graphite samples as well as the difference in the temperature
region where a Josephson critical behavior is measured in graphite
TEM lamellae.

[1] A. Ballestar et al., New Journal of Phys., 15, 023024 (2013)

[2] J. Guimpel et al., J Low Temp Phys 63, 151 (1986)

TT 30.2 Mon 15:00 P2
Organic crystals: From semi- to superconductors — e ANTONIA
MORHERR, SEBASTIAN WITT, CHRISTIAN KLEIN, JAN-PETER BACKER,
and CORNELIUS KRELLNER — Physikalisches Institut, Goethe-
Universitat Frankfurt am Main, Deutschland

Intercalated aromatics became attractive in the last years as new class
of organic superconductors [1]. Potassium-intercalated picene and
phenanthrene showed superconducting transition temperatures of 18
and 5 K. Intercalated Dibenzopentacene reached a T¢ of 33.1 K [2],
Coronene T¢s are between 3.5 K and 15 K [3]. So far, all experi-
mental results are obtained on polycrystals, therefore the growth and
investigation of single crystals of these materials are of importance
for further research in superconductivity. We apply horizontal vapor
growth and solution growth intercalation techniques for deeper under-
standing of the physical properties. Doping with potassium is achieved
by co-crystallization and two zone gas transport. In this contribution,
we present the physical and structural properties of intercalated single
crystals and powder samples. To this end magnetization, resistivity
and heat capacity was measured down to 1.8 K.

[1] R. Mitsuhashi et al., Nature 464, 76 (2010)

[2] M. Xue et al., Scientific Reports 2, 389 (2012)

[3] Y. Kubozono et al., Phys. Chem. Chem. Phys. 13, 16476 (2012)

TT 30.3 Mon 15:00 P2
Direct measurement of the magnetic anisotropy of thin sput-
tered MgBsy films on MgO substrates in high magnetic
fields — eSAVIO FABRETTI!, INGA-MAREEN IMORT!, TiMo KUSCHEL!,
THoMAS Danm!, ANDY THOMASY 2, VEERENDRA K. GUDURU3, and ULI
ZEITLER? — !Bielefeld University, Bielefeld, Germany — 2Johannes

Location: P2

Gutenberg, Mainz, Germany — 3Radboud University, Nijmegen,
Netherlands

We investigated the magnetic anisotropy ratio of thin sputtered poly-
crystalline MgBg films on MgO substrates. Using high magnetic field
measurements, we estimated an anisotropy ratio of 1.35 for T=0K
with an upper critical field of 31.74 T in the parallel case and 23.5T
in the perpendicular case. Direct measurements of a magnetic-field
sweep at 4.2K show a linear behavior, confirmed by a linear fit for
magnetic fields perpendicular to the film plane. At an applied mag-
netic field parallel to the film plane, a deviation from the upper critical
field of 3T was observed by using magnetic sweep measurements; this
deviation may be attributable to the different crystal sizes in the poly-
crystalline films. Furthermore, we observed a change of up to 12% of
the anisotropy ratio in dependence of the film thickness.

TT 30.4 Mon 15:00 P2
High trapped fields in MgBs bulk samples — eWOLFGANG
HAissLER!, GUNTER FucHs!, KONSTANTIN NENKOV!, JULIANE
SCHEITER!, AXEL HANDSTEIN', BERNHARD HoLzAPFEL'2, and LUD-
wIG ScHULTZ! — lLeibniz Institut fiir Festkorper- und Werkstoff-
forschung (IFW) Dresden, P.O. Box 270116, 01171 Dresden —
2Karlsruhe Institute of Technology (KIT), Institute for Technical
Physics, P.O. Box 3640, 76021 Karlsruhe

MgB32 is a promising superconductor for bulk trapped field magnets
operating between 15 and 20 K. The absence of weak-link behavior in
MgBa2 offers the advantage of a simple and cost-effective technique for
fabrication of large bulks with high trapped fields. Bulk superconduct-
ing MgB2 samples, 20 mm in diameter, were prepared by hot-pressing
of high energy milled Mg and B powders using nanosized boron pow-
ders. High maximum trapped fields of 5.4 T were obtained at 12 K by
Hall probe measurements at the centre of the bulk surface in one of the
trapped field magnets (height 8 mm). For short MgB2 samples (height
1.6 mm), trapped fields up to 3.2 T were achieved at 15 K. These high
trapped fields are related to extremely high critical current densities up
to 105A /cm? at 15 K indicating strong pinning due to nano-crystalline
MgBg grains. The measured trapped field of 5.4 T at 12 K is the high-
est reported so far. By increasing height and/or diameter of these bulk
MgB2 samples, even higher trapped fields are expected which demon-
strates the large potential of MgB2 trapped field magnets in the field
of engineering applications at temperatures between 15 and 20 K

TT 30.5 Mon 15:00 P2
Thick BaHfO3 doped YBazCu3O7_; films on textured Ni-
W tapes — eMaXx SIEGER!, JENS HANIscH!, KazuMAsA Iipal, UWE
GArrzscu!, CHRISTIAN Robpig!, RAINER NAsT?, LuDwIG ScHULTZ!,
BERNHARD HOLZAPFEL?, and RUBEN HUHNE! — Institute for Metallic
Materials, IFW Dresden, PO Box 27 01 16, D-01171 Dresden, Germany
— 2Institute for Technical Physics, Karlsruhe Institute of Technology
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(KIT), PO Box 36 40, D-76021 Karlsruhe

High-temperature superconductors grown on metallic tapes (coated
conductors) might be used in a wide range of applications such as
electric cables, MRI and fusion magnets. To achieve highest transport
currents in magnetic fields, flux lines have to be immobilized by in-
troducing nanoscaled pinning centres. In this study, we have prepared
YBazCu3z07_s (YBCO) thick films (~ 1 pum) with different amounts
of BaHfO3 (BHO) on highly alloyed biaxially textured Ni-W tapes
by pulsed laser deposition and discuss the effect of deposition param-
eters and BHO contents on the superconducting properties. X-Ray
diffraction showed a good texture transfer from the nickel alloy tape
via the buffer system to the superconducting layer. In general, a su-
perconducting transition temperature T'. of about 88 K with a small
transition width was determined. The incorporation of artificial pin-
ning centres led to improved in-field critical current densities J.(poH)
and to an increase of the irreversibility field H ;.

TT 30.6 Mon 15:00 P2
BasYNbOg and BasYTaOg doped YBaCuzO;_s films
— eLARS OPHERDENY, JeEnNs HANIScH!, MaX SIEGER!, MARCO
BiaNcHETTI?, JUDITH MACMANUS-DRISCOLL?, LUDWIG ScHULTZ!, and
RUBEN HUHNE! — lInstitute for Metallic Materials, IFW Dresden,
Dresden, Germany — 2Department of Material Science and Metal-
lurgy, University of Cambridge, Cambridge , UK

High-temperature superconductors might be applied in advanced elec-
tromagnets for the purpose of high field experiments. To realize such
new types of superconducting magnets, the critical current density of
high-temperature superconductors like YBaaCuzO7_s5 (YBCO) needs
to be improved. To achieve this goal, flux lines have to be immo-
bilized in particular at the application temperature. Therefore, we
introduce nanoscaled pinning centers applying YBCO targets mixed
with different amounts of the secondary phases. The incorporation of
BasYNbOg and BasYTaOg nanoparticles in the YBCO matrix leads
to the formation of very fine self-assembled nanorods with significantly
improved critical current densities J.(B,0)[1,2]. To study this behavior
in more detail, thin undoped and doped films were prepared on sin-
gle crystalline substrates by pulsed laser deposition. X-ray diffraction
and texture measurements were carried out to determine the crystal
structure, whereas inductive and transport current measurements were
performed to evaluate the superconducting properties T, and J.(B) in
different temperature regions.

[1] G. rcolano et al., Supercond. Sci. Technol. 24 (2011) 095012

[2] S. A. Harrington et al., Supercond. Sci. Technol. 22 (2009) 022001

TT 30.7 Mon 15:00 P2
Superconductivity in epitaxial Ru-doped BaFesAs, thin films
— oMARCO LANGERD2, JAN ENGELMANN!:2) VADIM GRINENKO!,
EIKE AHRENS2, FABIAN NITSCHE?, BERNHARD HoLzAPFEL!4, LuDwiG
Scuurtz!?, and RuBeN HUHNE! — lInstitute for Metallic Materi-
als, IFW Dresden, PO Box 270116, D-01171 Dresden, Germany —
?Dresden University of Technology, D-01062 Dresden, Germany —
3Ludwig-Maximilians-University Munich, Department of Chemistry,
D-81377 Munich, Germany — *Karlsruhe Institute of Technology, In-
stitute for Technical Physics, D-76344 Eggenstein-Leopoldshafen, Ger-
many

The iron pnictide BaFea Asg (Bal22) exhibits superconductivity either
by carrier doping, chemical pressure, strain or external pressure. The
key parameter for controlling the phase diagram of Bal22 is still under
debate.

In order to investigate the driving factor of superconductivity in
more detail we prepared thin Bal22 films with different ruthenium
doping levels on single-crystal substrates using pulsed laser deposition.
Structural investigations were carried out using 6-20 x-ray diffraction
and texture measurements revealing an epitaxial growth of the thin
films. Electronic transport and SQUID-susceptibility measurements
were performed to determine the electronic phase diagram. The re-
sults will be discussed in comparison to published phase diagrams for
bulk materials.

TT 30.8 Mon 15:00 P2
Delta-doped Las_,(Sr,Ba),CuO4 thin films grown by ox-
ide molecular beam epitaxy — eCHRISTOPHER DIETL, FEDERICO
BarurTi, MENG WU, GEORG CRISTIANI, GENNADY LOGVENOV, EvA
BENCKISER, and BERNHARD KEIMER — Max-Planck-Institute for Solid-
State Research, Heisenbergstrafie 1, 70569 Stuttgart, Germany

We investigate the possibility of delta-doping LCO thin films by replac-

ing selectively LaO-layers by SrO or BaO. In this fashion, a modulated
dopant distribution is created, which is predicted to enhance spin fluc-
tuations and thus T [1]. The necessary atomic layer-by-layer growth
capability is achieved with a state of the art Molecular Beam Epitaxy
(MBE) setup allowing to grow films with typical surface roughnesses
of ~ 5A. Oxidization of copper under high vacuum is performed via
ozone. The growth is monitored in-situ by Reflection High Energy
Diffraction (RHEED) for qualitative stochiometry control. Charac-
terization is performed via XRD, XRR and AFM. The superlattices
show superconductivity with the highest critical temperature being
T. = 35K.

(1] T. Jarlborg, Appl. Phys. Lett. 94, 212503 (2009)

TT 30.9 Mon 15:00 P2
Photo-induced quasipersistent modification of the normal
and superconducting properties of niobium thin films —
eDANIEL KOHLBERGER!, DANIEL BOTHNER!, ELISABETH KOROKNAYZ,
MicHAEL JETTER?, PETER MICHLER?, REINHOLD KLEINER!, and Di1-
ETER KOELLE! — !Physikalisches Institut and Center for Collective
Quantum Phenomena in LISAT, Universitit Tiibingen, Germany —
2Institut fir Halbleiteroptik und Funktionelle Grenzflichen and Re-
search Center SCoPE, Universitdt Stuttgart, Germany

‘We report on the experimental investigation of resistive and supercon-
ducting transport properties of niobium thin films, which have been
irradiated with an infrared laser at cryogenic temperatures. After ir-
radiation, we find an increased normal state resistivity and a reduced
transition temperature 7. to the superconducting state with respect
to the values before irradiation. This photo-induced modification is
completely reversible by raising the sample temperature to 7" > 60 K,
but remains unchanged over large timescales at lower temperatures.
In addition, we demonstrate that by a spatially periodic variation of
the laser intensity across the niobium film, the reported effect can be
used to generate a periodic pinning potential for Abrikosov vortices
at T < T.. This periodic potential is revealed by the occurrence of
matching features in the dependence of the critical current I. on an
applied magnetic field B after laser irradiation. Finally, we discuss
possible mechanisms of the observed effect.

TT 30.10 Mon 15:00 P2

Magneto-acoustic quantum oscillations in YNi;BoC — J.
NOssLER!, eS. YasiN!, S. ErraNiraM!, R. SeeriG!, G. BEHR?, S.
ZHERLITSYN!, and J. WosNiTzal — 1Hochfeld-Magnetlabor Dres-

den, Helmholtz-Zentrum Dresden-Rossendorf, 01314 Dresden, Ger-
many — 2Leibniz-Institut fiir Festkorper- und Werkstoffforschung, D-
01069 Dresden, Germany

Magneto-acoustic quantum oscillations in the type-II superconductor
YNigB2C (Te=15.5 K) have been investigated providing information
about the effective mass and Dingle temperature for selected electron
orbits. Remarkably, the quantum oscillations in the sound velocity
have been observed not only in the normal state but even below the
upper critical field, Be2 = 8.2 T, down to 3.6 T. Torque measurements
performed with the same sample have revealed a complete suppres-
sion of the dHvVA oscillations below Bg2. The marginal additional
damping of the acoustic oscillations observed in the mixed state sug-
gests that the corresponding electron band does not contribute to the
superconductivity. This additional damping can be ascribed to the
field inhomogeneity in the Shubnikov phase. Angular dependent ul-
trasound experiments in static (up to 18 T) and pulsed (up to 61 T)
magnetic fields applied in the (010) plane have revealed four frequen-
cies observed as well in earlier torque measurements and predicted
from band-structure calculations. A new unknown frequency of 6756
T has been resolved from the pulsed-field ultrasound experiments.

TT 30.11 Mon 15:00 P2
Strong coupling behavior of the neutron resonance mode
in unconventional superconductors — ePATRIK HLOBIL, BORIS
NAROZHNY, and JORG SCHMALIAN — Karlsruhe Institute of Technol-
ogy
We analyze whether and how the neutron resonance mode in uncon-
ventional superconductors is affected by higher order corrections in the
coupling between spin excitations and fermionic quasiparticles and find
that in general such corrections cannot be ignored. In particular, we
find that in two spatial dimensions(d=2) the corrections are of same
order as the leading, weak coupling contributions demonstrating that
the neutron resonance mode in unconventional superconductors is a
strong coupling phenomenon. The origin of this behavior lies in the
quantum-critical nature of the low energy spin dynamics in the su-
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perconducting state and the feedback of the resonance mode onto the
fermionic excitations. While quantum critical fluctuations occur in any
dimensionality d<3, they can be analyzed in a controlled fashion by
means of the epsilon-expansion (epsilon=3-d), such that the leading
corrections to the resonance mode position are small. Even if higher
order corrections are taken into account, the resonance mode emerges
only if the phase of the superconducting gap function varies on the
Fermi surface, making it a powerful tool to investigate the microscopic
structure of the pair condensate.

TT 30.12 Mon 15:00 P2
Effect of reduced dimensionality on superconductivity in
CeColns probed by thermal expansion and magnetostric-
tion measurements — KAl GRUBE!, SEBASTIAN ZAuM!:2, FELIX
EiLErs!, ROLAND ScHAFER!, ErRic D. BAUER3, JOE D. THOMPSON?3,
and HILBERT v. LOHNEYSEN'?2 — !Karlsruhe Institute of Tech-
nology, Institut fiir Festkorperphysik, 76021 Karlsruhe, Germany —
2Karlsruhe Institute of Technology, Physikalisches Institut, 76131
Karlsruhe, Germany — 3Los Alamos National Laboratory, Los
Alamos, New Mexico 87545, USA

In CeColns, a route towards reduced dimensionality is provided by an
elongation of the unit cell along the c-axis. To determine the related
strain dependences of T, and B.2, we measured thermal expansion and
magnetostriction of CeColns single crystals. The dependence of the
strong-coupling parameter was estimated by the ratio between specific
heat discontinuity at T, and Sommerfeld coefficient. Our results show
that B.a grows with increasing c-axis lattice parameter due to an in-
crease of the strong coupling nature of the superconductivity. This is
in agreement with a recent study on artificial superlattices of alternat-
ing superconducting CeColns and metallic YbColns layers in which
reducing dimensionality increases the ratio Bea/Te [1].

[1] Y. Mizukami et al., Nature Phys. 7, 849 (2011).

TT 30.13 Mon 15:00 P2
Strong electron-phonon coupling and the superconducting
energy gap in SrPt3P — eDiEco A. Zoccol!, SvEN KranNicu!,
Rorr HEeD!, KLAUS-PETER BOHNEN!, THOMAS FORREST?, ALEXEI
Bossak?, and FRANK WEBER! — !Institute for Solid State Physics,
Karlsruhe Institute of Technology, D-76021 Karlsruhe, Germany. —
2European Synchrotron Radiation Facility, F-38043 Grenoble Cedex,
France.

We present a study of the lattice dynamical properties of the recently
discovered superconductor SrPt3P (T. =8.4K) via high-resolution in-
elastic x-ray scattering performed on a polycrystalline sample. Pre-
vious specific-heat measurements reveal evidence for very strong cou-
pling s-wave superconductivity (2A/kpT. ~5) [1], consistent with our
ab initio calculations which yield a large electron-phonon coupling con-
stant A ~ 2. Our data suggests that a softening of a low-energy phonon
mode occurs as temperature is lowered from 300K to 10 K. Possible
effects upon entering the superconducting state will also be discussed.
Our insight into the pairing mechanism in this new superconducting
compound will be important for the understanding of Pt-based super-
conductors in general, in particular the closely related heavy-fermion
non-centrosymmetric superconductor CePt3P.

[1] T. Takayama, Phys. Rev. Lett. 108, 237001 (2012)

TT 30.14 Mon 15:00 P2
Multigap superconductivity in locally non-centrosymmetric
SrPtAs as revealed by nuclear quadrupole resonance — eFELIX
BRUCKNER!, RAJIB SARKAR!, Marco GUNTHER!, HANS-HENNING
Krauss!, HANNES KUHNE?, HUBERTUS LUETKENS®, PABITRA Biswas3,
and TiTus NEUPERT* — !Technische Universitit Dresden, Germany
— 2Helmholtz-Zentrum Dresden-Rossendorf, Dresden, Germany —
3Paul Scherrer Institut, Villigen, Switzerland — *Princeton Univer-
sity, Princeton, USA

The recently discovered compound SrPtAs has awakened grown scien-
tific interest, because it comprises an exceptional structural feature: it
consists of non-centrosymmetric PtAs layers that are weakly coupled
to each other. Theoretical calculations predict an unconventional chi-
ral d-wave superconducting state which is unique in material science.

This is in line with evident breaking of time reversal symmetry in
uSR experiments.

Our nuclear quadrupole resonance experiments reveal multigap su-
perconductivity and a fully gapped state. In particular, we present
spin-lattice relaxation rate (1/77) measurements and discuss possible
pairing symmetries. These results are relevant to understand the pair-
ing mechanism in this and similar compounds.

TT 30.15 Mon 15:00 P2
Fermi surface investigations on the filled skutterudite
LaRuyAs;> superconductor — eJ. Krorzb?2, K. GOTzel?2,
V. PerzoLp®, H. ROsSNER®, T. CicHOREK?, Z. HENKIE?, and J.
WosniTzal:2 — 'Hochfeld-Magnetlabor (HLD), Helmholtz-Zentrum
Dresden-Rossendorf — 2Institut fiir Festkérperphysik, TU Dresden —
3Max-Planck-Institut CPfS, Dresden — *INTiBS PAN, Wroclaw

Filled skutterudite compounds RTyPni2 (R: rare-earth element, T =
Fe, Ru, Os, Pn = P, As, Sb) exhibit a large variety of phenomena
such as exceptionally high thermoelectric power, heavy-fermion su-
perconductivity or metal-insulator transition [1]. Within this class,
LaRugAsi2 features outstanding superconducting properties (Tc =
10.45 K and poHcz ~ 10.2 T). The magnetic-field dependence of
the electronic specific-heat coefficient v and the positive curvature of
Hea (T) close to T¢ indicate the existence of multiple superconducting
gaps, making LaRusAs12 a rare example of a cubic superconductor
displaying multiband effects [2]. Employing a capacitive torque mag-
netometer at temperatures down to 20 mK and in fields up to 35 T,
we probed the angular dependence of the de Haas-van Alphen effect.
We determined effective masses of different bands expecting enhanced
masses due to the rather large v = 59 mJ/mol K2. In combination
with density-functional band-structure calculations, our results pro-
vide detailed information about the Fermi surface of LaRugAsio.

[1] M. B. Maple, E. D. Bauer, et al., Physica B, 328, 29-33 (2003).
(2] L. Bochenek, R. Wawryk, et al., Phys. Rev B. 86, 060511(R)
(2012).

TT 30.16 Mon 15:00 P2
Superconductivity and ferromagnetism in nanostruc-
tured BizNi — eR. SCHONEMANN!, T. HERRMANNSDORFER!, M.
NAUMANNY, R. SkroTzKI'2, M. KAISER?, M. Hrise?, M. Ruck?, K.
KumMER?, D. GrRAF?, and J. WosNiTzA! — 1Dresden High Magnetic
Field Laboratory (HLD), Helmholtz-Zentrum Dresden-Rossendorf,
Germany — 2Department of Chemistry and Food Chemistry, TU Dres-
den, Germany — 3European Synchrotron Radiation Facility (ESRF),
Grenoble, France — *National High Magnetic Field Laboratory and
Department of Physics, Florida State University, Tallahassee, Florida,
USA

We have demonstrated the coexistence of superconductivity and ferro-
magnetism in BigNi nanostructures which have been prepared by mak-
ing use of novel chemical-reaction paths [1]. Here, we present recent
experiments on novel nanostructures, such as supercrystals consisting
of packed BizNi nanofibers. We have investigated their magnetic and
electrical-transport properties by means of XMCD, SQUID magnetom-
etry, pulsed-field susceptometry, and ac-resistance measurements in a
wide field and temperature range. Resistivity measurements demon-
strate that superconductivity persists well above the Pauli limiting
field - with strong anisotropy. These results will be presented in the
context of a coexistence of superconductivity and ferromagnetism.
Part of this work was performed at the NHMFL and ESRF beamline
1DO08.
[1] T. Herrmannsdorfer, R. Skrotzki, J. Wosnitza, D. Kohler, R. Boldt,
M. Ruck, Phys. Rev. B 83, 140501 (R) (2011).

TT 30.17 Mon 15:00 P2
119Sn NMR investigations on superconducting CasIr;Snjs
— oRAJIB SARKAR!, FELIX BRUECKNER!, MaArRco GUNTER!, CE-
DOMIR PETROVICZ, KEFENG WANG2, HUBERTUS LUETKENS®, PABI-
TRA Biswas®, ELvEzIO MORENZONI®, ALEX AMATO®, and HANS-
HENNING KLAUss! — MIFP, TU Dresden, D-01069 Dresden, Germany
— 2CMPMS, BNL, Upton, NY-11973, USA — 3PSI, CH-5232 Villigen
PSI, Switzerland

CaszlrySnis was found to exhibit superconducting transition with
Te. =~ 7 K. It received considerable attention due to the possible co-
existence of superconductivity and ferromagnetic spin fluctuation as
well as the three-dimensional charge density wave (CDW) from the
superlattice transition. [1,2] While thermal, transport, and thermo-
dynamic characterization of CaslrsSnis single crystals suggest that
it is a weakly correlated nodeless superconductor, recent SR inves-
tigation reveals that the electron-phonon pairing interaction is in the
strong-coupling limit. Here we present 'Sn NMR, investigations on
CaslIrgSnis polycrystalline samples and discuss the symmetry of the
superconducting order parameter together with the normal state prop-
erties. Our preliminary results of spin-lattice relaxation rate (1/77)
indicate that this is a BCS superconductor with weak-coupling limit.
(1] J. Phys. Soc. Jpn. 19, 113705 (2010).
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[2] Phys. Rev. Lett. 109, 237008 (2012).

TT 30.18 Mon 15:00 P2
Doping-induced superconductivity in germanium — eM. NAU-
MANN, R. SKrROTZKI, T. HERRMANNSDORFER, R. SCHONEMANN, V.
HEERA, J. FIEDLER, M. VOELSKOW, A. MUckLIcH, B. ScHMIDT, W.
SKORUPA, M. HELM, and J. WOsNITZA — Hochfeld-Magnetlabor Dres-
den (HLD) und Institut fiir Ionenstrahlphysik und Materialforschung,
Helmholtz-Zentrum Dresden-Rossendorf (HZDR), P.O. Box 51 01 19,
D-01314 Dresden, Germany

We report observations of superconductivity in highly doped germa-
nium. High dopant concentrations of Al, B, Ga, In, Nb, P, or Sn
have been introduced into nanolayers of Ge wafers via ion implan-
tation. The electrical-transport properties of these thin-film samples
strongly depend on the element type of dopant atoms, implantation
dose, and on subsequent short-term annealing procedures. For Ge:Ga
and Ge:In, we observe the emergence of superconductivity for cer-
tain sample-preparation conditions. In particular, the occurence of
superconductivity requires well balanced flash-lamp or rapid thermal
annealing conditions. On the one hand, the local temperature in-
crease during annealing needs to be sufficiently intense to effectively
activate dopant atoms as charge carriers. On the other hand, over-
heating and entire separation of dopant atoms in the germanium ma-
trix needs to be avoided. Most likely, the superconducting state in
highly doped germanium is triggered in dopant rich nano clusters and
streched over their entire thin-film zone through percolation, tunnel-
ing, or proximity-effect networks.

TT 30.19 Mon 15:00 P2
Magnetic-field-dependent reentrant superconductivity in Ga-
implanted Si — eR. SKROTZKI, T. HERRMANNSDORFER, R. SCHONE-
MANN, V. HEERA, J. FIEDLER, E. KAMPERT, F. WOLFF-FABRIS, T.
FORSTER, M. VOELSKOW, A. MUCKLICH, B. SCHMIDT, W. SKORUPA,
M. HELM, and J. WosNITzZA — Hochfeld-Magnetlabor Dresden (HLD)
und Institut fiir Ionenstrahlphysik und Materialforschung, Helmholtz-
Zentrum Dresden-Rossendorf (HZDR), Dresden, Germany

We have implanted Ga ions into Si wafers and thereby formed 10 nm
thin films of densely-packed amorphous Ga clusters. Via short-term
annealing we are able to trigger a structural superconductor-insulator
transition. On its superconducting side (Tc =~ 7 K), we observe a
reentrant transition where zero resistance is intermitted by finite re-
sistance at 0.1 K < T' < 1 K. This phenomenon is accompanied by
non-linear current-voltage characteristics and suppressed at in- and
out-of-plane oriented magnetic fields H > Hyeentrant- Moreover, we
find that Hreentrant accounts for up to 10 T and reveals the same
anisotropy as Hc2 indicating a strong dependence on the vortex den-
sity in this non-magnetic material. A detailed phase diagram is drawn
from magneto-transport measurements in high magnetic fields of more
than 40 T. We assume that fluctuations are responsible for paracon-
ductivity of 2D Aslamazov-Larkin type at T > T. as well as for the
reentrant phenomenon at T' < T.. The latter we discuss in terms of
thermally activated phase-slip processes in conjunction with transport
dynamics of resistively and capacitively shunted superconducting tun-
nel networks.

TT 30.20 Mon 15:00 P2
Electronic properties of undoped and doped aromatic hydro-
carbon systems — eFRIEDRICH Roru!, BENJAMIN MAHNS?, ERrIC
MULLER2, BERND BUCHNER2, and MARTIN KNUPFER? — 1Center for
Free-Electron Laser Science / DESY, Notkestrafie 85, D-22607 Ham-
burg, Germany — 2Institute for Solid State and Materials Research
Dresden, Helmholtzstrale 20, D-01069 Dresden, Germany

Tuning the electronic structure and carrier density by intercalation is
crucial to modern day semiconductor technology. In general, the car-
rier density plays a pivotal role for the materials properties, because
intercalation can induce, e. g., a charge transfer, a shift of the Fermi
energy and in general wide-ranging changes in the electronic properties
of the system. Furthermore, the prerequisite for the understanding of
physical properties of new materials is the knowledge of the electronic
structure, both in the undoped as well as in the intercalated phase. Af-
ter the discovery of superconductivity in potassium doped picene with
a rather high transition temperature (of 18 K) polyaromatic hydrocar-
bons came back into the focus of researcher. In this context, this work
presents a summary of the investigations on the electronic structure of
several aromatic hydrocarbon systems using electron energy-loss spec-
troscopy (EELS).

TT 30.21 Mon 15:00 P2
Investigation of the electronic properties of the dual-layered
charge transfer salt x-o/-(BEDT-TTF)2Ag(CF3)4(TCE) —
eMICHAELA ALTMEYER, ROSER VALENTI, and HARALD O. JESCHKE —
Institut fiir Theoretische Physik, Goethe-Universitat Frankfurt, Max-
von-Laue-Str. 1, 60438 Frankfurt am Main, Germany

In recent experimental work the synthesis of k-o/-(BEDT-
TTF)2Ag(CF3)4(TCE) was achieved, which was reported to be a su-
perconductor below a critical temperature of 11.1K. The crystal is
the first superconducting dual-layered charge transfer salt contain-
ing BEDT-TTF and consists of alternating layers of k- and o’-type
packed BEDT-TTF molecules. While there are superconductors in the
family of (BEDT-TTF)2X salts with a k-type packing motif, the o’'-
type packed charge transfer salts tend to be Mott-Hubbard-insulators.
Therefore we investigate the electronic properties of the dual-layered
system within density functional theory. We compare the electronic
structure to that of single-layered compounds with o’-type and with
k-type arrangement of BEDT-TTF molecules. This allows us to dis-
entangle the more complex electronic structure of the title compound.

TT 30.22 Mon 15:00 P2
Stability of supercurrents and condensates in type I su-
perconductors — PAVEL LipAvsky?, eKrLaus MORAWETzL2:3,
BRETISLAV SOPIK®, and MICHAEL MAENNEL! — !Miinster University
of Applied Sciences, Stegerwaldstrasse 39, 48565 Steinfurt, Germany
— 2International Institute of Physics (IIP) Av. Odilon Gomes de
Lima 1722, 59078-400 Natal, Brazil — 3Max-Planck-Institute for the
Physics of Complex Systems, 01187 Dresden, Germany — *Faculty
of Mathematics and Physics, Charles University, Ke Karlovu 3, 12116
Prague 2, Czech Republic — ®Central European Institute of Technol-
ogy, Masaryk University, Kamenice 735, 62500 Brno, Czech Republic

Excitations of Cooper pairs into non-condensed bound pairs are simi-
lar to excitations of true bosons out of the Bose-Einstein condensate.
Using the Landau criterion of superfluidity we evaluate the critical
current above which these pair-excitations would lead to a finite resis-
tivity. The predicted value strongly depends on the chosen approxi-
mation. The Thouless approach based on the Galitskii T-matrix and
the Kadanoff-Martin theory which is in many aspects equivalent to
the BCS theory, both lead to zero critical velocity, what is in conflict
with the mere existence of supercurrents. In contrast, the T-matrix
with multiple scattering corrections provides the critical velocity of
pair excitation which is p3-times larger than the critical velocity of
pair breaking. This agrees with the experimentally well established
fact that supercurrents in type I superconductors are limited by pair
breaking, not by pair excitation

TT 30.23 Mon 15:00 P2
DFT Study on 122 pnictide superconductors and re-
lated compounds — eToBIAS FORSTER!, HELGE ROSNER?, AN-

DREY POLYAKOV!, MAREK BARTKOWIAK!, ANDREA D. BIaNcHI3,
and JOCHEN WosNITZA! — Hochfeld-Magnetlabor Dresden (HLD),
Helmholtz-Zentrum Dresden-Rossendorf, D-01328 Dresden, Deutsch-
land — 2Max-Planck-Institut fiir Chemische Physik fester Stoffe,
Nothnitzer Str. 40, 01187 Dresden, Deutschland — 3Départment
de Physique and RQMP, Université de Montréal, Montréal H3C 3J7,
Canada

The Fermi-surface topology of iron-pnictide superconductors stimu-
lated many theories on the pairing mechanism in these materials. Es-
pecially the degree of nesting between quasi-two-dimensional hole and
electron bands is regarded as a key ingredient. However, also more
localized pictures and the duality of both itinerant and localized de-
grees of freedom of the Fe d electrons are considered. Here, we present
a detailed electronic structure study of several AToPo (A =Ba, La,
Ce; T =Fe, Rh, Ir) pnictides with ThCraSiz tetragonal structure type.
Applying full potential density functional calculations in different ap-
proximations, we attempt to separate the influence of different param-
eters of the crystal structure on topology and character of the respec-
tive Fermi surfaces. For several compounds (LaFexPs, BalroP2 und
CeFeaP2), we will compare our calculated results with de Haas-van
Alphen measurements and provide implications regarding their super-
conducting or magnetic properties.

TT 30.24 Mon 15:00 P2
Effect of weak disorder on the phase competition in iron
pnictides — eMAREIKE HOYER!, SERGEY SyzZrANOV!2 and JORG
ScHMALIANT:3 Hnstitut fiir Theorie der Kondensierten Ma-
terie, Karlsruher Institut fiir Technologie, Karlsruhe, Germany —
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2Department of Physics, University of Colorado, Boulder, Colorado,
USA — 3Institut fiir Festkorperphysik, Karlsruher Institut fiir Tech-
nologie, Karlsruhe, Germany

We investigate the phase competition between magnetism and super-
conductivity for iron pnictides in the presence of weak disorder. The
competition of these two ordered states has been studied in detail
by Fernandes and Schmalian [1] who came to the conclusion that in
the case of unconventional sT~ pairing, the superconducting and an-
tiferromagnetic phase may coexist microscopically but are near to a
parameter regime of mutual exclusion. Correspondingly, the multi-
critical point in the phase diagram is close to the transition from a
tetracritical to a bicritical point.

Close to the multicritical point, the free energy of the system can be
expanded simultaneously in terms of magnetic and superconducting
order parameters and the coefficients can be determined microscopi-
cally. We include the effect of impurity scattering in the model and
investigate its influence on the phase diagram of iron pnictides.

[1] Rafael M. Fernandes and Jorg Schmalian, Phys. Rev. B 82, 014521

TT 30.25 Mon 15:00 P2
Manifestation of nematic degrees of freedom in the Ra-
man response of pnictides — eUNA KARAHASANOVIC and JOERG
SCHMALIAN — Karlsruher Institut fiir Technologie, Wolfgang-Gaede-
Str. 1 D-76131 Karlsruhe

The electronic nematic phase in pnictides, characterized by the broken
C4 symmetry, is believed to be generated by the presence of magnetic
fluctuations associated with the striped phase [1], and occurs above the
magnetic transition temperature. Detecting the presence of nematic
fluctuations in iron-based superconductors is a difficult task, since it
involves measuring four spin correlation functions. So far, these fluctu-
ations were detected through the changes that they induce in the shear
modulus (since the nematic order parameter couples to the orthorom-
bic distortion). The presence of nematic fluctuations is felt even above
the nematic transition, i.e. in the tetragonal phase.

Nematic degrees of freedom also manifest themeselves in the exper-
imentally measurable Raman response function, which is a density-
density correlation weighted by an appropriate form factor [2, 3]. We
calculate the lineshape of the Raman response function in the tetrag-
onal phase by considering Aslamazov-Larkin type of diagrams. We
show that the reponse vanishes for the Bo, symmetry of the form fac-
tor, but not for the B14 symmetry, as observed in the experiment.

[1] R. Fernandes and J. Schmalian, Supercond. Sci. Technol. 25,
084005 (2012).

[2] Y. Gallais et al, arXiv:1302.6255 (2013).

[3] S. Caprara et al, Phys. Rev. Lett. 95, 117004 (2005).

TT 30.26 Mon 15:00 P2
High-pressure synthesis of 1111-pnictides and related systems
— eAGNES ADAMSKI', AMIR HAGHIGHIRADY?, STEFFI HARTMANN!,
NATALIJA VAN WELL!, and CORNELIUS KRELLNER! — !Physikalisches
Institut, Goethe University, Frankfurt am Main, — 2University of Ox-
ford, Department of Physics, Oxford

In 2008 Kamihara et al. found a new class of high-T, superconductors:
iron-based oxypnictides. A transition temperature of 26 K in F-doped
LaFeAsO (1111-compound) was reported [1]. Replacing the nonmag-
netic La ion by magnetic rare-earth elements in 1111-compounds leads
to an increase of the superconducting transition temperatur up to ~50
K. The crystal growth at high pressure/high temperature (HP/HT)
conditions has been proven to be an effective method for the 1111-
compounds [2][3].

We report on our progress to synthesize single crystals of these
compounds under HP/HT conditions with a multi anvil apparatus,
so called Walker-Type module. With this apparatus we can achieve
rather hydrostatic pressures up to 8 GPa and temperatures up to 1750
K. We found that using NaCl/KCl as flux material is essential to avoid
the formation of FeAs and to support the single crystal growth. The
same Walker-Type module was used for the synthesis of related pnic-
tides to search for new superconductors. It seems that high pressure
is necessary to stabilized these compounds.

[1] Y. Kamihara et al., J. Am. Chem. Soc. 130, 3297 (2008)
[2] J. Karpinski et al., Physica C 469, 370 (2009)
[3] Z. Ren et al., Adv. Mater 21, 4584 (2009)

TT 30.27 Mon 15:00 P2
Microscopic investigations of the electronic phase diagram
of LaOFe;_,Co,;As — ePHILIPP MATERNE!, GIACOMO PRANDOZ,
HEMKE MAETER', SABINE WURMEHL?', BERND BurcHNER?', Hu-

BERTUS LUETKENS3, and HANs-HENNING Krauss! — lInstitut fiir
Festkorperphysik, Technische Universitdt Dresden, 01062 Dresden,
Germany — 2IFW Dresden, Postfach 270016, 01171 Dresden, Ger-
many — 3Paul-Scherrer-Institut, 5232 Villigen, Switzerland

The antiferromagnetic parent compound, LaOFeAs, can be tuned into
a superconducting ground state by doping in the LaO- and in the FeAs-
plane. We microscopically investigated the substitution of Fe by Co
using muon-spin relaxation spectroscopy in the pure magnetic doping
regime as well as in the coexistence regime. The results were com-
pared with published data of LaOj_zFsFeAs [1], CeOFe;_,CozAs
and CeO1_,F;FeAs[2].

(1] H. Luetkens et al., Nat. Mater. 8, 305 (2009)

[2] G. Prando et al., PRB 87, 174519 (2013)

TT 30.28 Mon 15:00 P2
Antimony Substitution in Rare Earth 1111-Compounds —
eDANIEL SCHMIDT, SEBASTIAN WoLF, and HANS F. BRAUN —
Physikalisches Institut, Universitdt Bayreuth, 95440 Bayreuth

The rare earth iron arsenide 1111-compounds are well known oxy-
pnictide high T, superconductors. The phase diagram of the undoped
compounds shows generally two parts, a magnetic and a supercon-
ducting phase. With sufficient electron doping in the charge carrier
layer, that is substitution of oxygen with fluorine, the magnetic phase
transition disappears and superconductivity arises. In our work we try
to regain the magnetic phase from the superconducting one. There-
fore we perform isostructural substitution at the iron arsenide layer
by substituting As with Sb atoms in superconducting electron doped
polycrystalline samples. We probe the doping level of Sb by observing
the lattice parameters thus we can also test for impurity phases. The
physical properties are observed by low temperature measurements of
the resistivity and susceptibility.

TT 30.29 Mon 15:00 P2
Temperature dependent density of states study in stoichio-
metric LiFeAs — oePrRANAB KUMAR NAG!, DANNY BAUMANN!,
RONNY SCHLEGEL!, ROBERT BECK!, SABINE WURMEHL'2, BERND
BUcHNERY23 | and CHRISTIAN HEss?3 — !Leibniz-Institute for Solid
State and Materials Research, IFW-Dresden, 01171 Dresden, Germany
— 2Institut fiir Festkorperphysik, TU Dresden, D-01062 Dresden, Ger-
many — 3Center for Transport and Devices of Emergent Materials, TU
Dresden, 01069 Dresden

‘We present scanning tunneling microscopy / spectroscopy data for the
stoichiometric iron arsenide superconductor LiFeAs. Temperature de-
pendent tunneling spectra, obtained at a defined position on the sur-
face, reveal a systematic closing of the superconducting gap with tem-
perature, consistent with a bulk critical temperature of 16 K. We have
observed a dip-hump structure in the quasiparticle density of states
which is the indication of a strong electron-boson coupling in this ma-
terial.

TT 30.30 Mon 15:00 P2
Induced magnetism in off-stoichiometric LiFeAs — eROBERT
Breck!, Uwe GRAFE!, IGOR MoROzZOV!2, PHILIPP MATERNES, GIA-
coMO PrANDO!, HANS-JoAcHIM GRAFE!, SABINE WURMEHL!3, and
BERND BUCHNER!"3 — 1Leibniz Institute for Solid State and Material
Research, D-01171 Dresden, Germany — 2Moscow State University,
Moscow, 119991 Russia — 3Institut fiir Festkorperphysik, TU Dres-
den, D-01062 Dresden, Germany

We prepared a series of polycrystalline Li;_,Fe11,As samples in a
wide range of nominal compositions (0 < y < 0.1 and 0 < x < 0.1).
The structure, composition and main characterization physical proper-
ties were studied in detail. Seemingly, the composition strongly affects
the electronic ground state of the materials, ranging from supercon-
ductivity to bulk ferromagnetism. Concomitantly with the evolution
of different ordering parameters as function of composition, we ob-
serve systematic trends in both line width and frequency of nuclear
quadrupole resonance lines.

TT 30.31 Mon 15:00 P2
High-field NMR spectroscopy of the iron-based superconduc-
tor LiFeAs — eHANNES KUHNE!'2, ARNEIL P. REYES?, PHILIP L.
Kunns?, HANS-JOACHIM GRAFE?, SAICHARAN ASWARTHAM®, SABINE
WURMEHL?, and BERND BUCHNER? — !Hochfeld-Magnetlabor Dres-
den (HLD), Helmholtz-Zentrum Dresden-Rossendorf, D-01314 Dres-
den, Germany — 2National High Magnetic Field Laboratory, Florida
State University, Tallahassee, Florida 32310, USA — 3IFW Dresden,
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Institute for Solid State Research, D-01171 Dresden, Germany

The iron-based compound LiFeAs exhibits superconductivity below T,
~ 18 K without introduction of chemical doping. From a number of
macroscopic experiments, upper critical fields of 26 T or higher for a
magnetic field orientation parallel to the FeAs planes were reported.
So far, no local probe techniques were applied for the characterization
of the microscopic electronic properties in this high-field parameter
regime. We present the results of recently performed high-field NMR
experiments on three high quality LiFeAs single crystals, implying up-
per critical fields much lower than 26 T. We discuss the signatures of
the field-induced suppression of the superconducting order parameter,
probed by the temperature dependent Knight shift, nuclear spin-lattice
and spin-spin relaxation rates for fields and temperatures in the normal
and superconducting state.

TT 30.32 Mon 15:00 P2
Local probe studies at copper containing 111 compounds —
oSIRKO KAMUSELLA', GoHIL S THAKUR?, ZEBA HAQUE?, AsHOK K
GANGULI?2, L C Gupra?, HUBERTUS LUETKENS®, and HANS-HENNING
Krauss! — lnstitut fiir Festkorperphysik, Technische Universitét
Dresden, 01062 Dresden, Germany — 2Department of Chemistry, In-
dian Institute of Technology,110016 New Delhi, India — 3Paul Scherrer
Institut, 5232 Villigen PSI, Switzerland

The recently synthesized LiFeAs-related compounds CuFeAs and
CuFeSb [1] are discussed in terms of bulk measurements,®”Fe mé&ss-
bauer spectroscopy and SR, comparing it to antiferromagnetic LiFeAs
samples. In the compounds presented here the alkali metal sites are
replaced by the transition metal copper leading to a stretched Fe-As-
bond and therefore deformed As-tetrahedra.

According to these structural differences, CuFeAs and LiFeAs show
opposite temperature dependencies of the quadrupolar interaction at
the iron site. Furthermore we can confirm the ferromagnetic behavior
of CuFeSb [2] up to Ty = 375 K, but observe long range antiferromag-
netic order below 10 K for CuFeAs, similar to Li-111 samples. Both
LiFeAs and CuFeAs show an unusual magnetoelastic coupling, which
might play an important role for superconductivity in the 111. We dis-
cuss doping options to achieve superconductivity and suggest pressure
studies to clarify the effect of pnictide spacing on (anti)ferromagnetism.
[1] G. Thakur et al., unpublished
[2] B. Qian et al., Phys. Rev. B. 85 (2012) 144427

TT 30.33 Mon 15:00 P2
Dilatometric measurements of the detwinning process in
EuFez;Asy; — eINA-MARIE PIETSCH, CHRISTIAN STINGL, HIRALE S.
JEEVAN, JANNIS MAIWALD, NORA BACH, and PHILIPP GEGENWART —
I.Physikalisches Institut, Georg-August Universitat, Gottingen, Ger-
many

For the investigation of the anisotropic in-plane behavior of high tem-
perature superconductors we need easy and practicable methods for
detwinning single crystals. In our experiments the thermal expansion
and magnetostriction has been used to analyze the detwinning process
of EuFezAsy in a magnetic field. This technique has the advantage
that anisotropic behavior can be studied without applying external
stress to the system. Using high-resolution capacitive dilatometry we
can detect length changes related to the movement of domains due
to an applied magnetic field. We examined the detwinning process
for a large temperature range above and below the magnetic ordering
transition of Eu spins at 19 K. Strikingly, the field-induced detwinning
is permanent upon warming up to the structural transition at 187 K,
which allows to investigate the anisotropic properties of the system
over a wide temperature range.

TT 30.34 Mon 15:00 P2
Optical investigation of the in-plane anisotropy on the un-
derdoped EuFez(As;_.P,)2 single crystals — eSHUAI JIANG!,
HIRALE S. JEEVANZ2, PHILIPP GEGENWARTZ?, and MARTIN DRESSEL!
— 11.Physikalisches Institut, Universitdt Stuttgart, Deutschland —
21.Physikalisches Institut, Universitit Gottingen, Deutschland

Applying uniaxial pressure enables us to detwin the iron-pnictide sin-
gle crystal and detect the in-plane anisotropy. The effect of this ex-
ternal factor on the nematicity, however, is under debate. We have
studied the in-plane anisotropy of as-grown EuFes(As;_;Pg)2 single
crystals by optics measurements. The single crystal exhibits stripes
in the micrometer range because of the birefringence of the twinned
domains. Surprisingly, even without using the mechanical detwinning,
the mid-infrared optical properties reveal an anisotropy that becomes

pronounced below the structural transition temperature. The ampli-
tude is comparable to the anisotropy of the fully detwinned single crys-
tal. This observation is consistent with the SI-STM measurements on
the atomic scale. Our in-situ study explores a new way to investigate
the intrinsic dynamics of nematicity in iron pnictides.

TT 30.35 Mon 15:00 P2
A light scattering study of detwinned BaFesAsy, — e ANDREAS
Baum!, ANDREAS WALTER!, BERNHARD MUSCHLER!, FLORIAN
KRETZSCHMAR', JiuN-Haw Cnu?3, JaMes G. ANaLyTis?3, IaN R.
FisueEr?3, and Rupr HACKL! — Walther-Meissner-Institut, 85748
Garching, Germany — 2SIMES, SLAC National Accelerator Labo-
ratory, Menlo Park, CA 94025, USA — 3GLAM and Department of
Applied Physics, Stanford, University, Stanford, CA 94305, USA

The magneto-structural phase transition of BaFezAss is studied by
Raman spectroscopy with a focus on lattice dynamics. Using uniaxial
pressure to detwin the sample allows us to resolve anisotropic features
as well as a separation of the structural and magnetic phase transitions.

The As A14 phonon shows a resonance at high energies. With the
polarizations aligned along either the antiferromagnetically or the fer-
romagnetically ordered direction the resonance profile is distinctly dif-
ferent.

The splitting of the E4 phonon at 135cm ™! into two modes having
Bagy and B3y symmetry can be attributed to the transition into the
magnetically ordered state rather than the structural transition.

TT 30.36 Mon 15:00 P2
Resistivity anisotropy measurements on Ca(Fei_,Co.)2As>
— oSTEPHAN KNONER!, BERND WoLF!, HARALD SCHUBERT', SHENG
RANZ, PAUL CANFIELD?, and MICHAEL LANG! — !Physikalisches Insti-
tut, J.W. Goethe-Universitat, SPP 1458, D-60438 Frankfurt (Main),
Germany — 2Ames Laboratory, Department of Physics and Astron-
omy, lowa State University, Ames, Iowa 50011, USA

Electronic nematicity has been discussed intensively in the research
on iron-pnictide superconductors. Evidence for electronic nematic-
ity has been reported from various experiments including magnetic
torque measurements [1], scanning tunneling microscopy [2] as well as
electronic transport [3]. The nematicity manifests itself in a strong
anisotropy in electrical resistance of single crystals detwinned by the
application of mild uniaxial strain [3]. Different experimental and
theoretical studies support the idea that the transport anisotropy
basically results from anisotropic scattering by dopant-induced im-
purity states [2]. In this contribution, we present measurements of
the electrical resistance on detwinned high-quality single crystals of
Ca(Fej_5Cogz)2As2 with different doping levels . We discuss the size
of the anisotropy, its dependence on the doping level and the effect of
hydrostatic pressure tuning [4].

(1] S. Kasahara et al., Nature 486, 382 (2012)

(2] M. P. Allan et al., Nature Physics 9, 220 (2013)

[3] J. Chu et al., Science 329, 824 (2010)

[4] E. Gati et al., PRB 86, 220511(R) (2012)

TT 30.37 Mon 15:00 P2
Spin Reorientation and Resonance Mode in Ba;_,Na_Fes Asy
— oFLORIAN WASSER', SABINE WURMEHL?, SAICHARAN ASWARTHAM?,
Yvan Sipis?, ASTRID SCHNEIDEWIND®®  JI-TAE PARK®, BERND
BUcHNER?, and MARKUS BRADEN! — II. Physikalisches Institut, Uni-
versitdt zu Koln, Ziilpicher Strafle 77, D-50937 Ko&ln, Germany —
2Institute for Solid State Research, IFW Dresden, D-01171 Dresden,
Germany — 3Laboratoire Léon Brillouin, CEA-CNRS, CEA Saclay,
91191 Gif-sur-Yvette Cedex, France — %Jiilich Centre for Neutron
Science JCNS, Forschungszentrum Jillich GmbH, Outstation At MLZ,
D-85747, Garching, Germany — 2Forschungsneutronenquelle Heinz
Maier-Leibnitz (FRM-II), TU Miinchen, D-85747 Garching, Germany

Iron-pnictides are a novel class of superconductors displaying a close
relation between structure, superconductivity and magnetism. Most
parent compounds exhibit a coupled structural and magnetic transition
that becomes suppressed upon doping. Here we present our neutron
scattering studies on Baj_,NagFeaAss which differs from the other
systems: At intermediate Na concentrations we find clear evidence for
a spin reorientation from in-plane to out-of-plane alignment of the or-
dered moments. The low-temperature phase with c-aligned moments
is unique in this system but it qualitatively agrees with the single-ion
anisotropy in pure BaFez Aso where it costs less energy to rotate spins
from the plane to the ¢ direction than rotating them within the plane.
In addition we find a sharp resonance feature in Baj_,NagFeaAss at
low energy and a broader upturn in intensity at energies comparable
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to those of the resonance values in Co or Ni doped compounds.

TT 30.38 Mon 15:00 P2
Low-temperature specific heat of Ko 71Nag29FexAss down
to 20mK — eANDREAS REIFENBERGER, MARIUS HEMPEL, AN-
DREAS FLEISCHMANN, RUEDIGER KLINGELER, and CHRISTIAN ENSs —
Kirchhoff-Institut fiir Physik, Universitdt Heidelberg, INF 227, D-
69120 Heidelberg

Specific heat measurements on K;_,NazFeaAss at very low temper-
atures are helpful for the understanding of the underlying symmetry
and magnitude of the superconducting order parameter. To perform
the measurements, we used a commercially available calorimeter which
we calibrated in the temperature range 0.02K <7 < 0.8 K. The data
on Ko 71Nag.29FeaAso imply the presence of a large T2 contribution
to the specific heat which gives evidence of d-wave symmetry of the su-
perconducting order parameter on almost all Fermi-surface sheets. To
extend these measurements to even lower temperatures, we have de-
signed a novel calorimeter based on magnetic thermometry. We expect
a temperature resolution AT = 0.1 uK and an addenda heat capacity
of less than 200 pJ/K for T' < 100 mK.

TT 30.39 Mon 15:00 P2
The electronic phase diagram of Baj;_;Rb;FexAs> investi-
gated by thermodynamic measurements — eD. GRUNER', F.
STECKEL!, V. GRINENKO', S. Aswarruam!, C. Hess', A. U. B.
WorteRr!, S. WUrRMEHLY2, and B. BUcHNER!2 — !Institute for Solid
State and Materials Research, IFW Dresden, 01069 Dresden, Germany
— 2Institute for Solid State Physics, TU Dresden, 01062 Dresden, Ger-
many

After the discovery of a spin-density-wave (SDW) anomaly at 140 K
in BaFegaAsz by Rotter et al., superconductivity (SC) was achieved
in this material by hole-doping with potassium [1]. Since RbFezAso
shows bulk SC at 2.6 K [2], via a partial substitution of Ba with
Rb in Bal22 the crossover from SC to magnetism can be studied in
detail. We have synthesized single crystals of Baj_zRbgFeaAss by
using the self-flux high temperature solution growth technique. Via
AC-susceptibility, specific heat and electrical resistivity measurements
the SDW and superconducting behavior was investigated. The corre-
sponding electronic phase diagram of Baj_,Rb;FesAss has been con-
structed. While the substitution of Ba?t with Rbt ions suppresses
the SDW anomaly, SC is induced. A superconducting transition as
high as = 37.3 K is reached for an Rb content of z ~ 0.3. This T, is
comparable to K-doped Ba-122 with x = 0.4 and T, = 38 K reported
previously [3].

[1] M. Rotter, M. Tegel, and D. Johrendt, Phys. Rev. Lett. 101,
107006 (2008)

[2] Z. Bukowski et al., Physica C. 470, Supplement 1, S328 - S329
Superconductivity, (2010)

[3] S. Avci et al., Phys. Rev. B. 85, 184507 (2012)

TT 30.40 Mon 15:00 P2
Strain experiments on Fe based superconductors using flex-
ible substrates — eSTEFAN RICHTER, SASCHA TROMMLER, FRITZ
KURTH, KAzUMASA T1DA, JENS HANISCH, LUDWIG SCHULTZ, and RUBEN
HUHNE — IFW Leibnitz Institute for Solid State and Materials Re-
search Dresden

Strain is known to have a significant influence on the superconduct-
ing properties. Especially uniaxial strain experiments are promising to
provide insight in correlations between structure and superconducting
properties of anisotropic materials like high temperature superconduc-
tors.

However, a systematic investigation of these effects is often difficult
since the strain in the sample cannot be easily controlled.

Therefore, we constructed a special bending system that allows chang-
ing dynamically the strain in samples based on metallic substrates
while simultaneously measuring the electronic properties. Highly
textured Ba(Fe(l,I)Coz)QASQ thin films grown on flexible IBAD-
MgO/Hastelloy substrates by pulsed laser deposition are used for these
studies. Depending on the doping level, these films show a supercon-
ducting transition temperature of up to 20K as well as high critical
current densities. Based on the bending experiments we will discuss
the influence of strain on the superconducting properties.

TT 30.41 Mon 15:00 P2
Preparation and characterization of thin films of the uncon-
ventional superconductor FeSe — EIKE VENZMER, ALEXANDER
KRONENBERG, and e MARTIN JOURDAN — Institut fiir Physik, Johannes

Gutenberg-Universitat Mainz, Staudingerweg 7, 55128 Mainz

The recently discovered class of iron pnictide compounds features a
presumably unconventional mechanism of superconductivity. We in-
vestigate the iron chalcogenide FeSe, which is the structurally sim-
plest representative of this class of materials. Epitaxial thin films are
prepared by rf-sputtering by co-sputtering from separate Fe and Se
targets. This method yield superconducting epitaxial thin films on
MgO(100) as well as on YAIO3(010) substrates whereas best results
have been achieved on MgO(100). The influence of deposition rates
and substrate temperature on phase formation, sample homogeneity,
morphology and electronic transport properties are discussed. The
main advantage of thin films made by sputterdeposition is an im-
proved morphology which is promising for the future integration in
planar tunneling junctions for spectroscopic investigations.

TT 30.42 Mon 15:00 P2
Applied dynamic strain on FeSeq 5Teg 5 through piezo-electric
substrates. — SEBASTIAN MOLATTA, SASCHA TROMMLER, JENS
HANISCH, KAzUMASA IIDA, MICHAEL SCHULZE, SABINE WURMEHL,
BERND BUCHNER, LUDWIG SCHULTZ, and RUBEN HUHNE — IFW Dres-
den, PF 27 01 16, 01171 Dresden

FeSej_zTe, is the structural most simple iron-based superconductor
and shows a high sensitivity to applied strain. Typically, different sub-
strates are used for the variation of static strain states in thin films
to investigate the influence of the lattice parameters on the supercon-
ducting properties. However, this approach is restricted to thin layers
ensuring a coherent growth. An alternative is to use epitaxial films
on piezo-electric substrates, which allows the dynamic change of the
lattice parameters to examine the influence of strain on the supercon-
ducting properties.

Therefore, we grew FeSeg.5Tep 5 films by pulsed laser deposition
on different substrates. The epitaxial growth was first optimized
on MgO single crystals and transferred afterwards to piezoelectric
0.72 Pb(Mg; /3Nby,3)03-0.28 PbTiO3 (PMN-PT) substrates. In both
cases an epitaxial growth and a superconducting transition 7, of more
than 15 K were observed under optimized conditions. Finally, a shift
in T¢ of about 0.25 K for a change of 0.04% in the in-plane lattice-
parameters was found in strain experiments for these FeSeq.5Teq.5-
films grown on PMN-PT.

TT 30.43 Mon 15:00 P2
Preparation of planar SN and SNS* junctions on Ba-122 iron
pnictide single crystals — eNOOR HASAN', STEFAN SCHMIDT!,
SEBASTIAN DORING!, VOLKER TyMPEL', FRANK ScuHMIDL!, PAUL
SEIDEL!, and THoMAS WOLF? — !Friedrich-Schiller- Universitit Jena,
, Institut fiir Festkorperphysik — 2Karlsruhe Institute of Technology,
Institut fiir Festkorperphysik

In order to understand the nature of the superconductivity in iron pnic-
tides it is necessary to examine their electrical properties. Therefore
we firstly have fabricated planar hybrid superconductor (S) - normal
metal (N) - superconductor (SNS*) junctions with a Pb thin film as
basis electrode. We used an artificial (barrier) layer which consists of
thin normal conducting gold and titanium films. By oxygenation of
the titanium we can add an insulating layer to the barrier system. A
double layer film of Pb and In was used as the counter electrode. Then
we fabricated the same junction type with a basis electrode using un-
doped BaFezAsy single crystals which were produced with a self-flux
method. After that we transferred the technology to superconducting
Co-doped BaFezAsg single crystals. For comparison between them we
will present electrical measurements on these junctions. These include
R*T measurements on each electrode and the different junction*s types
itself as well as temperature dependent I-V characteristic and differ-
ential conductance respectively.

TT 30.44 Mon 15:00 P2
Long-range spin transport and spin-charge separation in
nanoscale superconductors — MICHAEL J. WOLF!, FLORIAN
HUBLER!2, STEFAN KOLENDA!, HILBERT VON LOHNEYSENZ:3, and
eDETLEF BECKMANN! — !nstitut fiir Nanotechnologie, Karlsruher In-
stitut fiir Technologie — 2Institut fiir Festkorperphysik, Karlsruher In-
stitut fiir Technologie — 3Physikalisches Institut, Karlsruher Institut
fiir Technologie

‘We report on nonlocal transport in superconductor hybrid structures,
with ferromagnetic as well as normal-metal tunnel junctions attached
to the superconductor. In the presence of a strong Zeeman splitting
of the density of states, we find signatures of spin transport over dis-
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tances of several um [1], exceeding other length scales such as the co-
herence length, the normal-state spin-diffusion length, and the charge-
imbalance length [2]. The relaxation length of the spin signal shows a
strong increase with magnetic field, hinting at a freeze-out of relaxation
by the Zeeman splitting. Using a combination of ferromagnetic and
normal-metal contacts, we demonstrate spin injection from a normal
metal, and show a complete separation of charge and spin imbalance
[3].

[1] Hiibler et al., Phys. Rev. Lett. 109, 207001 (2012)

[2] Hiibler et al., Phys. Rev. B 81, 184524 (2010)

[3] Wolf et al., Phys. Rev. B 87, 024517 (2013)

TT 30.45 Mon 15:00 P2
Nonlocal transport and heating in superconductors un-
der dual-bias conditions — eSTEFAN KOLENDA!, MICHAEL J.
WoLr!, DimiTRI) S. GOLUBEVY2, ANDREI ZAIKIN'3:4 and DETLEF
BECKMANN! — lInstitut fiir Nanotechnologie, Karlsruher Institut fiir
Technologie — 2Low Temperature Laboratory (OVLL), Aalto Uni-
versity School of Science — 31. E. Tamm Department of Theoretical
Physics, P. N. Lebedev Physics Institute, Moscow — %Laboratory of
Cryogenic Nanoelectronics, Nizhny Novgorod State Technical Univer-
sity
We report on an experimental study of nonlocal transport in supercon-
ductor hybrid structures, where two normal-metal leads are attached
to a central superconducting wire. Structures of this kind are of inter-
est, since possibly they could serve as Cooper pair splitters, creating
spin entangled electrons. With bias voltages below the gap we find
s-shaped nonlocal conductance curves as a function of bias applied on
both contacts, as predicted theoretically in the presence of dynami-
cal Coulomb blockade (DCB) [1]. With bias voltages above the gap
applied on both normal-metal electrodes we find surprisingly large non-
local conductance signals, almost of the same magnitude as the local
conductance. We show that under these conditions heating has a qual-
itativly similar effect as DCB on nonlocal conductance, mimicking the
effect of Cooper pair splitting [2].
[1] D.S. Golubev and A.D. Zaikin, Phys. Rev. B 82, 134508 (2010)
[2] S. Kolenda et al., Phys. Rev. B 88, 174509 (2013)

TT 30.46 Mon 15:00 P2
Superconductor-Insulator Transition in thin TiN-films —
oKLAUS KRONFELDNER!, TATYANA BATURINAZ, and CHRISTOPH
STRUNK! — lInstitute for Experimental and Applied Physics, Univer-
sity of Regensburg, 93040 Regensburg, Germany — 2A. V. Rzhanov
Institute of Semiconductor Physics SB RAS, Novosibirsk 630090 Rus-
sia

We measured IV -characteristics and magnetoresistance of thin TiN-
films in the vicinity of the disorder-tuned superconductor-insulator
transition (SIT) for different square sizes (5um to 240um).

While the films are superconducting at B = 0T, at finite mag-
netic fields a SIT occurs with a magnetoresistance peak between
1T < B(Rmaaz) < 2.6T for the different sizes. For temperatures higher
than T' ~ 300mK the magnetoresistance curves cross at a single point
between 0.7T < B(Recross) < 1.7T depending on the size and the R(B)
behaves linear for small B. For lower temperatures down to T' = 20mK
the R(B) rises faster than exponential for B < B(Rmaz). The mag-
netoresistance of the smaller samples (5um to 30pm) is significantly
weaker than that of the bigger samples (60pm to 240um).

The voltage-biased IV -characteristics reveal a highly non-monotonic
behavior both at zero magnetic field and at B(Rmaz)-

TT 30.47 Mon 15:00 P2
Large oscillations of the magnetoresistance in nanopat-
terned thin aluminum films — CHRISTOPHER ESPY!, eJULIAN
BRAUN', OMRI SHARON?, ELKE SCHEER!, and YOSEF YESHURUN? —
LUniversitat Konstanz, Konstanz, Germany — 2Bar-Ilan University,
Ramat Gan, Israel

With their experiments on thin superconducting cylinders Little and
Parks demonstrated oscillations of the critical temperature with the
flux threading the cylinder [1]. The periodicity of ®y = h/2e sup-
ported the picture of a correlated two-electron state, as predicted by
BCS theory. However, theoretical studies predict a h/e periodicity in
ring-shaped unconventional superconductors that can arise via various
mechanisms, when the ring diameter becomes comparable to the BCS
coherence length, & [2-3].

There is even speculation that this periodicity should be seen in
rings made out of aluminum, a conventional s-wave superconductor,
with diameters smaller than the coherence length, i.e. in the order of

1 pm [3]. Sochnikov et al. investigated this proposed periodicity in
double network patterns of LSCO but didn’t find the predicted peri-
odicity [4]. We show first results of our experiments on such double
networks of aluminum nano-rings.

(1] W. A. Little and R. D. Parks, PRL 9, 9 (1962)

[2] V. Vakaryuk, PRL 101, 167002 (2008)

[3] Loder et al., PRB 78, 174526 (2008)

[4] Sochnikov et al., Nat. Nanotech. 5, 516 (2010)

TT 30.48 Mon 15:00 P2
Analytical solutions for the energy and eigenstates of the
flux qubit — eIris CONRADI, MELANIE HAUCK, ANDREAS HEIMES,
MICHAEL MARTHALER, and GERD SCHON — Institut fiir Theoretische
Festkorperphysik, Karlsruhe

We analyze a gap tunable flux qubit and try to find an analytical solu-
tion for the eigenstates and their energy values. Using a semiclassical
method we analyze the dependence of the potential energie spectrum
on the parameters. Then we use a variation principle to determine
analytical expressions for the eigenstates. As a first step we study
the quartic potential. Here it is possible to find the e.g. the second
excited state in good approximation. This allows us to estimate the
anharmonicity of the flux qubit, which determines the speed of single
qubit operations. Similarly we also find the second excited state of the
double well potential.

TT 30.49 Mon 15:00 P2
The multidimensional eigenstates of the flux qubit —
oMELANIE HAUCK, IRIs CONRADI, ANDREAS HEIMES, MICHAEL
MARTHALER, and GERD SCHON — Institut fiir Theoretische Festkorper-
physik, Karlsruhe
In order to show the influence of the second dimension of the gap-
tunable flux qubit compared to the common one-dimensional descrip-
tion we construct the two-dimensional eigenstates using the eigenstates
of the harmonic oscillator and the double-well potential. At first we
analytically describe the eigenstates of the one-dimensional problem
with different parameter configurations. Variations of the external
flux through the main loop cause an asymmetry in the double-well po-
tential. We find the eigenstate of the double well potential for various
parameter regimes. We then numerically estimate how the eigenstates
in two dimensions can be decomposed into eigenstates of the double
well and an harmonic oscillator.

TT 30.50 Mon 15:00 P2
Tunneling and Relaxation of Single Quasiparticles in a
Normal-Superconductor-Normal Single Electron Transis-
tor — eANDREAS HEIMES', VILLE MaIsi?3, DMITRY GOLUBEVZ#,
MICHAEL MARTHALER!, GERD ScHON'4  and JUKkA PEKOLAZ —
Hnstitut fiir Theoretische Festkérperphysik and DFG-Center for Func-
tional Nanostructures, Karlsruhe Institute of Technology, D-76128
Karlsruhe, Germany — 2Low Temperature Laboratory (OVLL), Aalto
University School of Science, P.O. Box 13500, 00076 Aalto, Finland —
3Centre for Metrology and Accreditation (MIKES), P.O. Box 9, 02151
Espoo, Finland — #Institute of Nanotechnology, Karlsruhe Institute
of Technology, D-76021 Karlsruhe, Germany

We investigate the properties of a hybrid single electron transistor,
involving a small superconducting island sandwiched between normal
metal leads, which is driven by dc plus ac voltages and works as a
single electron turnstile. During the turnstile operation quasiparticles
are injected onto the superconducting island, which relax via inelas-
tic electron-phonon scattering and effectively heat up the island. We
theoretically model the time evolution of the charge transport and
the quasiparticle distribution during the pumping process. Our low-
temperature results compare well with recent experimental findings
obtained for ac-driven hybrid single-electron turnstiles.

TT 30.51 Mon 15:00 P2
RF-SQUID mediated coupling between microwave resonators
— eFABIAN KOEsseEL!2, FRIEDRICH WULSCHNER!, JAN GOETZ!,
BORJA PEROPADRE?, ALEXANDER BAUST!, ELISABETH HOFFMANNDZ,
DavID ZUECO?, FRANK DEPPE!-2, EDWIN P. MENZEL!, AcHIM MARX!,
JuAaN JOSE GARciA-RipoLL3, and RupoLr Grossb? — 1Walther-
Meifiner-Institut, Bayerische Akademie der Wissenschaften, Garching,
Germany — 2Physik-Department, TU Miinchen, Garching, Germany
— 3IFF-CSIC, Madrid, Spain — 4CSIC-Universidad de Zaragoza and
Fundacion ARAID, Spain

Networks of superconducting resonators are promising candidates for
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the implementation of analog quantum simulators. In this context it
is necessary realize a controllable coupling between nearest neighbor
resonators. Furthermore, the coupling strength between the resonators
has to be larger than the decay rates of the involved resonators. Here,
we present experimental data from two microwave resonators which are
coupled via an RF-SQUID. The coupling can be turned on and off by
applying an external magnetic field, which changes the operation point
of the RF-SQUID. Making use of chains of DC-SQUID intersected non-
linear resonators, these devices may pave the way to simulate bosonic
many body Hamiltonians in the driven-dissipative regime.

We acknowledge support from the DFG via SFB 631, the German
excellence initiative via NIM, and the EU via PROMISCE.

TT 30.52 Mon 15:00 P2
Squeezing physics and path entanglement of continuous-
variable propagating microwaves — eoE. P. MgenzeL!, L.
ZuonNG!, R. D1 Canpia®, P. Eper'-2, M. Immic*, A. Baust!, M.
HaeBerLEIND2, C. ScHNEIDERDZ, K. INOMATA®, T. YAMAMOTO®S,
Y. NakaMura®7, E. SoLano®, F. DeppE™2, A. Marx!, and R.
Gross'? — 1Walther-Meifiner-Institut, Bayerische Akademie der
Wissenschaften, Garching, Germany — 2Physik-Department, TU
Miinchen, Garching, Germany — 3University of the Basque Country
UPV/EHU and TKERBASQUE Foundation, Bilbao, Spain — 4TU
Miinchen, Germany — SRIKEN Center for Emergent Matter Science,
Japan — SNEC Smart Energy Research Laboratories, Japan — " The
University of Tokyo, Japan

Josephson parametric amplifiers (JPA) have recently become promis-
ing devices in circuit quantum electrodynamics. We report on the
detailed characterization of a flux-driven JPA at millikelvin tempera-
tures and investigate its squeezing properties by two different detection
techniques. By superimposing a squeezed vacuum and a vacuum state
on a microwave beam splitter, we demonstrate a frequency-degenerate,
continuous-variable path entanglement, which constitutes an essential
resource in quantum information and communication protocols.

This work is supported by DFG via SFB 631, German Excellence
Initiative via NIM, EU projects SOLID, CCQED, PROMISCE and
SCALEQIT, MEXT Kakenhi “Quantum Cybernetics”, JSPS FIRST
Program, the NICT Commissioned Research, Basque Government
1T472-10, Spanish MINECO FIS2012-36673-C03-02, and UPV/EHU
UFT 11/55.

TT 30.53 Mon 15:00 P2
Interference effects in superconducting coplanar waveguide
structures — oJ. Goerz!, P. SummER'2, H.P. GURTNER!:2, M.J.
Scawarz!, P. Eper', F. WuLscuNER', F. DEpPEM2, A. MARX!,
and R. Gross!? — 'Walther-Meifiner-Institut, Bayerische Akademie
der Wissenschaften, Garching — ?Physik Department, TU Miinchen,
Garching

The freedom in designing superconducting coplanar waveguide (CPW)
structures allows for the on-chip creation of electromagnetic fields with
well defined spatial intensity distributions. Here we show the precise
control of interfering fields which can be used for the control of gra-
diometer type tunable flux qubits. In addition we study the loss chan-
nels which our antenna structures add to CPW resonators. Our setup
can be used to explore the manifold physics of gap tunable flux qubits
coupled to CPW resonators.

This work is supported by the DFG via SFB 631, the Excel-
lence Initiative via NIM, as well as by the EU-projects CCQED and
PROMISCE.

TT 30.54 Mon 15:00 P2
Time and Frequency Domain Characterization of the Super-
conducting Quantum Switch — eA. Baust!, E. HOFFMANND2,
P. Eper'2, J. Gorrz!, M. HABERLEIN'2, M. Fiscuer'2, M.J.
Scuwarz!, F. WuLscuner!, E. Xig!, L. Znonc!, H. HuesL!, K.
FEpOROV!, E.P. MENZEL!, F. DEPPEL2, A. MARX!, R. Gross!:2, E.
SoLANO?, D. ZUEco?, and J.J. GARCIA-RIPOLL® — ! Walther-Meifiner-
Institut, Bayerische Akademie der Wissenschaften, Garching, Germany
— 2Physik-Department, TUM, Garching, Germany — 3Universidad
del Pais Vasco and IKERBASQUE, Bilbao, Spain — 4CSIC, Zaragoza,
Spain — ®Universidad Complutense, Madrid, Spain

Superconducting quantum circuits with transition frequencies of a few
gigahertz form a powerful toolbox for the investigation of fundamental
light-matter interaction, quantum simulation, and quantum informa-
tion processing. For scalable architectures, it is important to establish
controllable coupling between such circuits. To this end, we investi-
gate how a three-Josephson-junction flux qubit mediates tunable and

switchable coupling between two superconducting transmission line
resonators. We demonstrate the switching behaviour in both time
and frequency domain. In addition, we show that ultrastrong coupling
between the qubit and a resonant mode is present in our system.

This work is supported by DFG via SFB 631, the German Excellence
Initiative via NIM, EU projects CCQED, PROMISCE and SCALE-
QIT, the Basque Foundation for Science, Basque Government 1T472-
10, UPV/EHU UFI 11/55 and Spanish MINECO FIS2012-36673-C03-
02, FIS2011-25167, FIS2009-12773.

TT 30.55 Mon 15:00 P2
Controlling the coupling between phosphorus donor spins
and a superconducting resonator by light — eKaA1 MUELLER!Z,
CHRISTOPH W. ZoLLiTscH'2, FELIX HOEHNE®, MARTIN S. BRANDT?,
RupoLr Gross!2, and HaNs HueBL! — 1Walther-Meifiner-Institut,
Bayerische Akademie der Wissenschaften, Garching — 2Physik-
Department, Technische Universitat Miinchen, Garching — 3Walter
Schottky Institut, Technische Universitdt Miinchen, Garching

In the field of quantum information processing, phosphorus spin en-
sembles are discussed for information storage due to their exceptionally
long spin coherence- and lifetimes of the order of seconds [1, 2]. On
the other hand, their long lifetime limits the rate at which this quan-
tum memory can be set. One strategy to overcome this problem is to
shine light on the system to excite the phosphorus donor electrons. We
investigate a spin ensemble consisting of phosphorus donors in silicon
coupled to a superconducting coplanar waveguide resonator operat-
ing at GHz frequencies and below 1 K using microwave spectroscopy.
When illuminating the silicon with 1050 nm light, we find that the
coupling between the spin ensemble and resonator is reduced, which
is compatible with the excitation of donor electrons to the conduc-
tion band. Additionally, we will discuss the time constants involved
in this process. Financial support via SFB 631 and NIM is gratefully
acknowledged.

(1] A. M. Tyryshkin, Nat. Mater. 11, 143-147 (2012)

[2] G. Feher, Phys. Rev. 114, 1245 (1959)

TT 30.56 Mon 15:00 P2
Collective Quantum Phase-Slip Dynamics in Superconding
Nanowire Arrays — oSEBASTIAN T. SKACEL!, JAN N. Voss!, To-
BIAS BIER!, Lucas RADKE!, MARTIN WEIDES!, HANNES ROTZINGER!,
Hans E. Moon?3, and ALEXEY V. UsTiNOVH2 — Physikalisches In-
stitut, Karlsruher Institut fiir Technologie, D-76131 Karlsruhe, Ger-
many — 2Center for Functional Nanostructures, Karlsruher Insti-
tut fiir Technologie, D-76128 Karlsruhe, Germany — 3Kavli Institute
of Nanoscience, Delft University of Technology, 2628 CJ Delft, The
Netherlands

Superconducting nanowire arrays exhibit quantum phase-slip (QPS)
phenomenon if the superconductor has a very high normal-state sheet
resistance. We experimentally study QPS effects in arrays of nanowires
embedded in a resonant circuit at GHz frequencies. We probe this cir-
cuit at ultra-low microwave power, applied flux and mK temperatures.
The nanowires are fabricated utilizing aluminium grown in a precisely-
controlled oxygen atmosphere. In this way, we aim to control the QPS
rate for a given wire width. The wires are defined with conventional
electron beam lithography down to a width of 20 nm. We will present
the fabrication of the nanowire arrays and first microwave measure-
ments at mK temperatures.

TT 30.57 Mon 15:00 P2
Towards tunable transmon chains with individual on-chip
bias — ePETER FEHLNER, JOCHEN BRAUMULLER, LUCAS RADTKE,
SASKIA MEISSNER, HANNES ROTZINGER, MARTIN WEIDES, and ALEXEY
UstiNnov — KIT, Karlsruhe, Germany

Superconducting qubits constitute the main building blocks for quan-
tum circuits. In this work we study a multi-qubit architecture [1]
consisting of transmon qubits [2].

Such multi-partite quantum systems composed of harmonic and an-
harmonic resonant circuits manipulate the propagation of electromag-
netic waves on a single photon level. These qubits operate at a Joseph-
son to charging energy ratio of a few hundred to preserve sufficient
anharmonicity. We employ a coplanar waveguide geometry based on
interdigitated finger capacitors containing two Josephson junctions in
parallel for each qubit. The sputter-deposited overlap Al-AlO4-Al tun-
nel junctions are e-beam lithographically patterned for junction ares
of about 0.1um?. The transmons are capacitively coupled to a half
wavelength transmission line resonator. The on-chip bias lines provide
individual o, control of each qubit in the chain. Resonator readout
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and global o5, oy qubit manipulation is mediated by the resonator
coupled to the feedline.

We will present sample design, microwave simulations and first re-
sults measured at cryogenic temperatures.

TT 30.58 Mon 15:00 P2
Investigation of a tunable transmon qubit in microstrip
geometry — JOCHEN BRAUMULLER, LUCAS RADTKE, OLEKSANDR
LUKASHENKO, HANNES ROTZINGER, MARTIN WEIDES, and ALEXEY V.
UsTINOV — Karlsruhe Institute of Technology (KIT), Physikalisches
Institut, 76131 Karlsruhe, Germany

Qubits constitute the main building blocks of a prospective quantum
computer. The main challenge is given by their coherence times, de-
termining the feasibility for quantum error correction and scalability.
In this work we investigate a transmon qubit having lower sensitiv-
ity to charge noise and a reduced dephasing rate compared to a con-
ventional Cooper pair box. The employed microstrip design reduces
surface losses due to a decrease in field strength and by focussing of
field lines into the substrate. The transmon’s large shunt capacitance
pads are connected by a split Josephson junction, corresponding to a
dc-SQUID. The tunability of the transmon allows frequency selective
coupling to other quantum systems. Our design features four frequency
detuned microstrip resonators each capacitively coupled to a qubit, en-
abling frequency multi-plexed simultaneous qubit readout and better
statistics of qubit parameters. Chip fabrication is done by sputter de-
position of aluminum films and optical lithography. We will present
Josephson junction transport characterizations, microwave simulations
and qubit measurements.

TT 30.59 Mon 15:00 P2
Ultrasonic saturation of tunneling systems in supercon-
ducting circuits — eSASKIA MEISSNER, LUCAS RADTKE, JOCHEN
BRAUMULLER, HANNES ROTZINGER, MARTIN WEIDES, ALEXEY V. USTI-
Nov, and GEORG WEISS — Physikalisches Institut, KIT Karlsruhe

Atomic two-level tunneling systems (TLS) are well known to dominate
the thermodynamic low temperature properties of amorphous solids.
They are formed by an atom or a group of atoms tunneling between two
configurations within the disordered solid. These TLS are also present
in the disordered thin oxide layer of capacitors in superconducting res-
onators or tunnel barriers in Josephson junctions in superconducting
circuits where they are known as a source of dielectric loss and qubit
decoherence.

The resonant part of the dielectric loss, caused by TLS with ener-
gies fitting the measurement frequency, can be saturated at sufficiently
high microwave power due to the reduction of the TLS’s occupation
number difference. Here we will exploit the coupling of the TLS to me-
chanical strain field to saturate them with high frequency ultrasonic
waves.

The required ultrasonic waves in the GHz range are generated either
by surface acoustic wave transducers directly integrated in the super-
conducting resonator circuit or by bulk acoustic wave transducers on
the chip’s backside. RF-sputtered zinc oxide is used as piezoelectric
film. Chip design, simulation of the resonators and data will be pre-
sented.

TT 30.60 Mon 15:00 P2
Probing the Interaction of Individual Two-Level-Systems
with Quasiparticles using a Superconducting Qubit —
e ALEXANDER BILMES, JURGEN LISENFELD, GEORG WEISS, and ALEXEY
V. UsTINOV — Physikalisches Institut, Karlsruhe Institute of Technol-
ogy and DFG-Center for Functional Nanostructures (CFN), D-76128
Karlsruhe, Germany

Two-Level-Systems (TLS) are solid state defects which constitute one
of the main sources of decoherence in a variety of nanoscale devices
while their physical nature remains yet unclear. TLS couple to the
environment via their electrical dipole moment and the mechanical
strain field. It is possible to use a superconducting phase qubit for
coherent manipulation and measurement of TLS which reside inside
the tunnel barrier of the qubit’s Josephson junction. In order to ver-
ify theoretical TLS models, we investigate whether TLS interact with
quasiparticles (QP) existing in the qubits circuit. We use an on-chip
DC-SQUID to generate QP in-situ. The QP density can be calibrated
according to their effect on the phase qubit, where they give rise to
a change in energy relaxation time and plasma frequency as has been
shown by the group of J.M. Martinis [1]. Here we present first results
on the coherence of individual TLS in dependence of TLS asymmetry
and QP density. We observe a strong enhancement of the TLS energy

relaxation rate by injected QP.
[1] J. Wenner et al., Phys. Rev. Lett. 110, 150502 (2013)

TT 30.61 Mon 15:00 P2
Low-Vibration Design of a 4 K Pulse Tube Cooler oper-
ated on Helium Compressors of Small Input Power — JENS
FaLTERY2, BERND SCHMIDT!, ANDREAS EULER!, MARC DIETRICH!,
ANDRE SCHIRMEISEN'-?, and eGUNTER THUMMES!? — I TransMIT-
Center for Adaptive Cryotechnology and Sensors, Giessen, Germany —
2Institute of Applied Physics (IAP), Justus-Liebig-University Giessen,
Germany

In comparison to conventional Gifford-McMahon coolers, Pulse Tube
Coolers (PTC) offer the advantage of having no moving parts at low
temperatures. This feature results in high reliability and reduced vi-
brations of the cold head, which makes the PTC very attractive for
highly-sensitive applications. However, due to the periodic compres-
sion and expanding cycles in the cold head, also PTCs exhibit two
intrinsic effects: (1) a periodic variation in temperature; (2) a peri-
odic elastic deformation (”breathing”) of the thin walled pulse- and
regenerator-tubes, which leads to residual vibrations. Here we present
a two-stage 4 K PTC cold head which was especially designed to work
with compressors of low input power in order to minimize these intrin-
sic effects. Nevertheless, small variations in temperature and residual
vibrations remain due to their intrinsic nature. Further reduction of
the temperature oscillations can be achieved with metal plates of low
thermal diffusivity and the residual vibrations can be further reduced
by successfully decoupling the cooler from the experiment.

TT 30.62 Mon 15:00 P2
Ultra-thin TaN films on different substrates for supercon-
ducting detectors — elLyA CHARAEV, KONSTANTIN ILIN, and
MICHAEL SIEGEL — Institute of Micro- and Nanoelectronic Systems,
Karlsruhe Institute of Technology, Hertzstrasse 16, Karlsruhe, Ger-
many

Superconductors widely used for development of detectors with ulti-
mate sensitivity. For example, Tantalum Nitride (TaN) is a promis-
ing material for superconducting nanowire single-photon detector
(SNSPD) in a wide spectral range. We report on a study of super-
conducting, normal state and thermal properties of ultra-thin TaN
films for SNSPD. The films with a thickness of 5.5 nm were deposited
by reactive magnetron sputtering in an Ar+Ns2 atmosphere on differ-
ent substrates like Sapphire, Si, MgO and Si with AIN buffer layer.
While the critical temperatures Tc and the critical current density j.
(4.2 K) of TaN films on sapphire and MgO substrates have been found
almost identically (about 9.3 K and 4 MA/cm? correspondingly) the
Tc values of the films on Si substrate were much lower (4.76 K). Using
a buffer layer of AIN the T. of TaN on Si (important for THz appli-
cations) has been increased up to 7 K. Thermal coupling (estimated
from the hysteresis current density) between TaN films and MgO and
Sapphire substrates has been found alike while on Si substrates with
AIN buffer layer the coupling was much weaker. A detailed analysis of
the influence of substrate material on properties of TaN films will be
presented and the potential of TaN films for different applications will
be discussed.

TT 30.63 Mon 15:00 P2
Thin NbN film nanowires on GaAs for single-photon
detectors — eEKKEHART SCHMIDT!, ULRICH RENGSTL?, ELISA-
BETH KOROKNAY2, KONSTANTIN ILIN!, MICHAEL JETTERZ, PETER
MicHLER?, and MICHAEL SIEGEL! — lInstitut fiir Mikro- und Na-
noelektronische Systeme (IMS), Karlsruher Institut fir Technologie,
Hertzstrasse 16, 76187 Karlsruhe, Germany — 2Institut fiir Halbleit-
eroptik und funktionelle Grenzflachen (IHFG), Universitat Stuttgart ,
Allmandring 3, 70569 Stuttgart, Germany

For photonic integrated circuits, on chip emitters as well as detec-
tors are needed to provide efficient data processing. Therefore fast
and efficient detectors compatible with large scale integration along
with sources, microcavities, waveguides and interferometers based on
GaAs technology are required. Due to their single-photon resolution,
fast detection, high detection efficiency and low dark count rate, the
Superconducting Nanowire Single-Photon Detectors (SNSPDs) seem
very promising. We studied transport and superconducting properties
of 6 nm thick NbN films on GaAs suitable for SNSPD development.
The NbN films were deposited using reactive magnetron sputtering on
heated GaAs substrates. A Tc > 10 K of films has been achieved.
SNSPDs were patterned using electron-beam lithography (EBL) and
reactive-ion etching (RIE). The critical-current density of a 120 nm
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wide nanowire at 4.2 K exceeds 1.4 MA/cm"2. Results on study of
optical response of NbN nanowire on GaAs will be presented and po-
tentials of SNSPD integration into GaAs based photonic circuits will
be discussed.

TT 30.64 Mon 15:00 P2
High-T. YBCO nanowires for detector applications —
oSTEFFEN Kocu!2, JULIANE RaAscH?, KONSTANTIN ILIN?, BERNHARD
HorLzapreL3, Kazumasa Iipa%, MArRc WEBER!, and MICHAEL SIEGEL2
— Mnstitute for Data Processing and Electronics, Karlsruhe Institute
of Technology (KIT) — 2Institute of Micro- and Nanoelectronic Sys-
tems, KIT — 3Institute for Technical Physics, KIT — *Leibniz Insti-
tute for Solid State and Materials Research Dresden, IFW Dresden

YBa2CuszO7_4 (YBCO) is a promising high-T. material for the fabri-
cation of superconducting detectors with ultimate sensitivity and ultra-
fast response in a broad spectral range. Due to its intrinsic interaction
times of less than 2 ps [1] the timing jitter of the response of super-
conducting YBCO nanowire single-photon detectors (SNSPD) should
be smaller than in NbN SNSPDs.

The design of a SNSPD made from YBCO requires the patterning
of meander lines with widths of the nanowire below 300 nm. The re-
quired thickness of the YBCO films ranges from a few nanometers for
the absorption of optical photons up to several hundred nanometers in
the X-ray range.

We will present results on the development of a technology for YBCO
nanowires with thicknesses below 40 nm, widths of a few hundred
nanometers and lengths up to tens of micrometres. The supercon-
ducting transport properties of different nanowire geometries measured
with and without applying a magnetic field will be presented.

[1] M. Lindgren et al., Appl. Phys. Lett. 74 , 853 (1999)

TT 30.65 Mon 15:00 P2
Advances in the development of microstructured Magnetic
Penetration Thermometers (MPT) — eJ. GEIST, S. KEMPF, L.
GASTALDO, A. FLEISCHMANN, and C. ENss — KIP Heidelberg Univer-
sity
We recently started the development of microfabricated calorimet-
ric detectors with magnetic penetration thermometers (MPT). MPTs
make use of the steep temperature dependence of the magnetic pen-
etration depth and the critical magnetic field of a superconducting
sensor to monitor its temperature. When the sensor is placed in a
weak magnetic bias field, the temperature rise following the absorp-
tion of a particle in the detector leads to a change of magnetic flux
density B(r) inside the sensor and in its vicinity, which is detected as
a magnetic flux change in the pickup coil of a sensitive magnetometer
and serves as a measure of the absorbed energy.

We present numerical design studies as well as first experimental
tests of microfabricated MPT sensor layers, patterned to form arrays of
micron wide lines and dots which can be read out e.g. using meander-
shaped pickup coils. We show that hysteresis effects as previously
observed in MPT devices with large-area superconducting films can
be completely suppressed. We also show that elemental superconduc-
tors needs to be deposited with high film quality to allow for a high
detector sensitivity and therefore energy resolution. Finally, we show
that the requirements on the film quality is somehow relaxed when the
MPT sensor is made of thick S/N bilayers such as Al/Au or Al/Ag.

TT 30.66 Mon 15:00 P2
Development of dc-SQUIDs for the readout of metallic mag-
netic calorimeters — eA. FERRING, S. KEMPF, M. WEGNER, A.
FLEISCHMANN, L. GASTALDO, and C. ENss — Kirchhoff-Institute for
Physics, Heidelberg University.

The very large bandwidth, the quantum limited noise performance, as
well as the compatibility with very low operation temperatures make
superconducting quantum interference devices (SQUIDs) the devices
of choice for the readout of low temperature microcalorimeters such
as metallic magnetic calorimeters (MMCs). For many MMC, low in-
ductance current sensing SQUIDs are used to either directly measure
the detector output signal or to act as an ultra low noise amplifier in
a multistage SQUID configuration. Due to the desire for devices that
are optimized for the readout of state-of-the-art MMCs, we have re-
cently started the development of low-T current sensing dc-SQUIDs
employing an in-situ sputtered Nb/Al-AlOx/Nb trilayer.

We discuss our various de-SQUID designs as well as the properties
of produced prototype SQUIDs. In particular, we compare SQUIDs
made by three different fabrication processes that are based on se-
lective Niobium etching which is optionally combined with chemical

anodization. We investigate the noise performance of our devices with
respect to the absolute value and the temperature dependence of the
white noise level. Furthermore, we study the presence of an 1/ f-like
noise contribution and its temperature dependent behaviour. Finally,
we experimentally show that state-of-the-art MMCs can successfully
be read out by our SQUIDs.

TT 30.67 Mon 15:00 P2
Microfabrication of Metallic Magnetic Calorimeters — C.
EnNss, A. FERRING, A. FLEISCHMANN, L. GAMER, L. GASTALDO, J.
GEIST, eD. HENGSTLER, S. KEMPF, M. KRANTZ, A. PABINGER, C.
Pies, C. SCcHOTZ, V. SCHULTHEISS, and T. WoLF — KIP Heidelberg
University.

Metallic Magnetic Calorimeters (MMCs) are low temperature parti-
cle detectors that nowadays can reliably be produced with multilayer
microfabrication techniques. Moreover, the consequent use of these
techniques allows for the fabrication of thousands of virtually identi-
cal detectors as it is required for large detector arrays. Using vari-
ous examples of current MMC detectors which are actively used for
spectroscopic measurements, we present our state-of-the-art microfab-
rication processes. This includes the fabrication of micron wide Nb
lines with critical current densities close to the bulk value, persistent
current switches allowing for a preparation of a persistent current in
these Nb lines, temperature sensors made of co-sputtered Au:Er with
concentrations between 200 ppm and 900 ppm, as well as overhanging
particle absorbers made of electroplated gold with thicknesses between
3 um and 200 pm. We also discuss a process for thermal anchoring the
detectors through a Si wafer by connecting both sides of the wafer
with the help of a DRIE-ICP etch and a Au electroplating process.
Finally, we discuss the fabrication of thin, large-area (4 > 1cm?) free-
standing absorbers which are connected to the solid substrate only via
some stems with a very small diameter.

TT 30.68 Mon 15:00 P2
Large-area detector for position and energy resolving detec-
tion of molecular fragments — eL. GAMER!, S. ALLGEIER!, D.
HenGsTLER!, S. KEMPF!, C. KRANTZZ, O. NOVOTNY?, A. PABINGER!,
C. Pes!, A. WoLF?, L. GASTALDO!, A. FLEISCHMANN!, and C. Enss!
— 1KIP Heidelberg University. — 2MPI-K Heidelberg. — 3Columbia
Astrophysics Laboratory, New York, USA.

To study reactions like the dissociative recombination in laboratory
environment, the MPI-K in Heidelberg is building a cryogenic storage
ring to prepare molecular ions in their rotational groundstate. The
kinematics of these processes can be resolved by a position and energy
sensitive detection of the produced molecule fragments. Previously, we
described a large-area MMC for position and energy sensitive detec-
tion of massive particles. The detector encompasses 16 large-area ab-
sorbers, the temperature of each is monitored by a paramagnetic sensor
located at a short edge of the absorber. Due to the finite thermal diffu-
sivity in the absorber material, the rise-time of the detector depends on
the impact location of the particle. We compare the expected energy
resolution and position sensitivity of this detector to experimental re-
sults where energy was deposited at different positions. We investigate
the impact of backscattering, sputtering and lattice damage effects on
the instrumental linewidth by means of Monte Carlo simulations and
measurements performed with a similar detector that was irradiated
with ions and small molecules. We find that the degradation of energy
resolution is less than predicted and show that molecular fragments
which differ by only 1 mass unit can clearly be resolved.

TT 30.69 Mon 15:00 P2
Design of a Large Solid Angle Array of Calorimetric
Low Temperature Detectors for Applications in Heavy Ion
Research — ePATRICK GRABITZ"'2, ARTUR EcHLERY?3, PETER
EGELHOFY2, and SAskiA KrRAarT-BERMUTH® — 1GSI Helmholtzzen-
trum fir Schwer-
ionenforschung, Darmstadt, Germany — 2Johannes Gutenberg Uni-
versitét, Mainz, Germany — 3Justus-Liebig-Universitat, GieBen,
Germany

Calorimetric low temperature detectors (CLTDs) for heavy ion detec-
tion have been demonstrated to achieve an excellent relative energy res-
olution of AE/E = 1—2x1073 in a wide range of energies. Combined
with time of flight detectors they were successfully applied in acceler-
ator mass spectroscopy and stopping power measurements. They also
have the potential to be applied for determination of fission fragment
distributions as well as for mass identification of super heavy elements
with Z > 113. At present a CLTD array consisting of eight individu-
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ally temperature controlled pixels with an active area of 12x6mm? is
used in different applications. To exploit the full potential of CLTDs
in further experiments the active area has to be increased. The design
of the new array with 25 individually temperature controlled pixels
and an active area of 15x15mm? will be discussed. Results from the
first performance tests will be presented.

TT 30.70 Mon 15:00 P2
Schutzdioden fiir supraleitende Magnete am KATRIN-
Experiment — eALEXANDER JANSEN — KIT - Institut fiir Kern-
physik — Postfach 3640, 76021 Karlsruhe

Die absolute Neutrinomasse ist sowohl fiir die Astroteilchenphysik, als
auch fiir die Kosmologie von grofler Bedeutung. Ziel des KATRIN-
Experiments ist die modellunabhéingige Messung der Neutrinomasse
mit einer Sensitivitit von 0.2eV/c?(90%C.L.) iiber die Kinematik des
Tritium-3-Zerfalls. Hierzu werden die Zerfallselektronen aus der fens-

terlosen, gasférmigen Tritiumquelle (WGTS) iiber eine differentielle
Pumpstrecke (DPS) und eine kryogene Pumpstrecke (CPS) zum Spek-
trometerbereich (MAC-E-Filter) gefiihrt, wo ihre Energie mit hoher
Prézision gemessen wird.

Die Aufgabe der Transportstrecke (DPS und CPS) ist es, das gesam-
te Tritiumgas abzupumpen, bevor es das Spektrometer erreichen kann.
Gleichzeitig werden die Zerfallselektronen adiabatisch zum Spektrome-
ter geleitet. Der Elektronentransport erfolgt dabei mit Hilfe magneti-
scher Felder, die durch supraleitende Magnete erzeugt werden. Der si-
chere Betrieb der Anlage erfordert besondere Mafinahmen zum Schutz
der Magnete im Quenchfall. Dabei muss die im Magnetfeld gespeicher-
te Energie sicher abgefiihrt werden. Hierzu wurde ein neues Design fiir
die Schutzdioden mit verbesserter Warmeankopplung konzipiert. Der
Vortrag gibt einen Uberblick iiber den Quell- und Transportbereich
und stellt das Konzept der Schutzdioden inklusive Testmessungen vor.

Dieses Projekt wird vom BMBF unter dem Kennzeichen 05A11VK3
und von der Helmholtz-Gemeinschaft geférdert.

TT 31: Spin Properties of Graphene (organized by HL; with DS, MA, O, TT)

Time: Tuesday 9:30-12:15

Invited Talk TT 31.1 Tue 9:30 HSZ 02
Intrinsic magnetism in graphene — eIRINA GRIGORIEVA — School
of Physics and Astronomy, University of Manchester, UK

I will review our recent experiments on inducing and controlling mag-
netic response in graphene via introduction of point defects such as
vacancies and adatoms. Graphene is hailed as potentially an ideal
material for spintronics due to its weak spin-orbit interaction and the
ability to control its electronic properties by the electric field effect.
We have demonstrated that point defects in graphene - both vacan-
cies and adatoms - carry magnetic moments, leading to pronounced
paramagnetic behaviour that dominates graphene’s low-temperature
magnetism. Even better, we show that the defect magnetism is itin-
erant (i.e. due to localisation of conduction electrons) and can be
controlled by doping, so that the induced magnetic moments can be
switched on and off. This not only adds important functionality to po-
tential graphene devices but also has important implications for spin
transport.

Invited Talk TT 31.2 Tue 10:00 HSZ 02
Defect Induced Magnetic Moments in Graphene — e¢ROLAND
KawakaMI — The Ohio State University, Columbus, OH, USA —
University of California, Riverside, CA, USA

We utilize non-local spin transport measurements to detect the pres-
ence of defect induced magnetic moments in graphene. As shown
in this talk, point defects such as hydrogen adatoms and lattice va-
cancies generate magnetic moments in graphene that have substan-
tial exchange coupling with the conduction electrons. Therefore, this
exchange coupling produces spin relaxation in the conduction elec-
trons. Specifically, a characteristic field dependence of the non-local
spin transport signal identifies the presence of the magnetic moments.
Furthermore, Hanle spin precession measurements indicate the pres-
ence of an exchange field generated by the magnetic moments. The
entire experiment including spin transport is performed in an ultra-
high vacuum chamber, and the characteristic signatures of magnetic
moment formation appear only after hydrogen adatoms or lattice va-
cancies are introduced.

Invited Talk TT 31.3 Tue 10:30 HSZ 02
Role of MgO barriers for spin and charge transport in
Co/MgO/graphene spin-valve devices — ¢ BERND BESCHOTEN —
2nd Institute of Physics and JARA-FIT, RWTH Aachen University,
52074 Aachen, Germany

We investigate the influence of MgO barriers on spin and charge trans-
port in single (SLG) and bilayer (BLG) graphene spin-valve devices.
Similar to previous studies on BLG [1], we observe a 1/u of the spin
lifetime in SLG devices. This general trend is only observed in devices
with large contact resistance area products R.A > 1kQum?. In devices
with long spin lifetimes, we furthermore observe a second Dirac peak,
which results from charge transport underneath the contacts. In con-
trast, all devices with R.A < 1kQum? only exhibit a single Dirac peak.
Additionally, the spin lifetime is significantly reduced indicating that
an additional spin dephasing occurs underneath the electrodes. In the
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latter devices we achieve a gradual increase of R.A values by successive
oxygen treatments. With this manipulation of the contacts both spin
lifetime and amplitude of the spin signal can significantly be increased
by a factor of seven in the same device. Finally, we present a new
method to fabricate graphene-based lateral spin valves on hexagonal
boron nitride yielding spin lifetimes above 3 ns, spin diffusion length
above 10 pum and large charge carrier mobilities above 30.000 cm? /Vs.

This work was supported by DFG through FOR 912.

[1] T.-Y. Yang et al, Phys. Rev. Lett. 107, 047206 (2011).

[2] F. Volmer et al. Phys. Rev. B 88, 161405(R)(2013).

Coffee break (15 min.)

Invited Talk TT 31.4 Tue 11:15 HSZ 02
Defect-Mediated Spin Relaxation and Dephasing in
Graphene — MARK LUNDEBERG!:2, Sivia FoLK!, and eJosHUA
FoLk! — 1University of British Columbia, Vancouver, Canada —
2Institute of Photonic Sciences, Barcelona, Spain

This talk will describe a series of transport measurements that disen-
tangle mechanisms of spin and orbital phase relaxation in graphene.
The measurements are based on well-known quantum interference
phenomena—weak localization and universal conductance fluctuations.
We show that a careful analysis of the in-plane magnetic field and
temperature dependences of these effects can separately quantify spin-
orbit and magnetic scattering rates; this technique works especially
well in graphene due to its single-atom thickness. Spin relaxation
in exfoliated graphene on SiO2 is found to be dominated by magnetic
scattering (scattering off of magnetic defects), with a smaller contribu-
tion from spin-orbit interaction. A similar measurement performed in
graphene on SiC suggests that both magnetic scattering and spin-orbit
interaction are a factor of 10 stronger than in exfoliated graphene.

Invited Talk TT 31.5 Tue 11:45 HSZ 02
Electron spin relaxation in graphene: resonant scattering off
local magnetic moments — eJAROSLAV FABIAN, DENIS KOCHAN,
and MARTIN GMITRA — Institute for Theoretical Physics, University
of Regensburg, 93040 Regensburg, Germany

Dirac electrons in graphene should have large spin relaxation time,
some microseconds, due to the weak spin-orbit coupling of its itiner-
ant electrons. Yet experiments show spin lifetimes as short as 100 ps.
Traditional spin relaxation mechanisms, Elliott-Yafet and Dyakonov-
Perel, seem incapable to explain such short lifetimes, even though some
external influences such as hydrogen adatoms seem to induce giant lo-
cal spin-orbit coupling [1] and so enhance spin-orbit induced spin flips.
We believe that the culprit may instead be local paramagnetic mo-
ments due to vacancies and some adatoms. As the local moments sit
on resonance sites, the spin flip is resonantly enhanced. These res-
onant local moments are acting as spatial spin hot spots: they may
contribute little to momentum relaxation of graphene, but dominate
the spin relaxation. This new mechanism explains the observed 100 ps
spin lifetimes with as little as 1 ppm of local moments [2]. We acknowl-
edge support from DFG SFB 689, SPP 1285, GRK 1579, and EC under
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Graphene Flagship (Contract No. CNECT-ICT-604391). [1] M. Gmi-
tra, D. Kochan, and J. Fabian, Spin-orbit coupling in hydrogenated
graphene, Phys. Rev. Lett. 110, 246602 (2013);[2] D. Kochan, M.
Gmitra, and J. Fabian, Spin relaxation mechanism in graphene: reso-

nant scattering by magnetic impurities, arXiv:1306.0230.

TT 32: Cryotechnique

Time: Tuesday 9:30-9:45

TT 32.1 Tue 9:30 HSZ 201
Efficient countermeasures against the intrinsic temperature
oscillations of low vibration 4 K pulse tube cryo-coolers
— oJENS FALTER!, BERND ScHMIDT!, ANDREAS EULER!, MARC
DieTrRICH!, ANDRE SCHIRMEISEN':2, and GUNTER THUMMESD2 —
ITransMIT-Center for Adaptive Cryotechnology and Sensors, Giessen,
Germany — 2Institute of Applied Physics (IAP), Justus-Liebig-
University Giessen, Germany

Within the family of regenerative cooling systems, Pulse Tube Cool-
ers (PTC) provide long life operation and low vibrations due to the
absence of moving parts inside the cold head. But as a consequence
of the periodic compression and expansion cycles of the process gas
(He), they exhibit an intrinsic temperature oscillation. Depending on
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the application, these variations can interfere with the distortion free
cooling of detectors and superconducting voltage standards by use of
PTCs. If only a low cooling power is needed, those oscillations can be
passively damped by a metal plate of low thermal diffusivity. How-
ever, this damping fails when high cooling powers are required. Here
we present an efficient method for damping the temperature variations
which is suitable for applications demanding high cooling power near 4
K. The key component is a small pot located at the cold flange of the
cold head. Small amounts of helium gas are precooled and liquefied
into the pot. The high specific heat of liquid helium, together with
the heat transfer by two-phase flow, allows an effective damping of the
temperature oscillation without notable loss of cooling power. This
new damping unit is a closed cycle system and maintenance free.

TT 33: Superconductivity: Vortex Physics

Time: Tuesday 9:45-11:00

TT 33.1 Tue 9:45 HSZ 201
Dynamics of superconductor vortices in finite-thickness Nb
open microtubes — eVLADIMIR M. FoMmIN!, RENAT R. DUSAEV?,
RoMAN O. REzAEVZ3, and OLIVER G. ScaMiDT}* — lInstitute for
Integrative Nanosciences, IFW-Dresden, D-01069 Dresden, Germany
— 2Tomsk Polytechnic University, Tomsk, 634050, Russia — 3Moscow
Engineering Physics Institute, Moscow, 115409, Russia — *Material
Systems for Nanoelectronics, Chemnitz University of Technology, D-
09107 Chemnitz, Germany

Combination of reduced dimensionality with curved geometry in rolled-
up superconductor micro- and nanotubes is a rich source of novel vor-
tex dynamics [1,2]. Numerical modeling of a realistic finite-thickness
Nb open microtube in a magnetic field orthogonal to the tube axis has
been performed within the Ginzburg-Landau approach. An increase
of thickness enhances the vortex-vortex interaction which results in a
steady configuration with a reduced number of vortices and extends
the upper magnetic field, at which the vortex dynamics occur, by a
factor of two at least. This leads to new vortex dynamics as compared
to the zero-thickness model. In particular, a regime is revealed where
a configuration of vortices is fixed in the region far from the tube ends,
while in the vicinity of the ends vortices nucleate at the top and bot-
tom sides and then move toward each other until they annihilate as a
vortex-antivortex pair.

The work was supported by the BMBF-Russia research grant
01DS13009.
[1] V. M. Fomin, R. O. Rezaev, O. G. Schmidt, Nano Lett. 12, 1282
(2012)
[2] R. O. Rezaev, V. M. Fomin, O. G. Schmidt, Physica C 497, 1 (2014)

TT 33.2 Tue 10:00 HSZ 201
Neutron scattering studies of domain structures in type-
II superconductor Niobium — eTommy REIMANNDZ, MICHAEL
ScuuLz!'»2, SEBASTIAN MUHLBAUER!, CHRISTIAN GRUNZWEIGS, and
PETER BONIZ — 1 Heinz Maier-Leibnitz Zentrum (MLZ), TU Miinchen,
Garching (D) — 2Physikdepartment E21, TU Miinchen, Garching (D)
— 3Paul-Scherrer-Institut, Villigen (CH)

In the intermediate mixed state (IMS) of a type II superconductor
(SC), the sample splits up into Meissner domains and Shubnikov do-
mains which carry the vortex lattice (VL). A detailed investigation
of these domain patterns offers the possibility to study general char-
acteristics of domain nucleation and morphology as well as the phys-
ical properties of vortex-vortex and vortex-pinning interactions. In
this talk we show that ultra small angle neutron scattering (USANS)
can be used for the identification of VL properties. We have studied
the VL domain morphology in a Nb single crystal disc that exhibit

Location: HSZ 201

strong vortex pinning. USANS is sensitive to structures with sizes up
to 20 microns and is therefore capable to probe IMS domains which
is not possible with the commonly used small angle neutron scatter-
ing (SANS). Futhermore, USANS averages over the whole sample and
hence probes the bulk of the material in contrast to magneto opti-
cal methods. Our investigation on the IMS of Nb reveals a preferred
domain size with a strong dependence on magnetic field and sample
thickness. Surprisingly , the average domain size is nearly independent
of the temperature in a field cooled measurement giving some hint on
the nature of field expulsion in the IMS of samples with significant
pinning.

TT 33.3 Tue 10:15 HSZ 201
Spatial-dependent critical magnetic field for the suppression
of superconductivity in a single Pb island with non-uniform
thickness — ®AUGUSTO LEON VANEGAS!, AGNIESZKA STEPNIAK!,
MicHAEL CAMINALE!, HiRoFUuMI OKA!, DIRK SANDER!, and JURGEN
KIRSCHNER!2 — IMax-Planck-Institute of Microstructure Physics,
Halle, Germany — 2Martin Luther University Halle-Wittenberg

‘We have studied the superconducting properties of Pb islands of 7—10
layers thickness and sizes of 1600 — 10000 nm? on Pb/Ag/Si(111)
with a 3He cooled scanning tunnelling microscope (*He-STM) with
a vector magnetic field. Spatially resolved scanning tunnelling spec-
troscopy(STS) at 1.8 K shows a uniform superconducting gap across
the islands at 0 T. We have measured the differential conductance at
zero bias (ZBC) across several islands with varying the magnetic field
perpendicular to the island surface. We identify the vortex formation
field (Hgy) for islands larger than 5000 nm? and the critical field for
suppressing superconductivity (Hc2) in the islands. Below Hcy the
islands remain superconducting with small spatial variations of the
ZBC from the centre to the edge of the island, which we ascribe to
Meissner screening currents along the island perimeter. Between Hcy
and Hco spectroscopy indicates the formation of a single vortex, with
normal conductance at its centre. We observe that for islands with a
non-uniform height, Hgo varies across the island. The thickest part of
the island remains superconducting at higher magnetic field.

TT 33.4 Tue 10:30 HSZ 201
ac susceptibility investigation of vortex dynamics in nearly-
optimally doped Ba(Fei_;Co;)2As2 — eGIACOMO PRrRANDO!,
ROMAIN GIRAUD!, SAICHARAN ASWARTHAM!, OLEKSII VAKALIUK!,
CHRISTIAN HEss!, SABINE WURMEHL!2, ANJA WOLTER-GIRAUD!, and
BERND BUCHNERD2 — lLeibniz-Institut fiir Festkorper- und Werk-
stoffforschung (IFW) Dresden, Germany — 2Institut fiir Festkorper-
physik, Technische Universitat Dresden, Germany
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In this contribution we will report about the dynamical features of
the flux lines in single crystals of optimally-doped superconducting
Ba(Fe1_;Cogz)2As2 [1]. Investigations were performed by means of
magneto-resistivity and first-harmonic ac susceptometry. The ex-
tremely high-quality of the sample allows us to enlighten the emergence
of a thermodynamical phase transition between the different configu-
ration of vortices in the H —T phase diagram. Insights will be provided
into the anomalous features of the magnetic relaxation and into the
nature of the glassy phase. As a surprising output, non-negligible val-
ues of chemical doping (z = 10 %) act as a remarkable low level of
quenched disorder for the vortices.

[1] G. Prando et al., Journ. Phys.: Cond. Matt. 25, 505701 (2013)

TT 33.5 Tue 10:45 HSZ 201
Interference of edge and bulk pinning mechanisms in ultra-
thin superconducting NbN and TaN mesoscopic bridges —
oKONSTANTIN ILIN and MICHAEL SIEGEL — linstitute of Micro- and
Nanoelectronic Systems, Karlsruhe Institute of Technology (KIT),
Hertzstrafle 16, 76187 Karlsruhe, Germany

Ultra-thin superconducting films are widely used for development of
different types of radiation detectors. Usually, the operation condi-
tions of the detectors are very close to the critical ones. Therefore
the critical current density jc and its dependence on temperature and
magnetic fields B are interesting not only from the fundamental point
of view but very important for different applications. We present re-
sults on experimental investigations of jc(B) dependencies in thin film
bridges made from NbN and TaN ultra-thin films deposited on sap-
phire substrates. We have found that in bridges with a width much
smaller than the Pearl length and with a thickness about the coherence
length (5 nm) the jc(B) dependence is non-monotonic. The critical cur-
rent density oscillates at B = Bs corresponding to transition from the
Meissner (B < Bs) to a vortex state. Moreover in the vortex state at
B > Bs the jc(B) dependence is weaker than that one expected from
the edge pinning mechanism solely. The observed phenomena could be
explained by a significant contribution of a bulk pinning mechanism to
the critical state of the current carrying superconducting mesoscopic
structures.

TT 34: Superconductivity: Heterostructures

Time: Tuesday 11:15-13:00

Invited Talk TT 34.1 Tue 11:15 HSZ 201
Giant Thermopower in the Emerging Field of Super-
Spintronics — eMATTHIAS ESCHRIG — Department of Physics, Royal
Holloway, University of London, Egham, Surrey TW20 OEX, United
Kingdom

Thermoelectric effects in metals and superconductors are usually neg-
ligibly small as they require a strongly asymmetric density of states.
Thus, relatively little attention has been paid to these effects so far in
the new emerging field of super-spintronics. This field combines the
advantages of control of spin as basic principle in spintronics with that
of macroscopic quantum interference, a hallmark of superconductiv-
ity. At the same time, non-local transport has been studied during
the past decade in connection with so-called crossed Andreev reflec-
tion in a number of pivotal experiments. I will discuss how the idea of
non-local transport has been generalised to include thermal currents
in superconducting spintronics devices [1]. Surprisingly, it turns out
that a dramatic enhancement of thermoelectric effects can be achieved
when combining spin-dependent scattering phases with spin-filtering
effects in superconductor-ferromagnet heterostructures. Thermopow-
ers of the order of 100 uV/K can be achieved. We study a non-local
setup with three terminals (two ferromagnetic, one superconducing),
and show that a nonlocal version of the Onsager symmetry relations
holds. We calculate all thermodynamic coefficients in diffusive as well
as ballistic structures, and include non-equilibrium distribution func-
tions as well as singlet-triplet mixing in the superconducting region.
[1] P. Machon, M. Eschrig, W. Belzig, PRL 110, 047002 (2013).

TT 34.2 Tue 11:45 HSZ 201

Giant thermoelectric effects in proximity-coupled
superconductor-ferromagnet devices — oPETER MACHON!,
MATTHIAS ESCHRIG?, and WOLFGANG BELzIG! — !Department of

Physics, University of Konstanz, D-78457 Konstanz, Germany —
2SEPnet and Hubbard Theory Consortium, Department of Physics,
Royal Holloway,

University of London, Egham, Surrey TW20 0EX, United Kingdom

The usually negligibly small thermoelectric effects in superconducting
heterostructures can be boosted dramatically due to the simultaneous
effect of spin-dependent scattering and spin-filtering [Phys. Rev. Lett.
110, 047002 (2013)]. Using that principle, we propose realistic setups
to measure the local thermoelectric effects combining superconducting
and ferromagnetic elements. We find that a thermopower ~ 100uV/K
can be achieved if the setup allows to drain the thermal current. For
applications in nano-cooling we show that the figure of merit can ex-
ceed one for realistic parameters at low temperatures.

Due to crossed Andreev reflections and coherent electron transfer,
three terminal structures also provide nonlocal thermoelectricity, here
discussed in clean and in disordered structures. Our results show that
a nonlocal version of the Onsager’s reciprocity relation holds in a three
terminal quantum coherent device.

TT 34.3 Tue 12:00 HSZ 201

Location: HSZ 201

Features and functionalities of superconducting hybrids
with mixed singlet and triplet states — ePABLO BURSET!,
FeLiX KEDEL!, YUkio TANAKAZ, NAOTO NAGA0OSA3, and BJORN
TRAUZETTEL! nstitute for Theoretical Physics and Astro-
physics, University of Wiirzburg, D-97074 Wiirzburg, Germany —
2Department of Applied Physics, Nagoya University, Nagoya, 464-
8603, Japan — 3Department of Applied Physics, University of Tokyo,
Tokyo 113-8656, Japan

‘We propose a model for a superconductor where both spin-singlet and
triplet pairing amplitudes can coexist. By solving the Bogoliubov-
de Gennes equations with a general pair potential that accounts for
both spin states we study experimental signatures of normal metal
and superconductor hybrids. The interplay between the spin-singlet
and triplet correlations manifests in the appearance of two effective
gaps. This double gap structure can be detected in the conductance of
an isolated normal-superconductor junction. Interestingly, depending
on which spin state is dominant, the conductance presents a conven-
tional gap structure or an unconventional zero-bias peak. The form of
the Andreev bound states formed at a short ballistic Josephson junc-
tion strongly depends on the spin state of the pairing amplitude at
each superconductor. The periodicity of the current flowing through
the junction changes for a dominant singlet or triplet pairing. Remark-
ably, for an arbitrary mix of the spin states, the Josephson current can
be spin polarized for a certain range of the phase difference between
the superconductors.

TT 34.4 Tue 12:15 HSZ 201
Proximity effect in superconductor/conical magnet /ferromag-
net heterostructures — eDANIEL FRITSCH and JAMES F. ANNETT
— H. H. Wills Physics Laboratory, University of Bristol, Tyndall
Avenue, Bristol BS8 1TL, United Kingdom

At the interface between a superconductor and a ferromagnetic metal
spin-singlet Cooper pairs can penetrate into the ferromagnetic part
of the heterostructure with an oscillating and decaying spin-singlet
Cooper pair density. However, if the interface allows for a spin-mixing
effect, equal-spin spin-triplet Cooper pairs can be generated that can
penetrate much further into the ferromagnetic part of the heterostruc-
ture, known as the long-range proximity effect [1]. Here, we present
results of spin-mixing based on self-consistent solutions of the micro-
scopic Bogoliubov-de Gennes equations incorporating a tight-binding
model. In particular, we include a conical magnet into our model het-
erostructure to generate the spin-triplet Cooper pairs and analyse the
influence of conical and ferromagnetic layer thickness on the unequal-
spin and equal-spin spin-triplet pairing correlations. It will be shown
that, in agreement with experimental observations, a minimum thick-
ness of the conical magnet is necessary to generate a sufficient amount
of equal-spin spin-triplet Cooper pairs allowing for the long-range prox-
imity effect [2].

[1] J. W. A. Robinson, J. D. S. Witt, and M. G. Blamire, Science 329,
59 (2010).

[2] D. Fritsch and J. F. Annett, arXiv:1311.3278 (2013).
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TT 34.5 Tue 12:30 HSZ 201
Multiply gapped density of states in a chaotic normal metal
in contact with superconductors — eJOHANNES REUTLINGER!,
WOLFGANG BELzIG!, YuLl NazArRovZ, and LEONID GLAZMAN3 —
LUniversity of Konstanz, Department of Physics, 78457 Konstanz,
Germany — 2Kavli Institute of Nanoscience Delft, Delft University
of Technology, 2628 CJ Delft, Netherlands — 3Department of Physics,
Yale University, New Haven CT 06511-8499, USA

The spectral properties of a normal metal adjacent to a superconductor
are strongly dependent on the characteristic mesoscopic energy scale
- the Thouless energy Eryp - and the strength of the connection. We
predict that the local density of states (LDOS), besides the well known
minigap ~ ETy,, can exhibit a multiple gap structure. For ballistic con-
tacts we calculate these secondary gaps analytically in the framework
of the quantum circuit theory of mesoscopic transport. For a cavity
coupled to two superconductors with phase difference ¢ the secondary
gap ~ A3/E%h for Erp > A with maximum width at ¢ = 0 disap-
pears at a critical phase £A/Ery. The existence of a critical ratio
Ery, /A calls for a reconsideration of the level statistics in chaotic An-
dreev dynamics, which has previously only been addressed thoroughly
for By, < A. For generic contacts, like diffusive connectors or dirty
interfaces no gap exists, but the density of states is still suppressed
around A. Analytical calculations relate the secondary gap to the
transmission eigenvalue distribution at small transmissions.

(1] J. Reutlinger, L. Glazman, Yu.
arXiv:1308.2529 (2013)

V. Nazarov, W. Belzig,

TT 34.6 Tue 12:45 HSZ 201
Measuring local magnetic fields in superconductors via
XMCD — oCLAUDIA STAHL!, STEPHEN RU0OSs!+2, PATRICK AUDEHM!,
MARKUS WEIGAND!, GISELA ScHUTZ!, and JOACHIM ALBRECHT? —
I Max-Planck-Institut fiir Intelligente Systeme, HeisenbergstraBe 3,
70569 Stuttgart, Germany — 2Aalen University, Beethovenstrafie 1,
73430 Aalen

We use soft ferromagnetic thin films in order to map the magnetic
flux line distribution in superconductors. For that purpose amorphous
CoFeB is directly deposited on top of high-T. superconducting YBCO
structures. The magnetic stray fields of supercurrents lead to a local
reorientation of the magnetic moments in the ferromagnet.

Using polarized x-rays it is possible to measure the local magne-
tization via the XMCD effect. With XMCD spectroscopy we find a
temperature-dependent signal in the CoFeB layer which can be at-
tributed to the currents flowing in the superconductor. This signal
can be additionally measured with high spatial resolution paving the
way to x-ray microscopy of magnetic structures in superconductors.
The measurements are carried out at our scanning x-ray microscope
MAXYMUS and our own dedicated reflectometry endstation at Bessy
IT of the HZB in Berlin.

TT 35: Correlated Electrons: Quantum-Critical Phenomena - Experiment |

Time: Tuesday 9:30-13:00

TT 35.1 Tue 9:30 HSZ 204
Optical non-Fermi-liquid behavior in CeColns — eMARC
SCHEFFLER!, UwE S. PracHT!, MARTIN DRESSEL!, MASAAKI
SHIMOZAWA2, RyoTA ENDOZ2, TAKAHITO TERASHIMA3, TAKASADA
SuiBAaucHI?, and YUJ1 MATSUDAZ — 1. Physikalisches Institut, Uni-
versitiat Stuttgart, Stuttgart, Germany — 2Department of Physics,
Kyoto University, Kyoto, Japan — 3Research Center for Low Temper-
ature and Materials Science, Kyoto University, Kyoto, Japan

The non-Fermi-liquid metallic state of the heavy-fermion super-
conductor CeColng is interpreted as a consequence of a nearby
quantum-critical point. Spectroscopic studies of quantum-critical
heavy fermions have yielded valuable information, but are experimen-
tally challenging. This also holds for optical techniques: the required
low energies, both in temperature and frequency, are hard to reach.
We overcome these difficulties by combining high-quality thin films of
CeColns with THz transmission spectroscopy. We cover frequencies
0.2-1.1 THz at temperatures down to 3 K, i.e. matching energy scales.

The THz spectra of CeColns indicate metallic behavior with un-
conventional features. Upon cooling, the transport relaxation rate de-
creases through our frequency window, but we never find a simple
Drude response. Instead, at low temperatures we observe a strongly
frequency-dependent relaxation rate which is clearly inconsistent with
Fermi-liquid predictions and which we attribute to electronic correla-
tions in this non-Fermi-liquid phase. We further address the frequency-
and temperature-dependent effective mass, and we discuss possible
scaling behavior in the quantum-critical regime.

TT 35.2 Tue 9:45 HSZ 204
Exploring new LuT2In compounds: Evidence for a struc-
tural quantum critical point — eTHOMAS GRUNER, DONGJIN JANG,
RAuL CARDOSO, MANUEL BRANDO, GERHARD FECHER, and CHRISTOPH
GEIBEL — MPI CPfS, 01187 Dresden, Germany

Finding novel compounds with unconventional properties is one of
the most appealing tasks in modern solid state physics. We recently
studied the compounds LuPt2In and LuPdsIn and discover that they
present an exceptional opportunity for studying a structural quantum
critical point (QCP). Up to now QCPs have been intensively studied
in magnetic systems, while structural QCPs are rather scarce.

We synthesized both compounds to study their structural and elec-
tronic properties. We found that at high temperatures both com-
pounds crystalize in the simple cubic Heusler structure. While
LuPdz2In retains this structure down to lowest 7', in LuPt2In suscep-
tibility x(T), resistivity p(T") and T-dependent powder XR diffraction
evidence a charge density wave type transition at about 450 K to a yet
undetermined low T structure. The T' dependence of the anomalies in

Location: HSZ 204

x(T) and p(T) indicate a 279 order type transition. Substituting Pd
for Pt in Lu(Pt1_5Pds)2In results in a continuous decrease of Tirans,
indicating a structural QCP at zqcp ~ 0.55. Most interestingly we
observed bulk superconductivity in the whole alloy series, with a clear
maximum in the SC transition temperature at rqcp. Furthermore
we found that the phonon contribution to the specific heat at low T
also presents a clear maximum at zqcp, suggesting critical phonon
softening. These results provide new insight into structural QCPs.

TT 35.3 Tue 10:00 HSZ 204
The Spin-1/2 XXZ Chain System CsyCoCly in a Transverse
Magnetic Field — eOLIVER BrReUNIG!, MARKUS GARST2, ERAN
SELAZ3, BENJAMIN BULDMANN?, PETRA BECKER?, RALF MULLER!,
and THOMAS LorRENZ! — 11I. Physikalisches Institut, Universitit zu
Ko6ln — 2Institut fiir Theoretische Physik, Universitit zu Kéln —
3Raymond and Beverly Sackler School of Physics and Astronomy, Tel-
Aviv University — *Institut fiir Kristallographie, Universitét zu Koln

Cs2CoCly consists of CoCly tetrahedra that form chains along the crys-
tallographic b axis. Due to a strong single-ion anisotropy the Co?*
orbital S=3/2 ground state is split into two Kramers doublets. Thus,
at low temperatures a description of the lower doublet in terms of an
effective spin-1/2 with an additional easy-plane anisotropy arises. By
comparing measurements of specific heat and thermal expansion to
exact finite-size diagonalization, we show that CspCoCly at tempera-
tures below 2 K realizes the spin-1/2 XXZ chain in a transverse field
[1]. Our