Wednesday

TT 25: Correlated Electrons: Quantum-Critical Phenomena 1

Time: Wednesday 9:30-12:45

TT 25.1 Wed 9:30 H 3010
Deconfined quantum criticality and logarithmic violations of
scaling — eFLavio NogUEIRA! and AsLe Subso? — lInstitut fiir
Theoretische Physik ITI, Ruhr-Universitat Bochum, Universitdtsstrafe
150, 44801 Bochum, Germany — 2Department of Physics, Norwegian
University of Science and Technology, N-7491 Trondheim, Norway

Recently logarithmic corrections to scaling were observed numerically
in the so called J — Q model. These violations of standard scaling were
seen in numerical measurements of the spin-stiffness at zero tempera-
ture and uniform susceptibility at finite temperature. This result led
to speculations that the deconfined quantum criticality scenario has to
be revised in order to explain this new feature. We use the CPV—1
representation to derive the leading contribution to the spin stiffness
at large N near the quantum critical point and show that it exhibits a
logarithmic correction to scaling. This result shows that such logarith-
mic violations of scaling are in fact predicted by deconfined quantum
criticality. Furthermore, the U(1) gauge symmetry plays a crucial role
here, since models without such local gauge symmetry do not exhibit
logarithmic violations of scaling in 2+1 dimensions.

TT 25.2 Wed 9:45 H 3010
Usadel equation approach to fluctuation conductivity in dis-
ordered superconductors — KoNsTANTIN TikHONOV! 2, eGEORG
ScuwieTE?, and ALEXANDER FINKELSTEIND? — ITexas A&M Univer-
sity, College Station, Texas, USA — 2Landau Institute for Theoretical
Physics, Moskow, Russia — 3Dahlem Center for Complex Quantum
Systems, Freie Universitét Berlin, Germany — 4The Weizmann Insti-
tute of Science, Rehovot, Israel

We study fluctuation corrections to the longitudinal and transverse
conductivities in disordered superconducting films. The calculation
covers a broad range of perpendicular magnetic fields and tempera-
tures, including the vicinity of the magnetic field-tuned quantum crit-
ical point. Our calculation scheme is based on the Usadel equation,
which we adjust to account for the fluctuating order parameter field.

TT 25.3 Wed 10:00 H 3010
Quantum dynamical crossover from coherent to incoher-
ent dynamics in a Sub-Ohmic independent Boson model —
ePETER NaLBACH and MicHAEL THORwWART — I. Institut fiir Theo-
retische Physik, Universitdt Hamburg, Jungiusstrae 9, 20355 Ham-
burg, Germany

The sub-Ohmic spin-boson model shows with increasing coupling to a
Sub-Ohmic bath a crossover from coherent to incoherent dynamics at
zero (and at low) temperatures. The same system shows a quantum
phase transition. However, in general both effects happen for differ-
ent coupling strength. In order to study the connection between the
dynamic crossover and the quantum phase transition we investigate
an asymmetric Sub-Ohmic spin boson model and focus on the limit
of vanishing tunneling. This results in a Sub-Ohmic independent Bo-
son model which is exactly solvable. For this, we calculate the time
evolution of the correlation function of the tunneling operators at zero
temperature which allows to study the coherence properties even in ab-
sence of a direct tunnel coupling. Thus, we can determine the crossover
coupling strength analytically. Most importantly, we compare it with
numerical findings in the symmetric Sub-Ohmic spin boson model.

TT 25.4 Wed 10:15 H 3010
Quantum criticality with multiple dynamics — eToB1as MENG,
Markus GAaRrsT, and AcHiM RoscH — Institut fiir Theoretische
Physik, Universitat zu Koln, Ziilpicher Str. 77, 50937 Koéln, Germany

Close to a quantum critical point, physical properties obey scaling laws
characterizing the nature of the quantum critical point and allowing
to conveniently interpret experiments. Conventional quantum critical
scaling however depends on the hypothesis that only a single time scale
diverges at the critical point, 7 ~ £*, where the correlation length &
becomes infinite. We analyze systems with multiple degrees of freedom
that have two distinct characteristic time scales. While in some cases,
the different dynamics influence each other only mildly, the interplay
of multiple dynamics can also generate new critical exponents and give
rise to unusual scaling laws.

TT 25.5 Wed 10:30 H 3010

Location: H 3010

Quantum criticality of the sub-ohmic spin-boson model —
eSTEFAN KirRcHNER!2, KEVIN INGERSENT?, and Qimiao S1* — Max
Planck Institute for the Physics of Complex Systems — 2Max Planck
Institute for Chemical Physics of Solids — 3Department of Physics,
University of Florida — 4Department of Physics & Astronomy, Rice
University

The sub-ohmic spin-boson model has a quantum critical point sepa-
rating a delocalized phase in which the impurity degree of freedom is
quenched and a boson-dominated localized phase that retains a two-
fold local-moment degree of freedom. Whether this quantum phase
transition is described by a ¢%-theory has recently received consider-
able attention. Here, we present an analysis of both the leading and
subleading terms in the temperature dependence of the inverse static
local spin susceptibility calculated using a numerical renormalization-
group method. This provides evidence that the quantum critical
point is interacting in cases where the quantum-to-classical mapping
would predict mean-field behavior. We attribute the violation of the
quantum-to-classical mapping to a Berry-phase term in a continuum
path-integral representation of the model.

TT 25.6 Wed 10:45 H 3010
Functional renormalization group approach to singular inter-
actions in 2D metals — eCasPErR DRUKIER, LORENZ BARTOSCH,
Avpo Isipori, and PETER KopPieTz — Universitdt Frankfurt, Frank-
furt am Main, Germany

Using functional renormalization group methods we study an effective
low-energy model describing the breakdown of Fermi-liquid behaviour
in two-dimensional metals when gapless fermions at the Fermi surface
are coupled by a fluctuating bosonic order parameter.

Using a field-theoretical approach, Metlitski and Sachdev [Phys.
Rev. B 82, 075127] have recently found that certain three-loop di-
agrams strongly modify the one-loop results, and that the conven-
tional 1/N expansion breaks down in this problem. We show that the
three-loop diagrams discovered by Metlitski and Sachdev are contained
in a rather simple truncation of the functional renormalization group
flow equations, containing only irreducible vertices with two and three
legs. An approximate solution of these flow equations yields explicit
expressions for the vertex corrections, and allows us to calculate the
scale-dependent anomalous dimension beyond one-loop level.

TT 25.7 Wed 11:00 H 3010
Tuning the spin dynamics of kagome systems — eoDIRK
WULFERDING!, PETER LEMMENs!, HIROYUKI YOsHIDAZ, Y OSHIHIKO
OxaMoTo3, and Zeny1 Hiror® — IPKM, TU-BS, Braunschweig, Ger-
many — 2NIMS, Tsukuba, Japan — 3ISSP, Tokyo, Japan

Kagome lattice systems are among the most promising candidates for
realizing a quantum spin liquid state. We compare the excitation spec-
tra of different kagome compounds and demonstrate that the ground
state properties depend critically on the underlying crystal structure.
Work supported by DFG, B-IGSM and NTH School for Contacts in
Nanosystems.

15 min. break.

TT 25.8 Wed 11:30 H 3010
Ferromagnetic quantum criticality in the new heavy-fermion
system YbNisPs — eMANUEL BRANDO, ALEXANDER STEPPKE,
STEFAN LAUsBERG, RoBERT KUECHLER, EpiT LENGYEL, Lucia
STEINKE, CORNELIUS KRELLNER, ROBERT BORTH, MICHAEL NICKLAS,
CurisToPH GEIBEL, and FRANK STEGLICH — Max-Planck-Institut
fiir Chemische Physik fester Stoffe Nothnitzer Str. 40, 01187 Dresden,
Germany

We present measurements of the ac-susceptibility, specific heat (C)
and thermal expansion («) on single crystals of the new quasi-one-
dimensional heavy-fermion system YbNigPs.

YbNiyPg is a Kondo-lattice system that orders ferromagnetically at
a very low temperature T, = 0.17 K [1]. Ferromagnetism can be
suppressed by arsenic substitution z on phosphorus site and a fer-
romagnetic (FM) quantum critical point (QCP) is approached at
x = 0.08.

We provide evidence that such a FM-QCP exists in
YbNig(Po.g2As0.08)2 by showing that (i) the magnetic transition
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remains ferromagnetic between = 0 and z = 0.08, (ii) no phase tran-
sition nor Fermi-liquid ground state down to 0.02 K can be observed
at z = 0.08, and finally (iii) the Griineisen ratio I' = «/C strongly
diverges [2] with decreasing temperature as T' ~ 703,

Part of this work has been supported by the DFG Research Unit 960
“Quantum Phase Transitions”.

[1] C. Krellner et al., New J. Phys. 13 (2011) 103014

[2] L. Zhu et al., Phys. Rev. Lett. 91 (2003) 066404

TT 25.9 Wed 11:45 H 3010
Pressure dependence of the topological Hall effect in MnSi —
eROBERT Ri1TZ, MARCO HALDER, CHRISTIAN FRANZ, MICHAEL WAG-
NER, ANDREAS BAUER, CHRISTOPH SCHNARR, and CHRISTIAN PFLEI-
DERER — Physik Department E21, Technische Universitdt Miinchen,
D-85748 Garching, Germany

The observation of a topological Hall signal in the A-phase of MnSi [1]
provides unambiguous, quantitative evidence of the non-trivial topol-
ogy of the skyrmion lattice first inferred from small angle neutron
scattering [2]. We report a comprehensive study of the pressure depen-
dence of the topological Hall signal in MnSi. We connect the behaviour
reported for the pressure range 6 to 12 kbar 3] with the properties at
ambient pressure and explore the importance of various aspects of the
experimental set up. Careful temperature and field dependent mea-
surements reveal that the topological Hall signal in MnSi increases
monotonically from 4 nQ2cm at ambient pressure and appears to limit
at a large intrinsic value of ~ 50 nQ2cm as the helimagnetic transition
temperature decreases.

[1] A. Neubauer et al., Phys. Rev. Lett. 102, 186602 (2010).

[2] S. Miihlbauer et al., Science, Vol 323, 915 (2009).

[3] M. Lee et al., Phys. Rev. Lett. 102, 186601 (2010).

TT 25.10 Wed 12:00 H 3010
Electron Spin Resonance of the Yb 4f-moment in
Yb(Rh;_;Co.)2Sia — THOMAS GRUNER, ®JORG SICHELSCHMIDT,
CuristoPH KLINGNER, CORNELIUS KRELLNER, CHRISTOPH (GEIBEL,
and FrRANK STEGLICH — Max Planck Institute for Chemical Physics
of Solids, 01187 Dresden

The evolution of spin dynamics from the quantum critical system
YbRhsSis to the stable trivalent Yb system YbCo2Sis was investigated
by Electron Spin Resonance (ESR) spectroscopy. While the Kondo
temperature changes by one order of magnitude all compositions of
the single crystalline series Yb(Rhi_;Coy)2Sia show well defined ESR
spectra with a clear Yb3t character for temperatures below ~ 20 K.
With increasing Co-content the ESR g-factor along the c-direction
strongly increases indicating a continuous change of the ground state
wave function and, thus, a continuous change of the crystal electric
field. The linewidth presents a complex dependence on the Co-content
and is discussed in terms of the Co-doping dependence of the Kondo
interaction, of the magnetic anisotropy and the influence of ferromag-
netic correlations between the 4f states. The results provide evidence
that for low Co-doping the Kondo interaction allows narrow ESR spec-
tra despite the presence of a large magnetic anisotropy whereas at high
Co-concentrations the linewidth is controlled by ferromagnetic corre-
lations. A pronounced broadening due to critical correlations at low
temperatures is only observed at the highest Co-content. This might

be related to the presence of incommensurate magnetic fluctuations.

TT 25.11 Wed 12:15 H 3010
Influence of charge carrier doping on the 7T*-Scale in
YbRh>Sis — eMaik-HENDRIK SCHUBERT, MANUEL MCHALWAT,
Evias BLUMENROTHER, H. S. JEEVAN, YosHl Tokiwa, and PHILIPP
GEGENWART — I. Physik. Institut, Georg-August Universitat Gottin-
gen, Friedrich-Hund Platz 1, 37077 Gottingen, Germany

YbRh2Sis is a prototype heavy-fermion metal which displays a mag-
netic field-induced antiferromagnetic (AF) quantum critical point
(QCP). It has attracted much attention due to an additional low-
energy scale T*(B) merging at the QCP, whose origin is controversially
discussed. Here, we report measurements of the electrical resistivity
p(T, B) on different single crystalline samples of charge-carrier doped
Yb(Rh1_4T4)2Si2 (T=Fe, Ni) at temperatures down to 15 mK and in
magnetic fields up to 7 T. The partial substitution of Rh by either Fe
or Ni introduces holes or electrons, respectively. The evolution of the
single-ion Kondo scale is similar as for isoelectronic Co substitution
and in accordance with the chemical pressure effect. However, while
chemical pressure has little influence on T*(B), we observe a drastic
reduction or increase of B*(T = 0) by Fe- or Ni-doping, respectively.
Most interestingly, B* (T = 0) is always pinned at the field-induced AF
QCP, in contrast to chemical pressure results. As AF order is com-
pletely suppressed by Fe-doping, a heavy Fermi liquid ground (without
T*(B) anomaly) is observed.

Work supported by the DFG through the research unit 960 (Quan-
tum phase transitions).

TT 25.12 Wed 12:30 H 3010
Electron spin resonance on YbRhsSis at mK temperatures
close to the quantum critical point — eMARC SCHEFFLER',
CoNraD Crauss!, MarTIN DrEsseL!, JOrG SicHELscHMIDT?, COR-
NELIUS KRELLNER?, CHRISTOPH GEIBEL?, and FRANK STEGLICHZ —
11. Physikalisches Institut, Universitdt Stuttgart, Germany — 2Max-

Planck-Institut fiir Chemische Physik fester Stoffe, Dresden, Germany

YbRh3Sis is a prototypical heavy-fermion material close to a quantum
critical point: the antiferromagnetic order can be suppressed by a small
external magnetic field of 60mT. Above this quantum critical point,
a broad region of the phase diagram displays signatures of quantum
criticality. Furthermore, a Landau Fermi-liquid regime is found for
magnetic fields higher than the quantum critical point. Previous elec-
tron spin resonance (ESR) measurements on YbRhoSiz demonstrated
that the ESR response of this Kondo lattice system is characterized by
the properties of local Yb moments. So far, ESR studies on YbRhgSia
were limited to temperatures above 500mK and could not access the
quantum critical regime close to the QCP nor the antiferromagnetic
phase.

Here we present ESR measurements on YbRh2Sis single crystals per-
formed in a dilution refrigerator down to temperatures below 100mK.
With ESR frequencies of a few GHz, we can cover temperature and
field regimes close to the quantum critical point. We present the tem-
perature and field dependences of the ESR parameters, in particular
the ESR g-factor, and discuss them in the context of recent theoretical
models.



