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TT 62: Superconductivity: Properties, Electronic Structure, Order Parameter

Time: Thursday 15:00-18:15

TT 62.1 Thu 15:00 HI19
Y;3Pt4Gejs: a superconductor with non-centrosymmetric
crystal structure — eRomaN GUMENIUK, MICHAEL NickLras, LEv
AKSELRUD, WALTER SCHNELLE, ULRICH SCHWARZ, ALEXANDER T'SIR-
LIN, ULRICH BURKHARDT, YURI GRIN, and ANDREAS LEITHE-JASPER
— Max Planck Institute for Chemical Physics of Solids, Dresden, Ger-
many

The intermetallic compound Y3Pt4Ge13 has been synthesized by high-
pressure and high-temperature technique (p = 8 GPa, T' = 1070
K). It crystalizes with non-centrosymmetric type-of-structure in the
monoclinic space group Ce (a = 12.8781(2) A, b = 12.8384(2) A, ¢
= 9.1080(1) A, B = 90.042(2)°, V = 1505.9(1) A3) and is stable in
the temperature range 4 K - 380 K. At 383 K structural phase tran-
sition for Y3Pt4Gejs was observed. Above the transition tempera-
ture, the crystal structure becomes rhombohedral (space group R3c,
a = 12.7423(1) A, ¢ = 15.6888(1) A, V = 2206.0(1) A3). The low-
temperature monoclinic modification of Y3Pt4Ge13 becomes super-
conducting below 7T, = 4.5K. Thermodynamic properties as well as
transport measurements were conducted down to 0.4 K. The upper
critical field poHeo is 3.8 T. The data are consistent with a single en-
ergy gap with s-wave symmetry for the superconducting phase.

TT 62.2 Thu 15:15 HI19
Superconducting properties of the filled skutterudite
LaPt;Ge;2 probed by thermal conductivity — eHEIKE Prau,
ULRIKE STOCKERT, ROMAN GUMENIUK, WALTER SCHNELLE, HELGE
RosNER, MicHAEL NickLAS, ANDREAS LEITHE-JASPER, YURI GRIN,
and FrRANK STEGLIcH — MPI for Chemical Physics of Solids, 01187
Dresden, Germany

Filled skutterudites have attracted much interest due to a remarkable
variety of physical properties and ground states. Particular interest
has been paid to the superconductors, which range from conventional
BCS over multiband to unconventional types.

In this contribution we present results on the filled skutterudite
LaPt4Ge12, which becomes superconducting below 7, = 8.3 K with
a critical field of HSQ = 1.6 T. While for its Pr-counterpart an uncon-
ventional and/or a multiband coupling mechanism is discussed, NMR
and photoemission measurements on the La-compound suggest con-
ventional s-wave superconductivity. However, results on the series
LagPri_,Pt4Ge;j2 indicate compatible order parameters for the two
stoichiometric end-compounds. As a complementary and very sensi-
tive probe of the order parameter, we performed temperature and field
dependent thermal conductivity measurements on LaPt4Gejs down to
temperatures below 100 mK. Our results do not show a typical s-wave
behaviour, but point towards a more complex gap structure, which will
be discussed in the context of previous results on both, LaPt4Gejs and
PrPt4Ge1s.

TT 62.3 Thu 15:30 H19

Direct observation of the superconducting gap in thin
films of titanium nitride using terahertz spectroscopy —

eUwWE SanTiaco PracHT!, MARC ScHEFFLER!, MARTIN DRESSEL!,

Tatvana BaTuriNa2, Davip KaLok®, and CHRISTOPH STRUNK® —
11. Physikalisches Institut, University of Stuttgart, Germany — 2A.
V. Rzhanov Institute of Semiconductor Physics SB RAS, Russia —
3Institute of Experimental and Applied Physics, University of Regens-

burg, Germany

Thin films of superconducting titantium nitride (TiN) have recently
gained attention for both applications (such as single-photon detectors)
and fundamental reseach (as model system for the superconductor-
insulator transition which is accompanied by uncommon superconduct-
ing properties). TiN has been studied comprehensively with (magneto-
)transport studies, but only little is known about it’s electrodynamical
properties.

We report on the charge carrier dynamics of TiN thin films with
critical temperatures of 3.4 K and below, which we study with THz
spectroscopy in the frequency range 90-510 GHz. Our analysis pro-
vides access to superconducting properties like the real and imaginary
parts of the complex conductivity, energy gap and penetration depth.
These findings as well as the normal-state properties strongly suggest
conventional weak-coupling BCS superconductivity [1].

[1] U. S. Pracht et al. Phys. Rev. B 86, 184503 (2012)

Location: H19

TT 62.4 Thu 15:45 HI19
Soft-mode enhanced superconductivity in the antiperovskite
APt3P, A=Sr, Ca, La — eRoLFr HEID and KLAUs-PETER BOHNEN
— Institut fiir Festkorperphysik, Karlsruher Institut fiir Technologie

The surprising discovery of superconductivity in iron pnictides initi-
ated an increased search for superconductivity in other unconventional
compounds. Recently, a new class of P-based antiperovskites was syn-
thesized, and superconductivity with a T. of 8.4 K was observed for
SrPt3P [1]. Specific heat measurements indicated a strong-coupling
scenario and the presence of low-energy phonon modes. Replacing Sr
by Ca or La resulted in lower 7¢’s and a progressive loss of strong-
coupling signatures.

Here we present results of a first principles study of lattice dynamics
and electron-phonon coupling properties of APtsP, A=Sr, Ca, La, with
full consideration of spin-orbit interaction. For SrPt3P, the coupling
is carried almost totally by a single low-frequency branch consisting of
planar Pt vibrations, which result in a coupling constant of A ~ 2. In
CaPt3P this mode stiffens significantly thereby reducing A\ to about
1, while in LaPtsP the coupling is further reduced to 0.5 because of a
shift of the electronic bands. In contrast to previous work [2,3], our ab
initio results provide a consistent quantitative description of the key
features of superconductivity in this new class of materials within the
framework of the strong-coupling Eliashberg theory.

[1] Takayama et al. PRL 108, 27001 (2012)
[2] Chen et al., PRB 86, 125116 (2012)
[3] Kang et al., arXiv:1207.6196

Topical Talk TT 62.5 Thu 16:00 H19
Condensation Energy of CeCu2Si> and Theoretical Implica-
tions — eSTEFAN KIRCHNER — Max Planck Institute, Dresden, Ger-
many

Unconventional superconductivity occurs in a broad range of strongly
correlated electron systems. These systems are not only of varying ef-
fective dimensionality but their parent compounds out of which super-
conductivity emerges ranges from metals to bad metals and Mott insu-
lators. The only unifying characteristic features seems that unconven-
tional superconductivity occurs in close vicinity of zero-temperature
instabilities which are most often magnetic in nature. Heavy fermion
compounds represent prototype systems to address the interplay be-
tween quantum criticality and unconventional superconductivity. In
CeCu2Si2, the magnetic quantum phase transition and superconduc-
tivity occur at ambient pressure which allows for a detailed study of
the energetics across the superconducting transition. Based on an in-
depth study of the magnetic excitation spectrum of CeCusSiz in the
normal and superconducting state we obtain a lower bound for the
change in exchange energy. The comparison with the superconducting
condensation energy demonstrates that the built-up of magnetic cor-
relations near the quantum critical point does drive superconductivity
in CeCu2Siz. In addition, our comparison establishes a huge kinetic
energy loss which we relate to the competition of Kondo screening and
superconductivity as the opening of the gap weakens the Kondo effect.
We discuss the relation between kinetic energy loss and the nature of
the underlying quantum critical point.

15 min. break

TT 62.6 Thu 16:45 H19
Magnetic and Superconducting Phases in RE-doped Chry-
sene — oFRANzISKA HAMMERATH, PIETRO CARRETTA, GIANLUCA
A. ArtioL1, and LorRENZO MarLAavast — University of Pavia - CNISM,
27100 Pavia, Italy

We present the first magnetic susceptibility, nuclear magnetic reso-
nance (NMR) and muon spin rotation (uSR) investigations of rare
earth (RE) doped Chrysene, (RE = Sm, Eu and La), a promising can-
didate for a new superconducting (SC) hydrocarbon material. The
magnetic susceptibility of pure Chrysene is only weakly temperature
dependent, its zero-field uSR measurements indicate a high fraction of
Muonium formation and its 'H-NMR spectra and relaxation rates are
determined by the dominant nuclear dipolar interactions. The NMR,
uSR and susceptibility measurements on the RE-doped compounds
show different behaviors, thus confirming the formation of REChry-
sene phases. Indications of superconductivity are present in La- and
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Sm-doped Chrysene with SC transition temperatures of 6 K and 4-
7K, respectively. While LaChrysene exhibits a rather high SC volume
fraction (= 30 %), the one of SmChrysene is always very small. The
pressure and magnetic field dependence of T, of LaChrysene is very
similar to the one of LaPhenanthrene [1], but has to be discussed in
the context of a possible spurious fcc La phase, which shows similar
SC properties. Such an effect can be excluded for SmChrysene. Sus-
ceptibility, NMR and puSR measurements on EuChrysene on the other
hand evidence the onset of a magnetic order involving Eu ions.

[1] X. F. Wang et al., J. Phys. Condens. Matter 24, 345701 (2012)

TT 62.7 Thu 17:00 H19
Imaging the Anisotropic Nonlinear Meissner Effect
in Unconventional Superconductors — ALEXANDER P.
ZuuravieL!, BEunoop G. Guawmsari?, CiHAN KURTER?, ePHILIPP
Juncg?, STeEPHEN REMILLARD?, JoHN ABRAHAMS?, ALEXANDER
LUKASHENKO?, ALEXEY V. Ustinov3, and STEVEN M. ANLAGEZ3
— IB. Verkin Institute for Low Temperature Physics and Engineering,
National Academy of Sciences of Ukraine, 61103 Kharkov, Ukraine —
2CNAM, Physics Department, University of Maryland, College Park,
ML 20742-4111, USA — 3Physikalisches Institut and DFG-Center for
Functional Nanostructures (CFN), Karlsruhe Institute of Technology,
76128 Karlsruhe, Germany — 4Physics Department, 27 Graves Place,
Hope College, Holland, MI 49422, USA

We present measurements on the anisotropic nonlinear Meissner effect
(aNLME). Using a laser scanning microscope we have directly imaged
this effect in a self-resonant spiral patterned from a thin film of the
d,~02_y2 superconductor YBaxCuzO7_s. The spiral is excited at one of
its resonant frequencies while a focused laser spot is scanned across its
surface. The local illumination by the laser gives rise to a detectable
change in the resonant properties. At low temperatures, the aNLME
causes a direction dependent contribution to the critical current den-
sity. This makes it possible to image the directions of nodes and anti-
nodes of the superconducting order parameter and the contribution
of Andreev bound states associated with them. These two contribu-
tions to the photoresponse can be distinguished by their temperature
dependence, which is consistent with theoretical predictions.

TT 62.8 Thu 17:15 H19
Effect of photo-induced hole doping on the Meissner screen-
ing in underdoped YBa;Cu3O;_; — eEvELYN STiLP!2, AN-
DREAS SUTER?, ELvEZIO MORENZONI?, THOMAS PROKSCHA?, ZAHER
SaLMaN?, Huco KELLER!, PaTrick PasLkE®?, RUuBEN HUHNE?,
Jorpan C. Bacro®, Ruixine Liang®, and Roserr F. KiErL? —
1Physik-Institut, University of Zurich, CH-8057 Zurich, Switzerland
— 2Laboratory for Muonspin Spectroscopy, PSI, CH-5232 Villigen
PSI, Switzerland — 3Inst. fiir Festkorperphysik,TU Dresden, D-
01069 Dresden, Germany — *IFW Dresden, D-01069 Dresden, Ger-
many — 5Department of Physics and Astronomy, University of British
Columbia, Vancouver, BC, Canada, V6T

For classical superconductors the interaction with light results in a re-
duction of the energy gap due to excess of quasiparticles. Surprisingly,
this is very different for cuprate superconductors where it was found
that illumination with light increases the charge carrier density. Sys-
tematic investigations in YBasCuzO7_ 5 showed that T¢ is increased by
this effect which is most pronounced at the heavily underdoped side of
the phase diagram. Up to now studies of photo-induced processes have
been restricted to investigations of transport properties and critical
temperatures. Using low energy uSR changes in the Meissner screen-
ing profile caused by illumination were directly investigated. We will
show that the photo-persistent effect in underdoped YBaoCu3zOr7_; is
related to an increase of the superfluid density close to the surface. We
are also able to show that the oxygen ordering is a crucial ingredient
of the photo-induced effect.

TT 62.9 Thu 17:30 H19
Is there a magnetic analogon of the isotope effect in HTSC?
— eDirk WULFERDING!, PETER LEMMENs!, GIL DRACHUCK2, MENI

SHAYZ, GALINA BazaLiTsky?2, RINAT OFER2, ZAHER SALMAN?, ALEX
AwmaT03, CHRISTOF NIEDERMAYERS, and AmiT KereEn? — IPKM,
TU-BS, Braunschweig — 2Technion, Haifa, Israel — 3PSI, Villigen,
Switzerland

The successful growth of large (CazLai—z)(Bai.75—zLag.25+2)CuzOy
(CLBLCO) allows now a systematic investigation of correlations be-
tween material properties and T¢. In particular, the parameter x varies
the magnetic super-exchange coupling J by controlling the Cu-O-Cu
buckling angle. Using Raman scattering (and pSR) we determine J
for a series of samples, and show that 7. monotonically increases with
increasing J. Our results are in contrast to recent Raman data (B. Mal-
lett, arXiv:1202.5078) showing the opposite behavior in other systems.
The origin of the contradiction will be discussed. Work supported by
DFG, GIF and the ESF.

TT 62.10 Thu 17:45 HI19
Gold nanocrystals in high-temperature superconducting
films: Creation of pinning patterns of choice — eCHRISTIAN

Karzer!, Craupia StanL?, PETER MICHALOWSKI!, SEBASTIAN

TREIBER?, GEORG CHRISTIANI®, FRANK ScEMIDL!, PAauL SEIDEL!,
GiseLA ScuUTz2, and JoacuiM ALBREcHT? — lInstitut fiir Festkor-
perphysik, Friedrich-Schiller-Universitit Jena, 07743 Jena — 2Max-
Planck-Institut fiir Intelligente Systeme, Heisenbergstrae 3, 70569
Stuttgart — 3Max-Planck-Institut fiir Festkorperforschung, Heisen-
bergstrafe 1, 70569 Stuttgart — “Hochschule Aalen, Beethovenstrafe
1, 73430 Aalen

Many superconducting thin film devices require a spatially resolved
current carrying capability due to different boundary conditions. On
the one hand, the critical current density and the pinning of flux lines
respectively should be high to reduce flux noise in the antenna regions
of gradiometers; on the other hand, the critical current density of the
Josephson junctions itself must not be too high to ensure a proper
functionality. We report that adding gold nanoparticles during the
preparation process of epitaxial YBagCu3zO7_; thin films offers the
possibility of creating spatially varying flux pinning properties, thus
allowing to locally enhance the critical current density up to a factor of
two. Magneto-optical investigations as well as transport measurements
will be presented, indicating that an Au particle induced modification
of the YBCO pinning properties allows the engineering of the critical
current landscape on the sub-micrometre scale.

TT 62.11 Thu 18:00 H19
Temperature dependence of band gaps in semiconductors:
electron-phonon interaction — eRriNHARD K. KrReEMER!, M.
Carponal, R. Lavck!, J. BuosaLe?, A. K. Rampas?, A. BURGER?,
A. MuRoz%, and A. H. RomEro® — IMPI for Solid State Re-
search, Stuttgart, Germany — 2Physics Dep., Purdue University, West
Lafayette, IN — 3Fisk University, Dep. of Life and Physical Sciences,
Nashville, TN, USA — *MALTA Consolider Team, Dep. de Fisica
Fundamental II, and Instituto de Materiales y Nanotecnologia, Uni-
versidad de La Laguna, La Laguna, Tenerife, Spain — SCINVESTAV,
Dep. de Materiales, Unidad Querétaro, Querétaro, Mexico and MPI
fir Mikrostrukturphysik, Weinberg 2, Halle, Germany

We investigate the temperature dependence of the energy gap of several
semiconductors with chalcopyrite structure and re-examine literature
data and analyze own high-resolution reflectivity spectra in view of
our new ab initio calculations of their phonon properties. This anal-
ysis leads us to distinguish between materials with d-electrons in the
valence band (e.g. CuGaSz, AgGaS2) and those without d-electrons
(e.g. ZnSnAsy). The former exhibit a rather peculiar non-monotonic
temperature dependence of the energy gap which, so far, has resisted
cogent theoretical description. We demonstrate it can well be fitted by
including two Bose-Einstein oscillators with weights of opposite sign
leading to an increase at low-T and a decrease at higher T’s. We find
that the energy of the former correlates well with characteristic peaks
in the phonon density of states associated with low-energy vibrations
of the d-electron constituents.



