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Multiband Superconductivity in the heavy fermion PrOs,Sb;,
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MEASSON?, JAcQUES FLouQUET?, KoicHI 1zawa®, Y. MATSUDAS®,
H. Sucawara?, and H. SaTo* — 'CRTBT-CNRS, 38042 Grenoble,
France — 2CEA-Grenoble, 38054 Grenoble, Fance — *ISSP, Chiba
277-8581, Japan — %Tokyo Metropolitan University, Tokyo 192-0397,
Japan

In our contribution we show that several experimental measurements
indicate that the superconducting phase of PrOs4Sb12 [1] involves quasi-
particles of different effective masses and different gap amplitudes, i.e. it
has a multiband character, like it is observed in the archetype of this class
of superconductors, MgB2 [3]. These evidences come a) from He2(T) cal-
culations (published in [5]) that reproduce the small positive curvature
at low fields, assuming the existence of two different electronic bands, b)
from Andreev-reflection measurements in Au-PrOs4Sb12 junctions and c)
from the low field dependence of thermal transport measurements in the
superconducting phase at very low temperatures (50mK). They are sup-
ported by dHvA measurements [6], which reveal a large spread of effective
masses on the different sheets of the Fermi surface of this strongly corre-
lated system. The discussion will include other experimental results which
were interpreted in terms of unconventional superconductivity [2],[4].

References :

[1] E. D. Bauer (2002) Phys. Rev. B 65 100506 [2] E. Chia (2003) PRL
91 247003 [3] F. Giubileo (2001) PRL 87 177008 [4] K. Izawa (2003)
PRL 90 117001 [5] M.-A. Measson (2004) Phys. Rev. B 70 064516 [6] H.
Sugawara (2003) Acta Physica Polonica B 34 1125

TT 3.2 Fr 10:30 TU H3027

Competition between antiferromagnetism and superconductiv-
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We report on neutron scattering experiments on magnetically ordered
CeCuySiy single crystals exhibiting A- and A/S-phase anomalies. Below
Tx =~ 0.8 K antiferromagnetic order has been detected with a propaga-
tion vector 7 & (0.215 0.215 0.53) at 7" = 50mK. The magnetic or-
der is due to nesting of the Fermi surface as indicated by renormalized
band-structure calculations. The observation of incommensurate antifer-
romagnetic order as the nature of the A-phase in CeCusSis suggests that
a spin-density-wave instability is the origin of the quantum critical point
in CeCuySiy. Elastic high-resolution neutron scattering on both, A- and
A /S-type crystals, reveal the long-range nature of the antiferromagnetic
order in the A/S-crystal, but yield a considerable line broadening for
the A-type crystal pointing to a finite domain size or correlation length.
However, in energy scans no increased width of the magnetic peaks has
been detected. Extensive measurements, performed on the A/S-crystal
also in magnetic fields, show that in this crystal antiferromagnetism and
superconductivity seem to exclude each other on a microscopic scale.
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Tunneling spectroscopy on epitaxial superconducting UNi,Al;
thin films — eANDREY ZAKHAROV, MARTIN JOURDAN, and HER-
MANN ADRIAN — Johannes Gutenberg-Universitdt Mainz, Institut fiir
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Tunneling spectroscopy experiments on thin film planar junctions of
the heavy-fermion superconductor UNiyAlz were performed. Employing
an in vacuo process it was possible to prepare cross-junctions with a*-
axis oriented epitaxial thin films of UNiyAlz as a base electrode, artificial
insulating layer of AlO, as a barrier and a well-known superconducting
metal (Pb or In) as a counter electrode. The typical tunneling densities
of states of the superconducting counter electrodes including strong cou-
pling features were observed, proving the contacts to be in the tunneling
regime with an essentially pin-hole free barrier. In the normal magnet-
ically ordered state of the heavy-fermion compound a pseudogap was
observed. First result of direct probing the superconducting density of
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states of UNipAlz are presented.
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Drude Response of Heavy Fermions in UNiyAl; — eMARC
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The defining mass enhancement of the charge carriers in heavy-fermion
compounds goes hand in hand with an equivalent decrease of the charge
carrier relaxation rate. This relaxation rate can be identified from char-
acteristics in the frequency-dependent conductivity: a roll-off in the real
part 01(w) and a maximum in the imaginary part oz(w), two core pre-
dictions of the Drude model of metallic conduction.

Recently we succeeded with the first direct measurements of a Drude
response in heavy-fermion UPdyAls, revealing an extremely low relax-
ation rate in the GHz range. Now we present results on the related com-
pound UNipAl; in the same frequency (45 MHz to 20 GHz) and tem-
perature (1.65 K to 300 K) ranges. Again, at low temperatures we find
a Drude behavior at GHz frequencies. Thus we can directly observe the
relaxation rate as a function of temperature and use this to discuss the
charge carrier density.
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Kondo-ion electron spin resonance of isotope clean 174YbRh,Si,
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The heavy-fermion compound YbRh,Si, is located very close to a mag-
netic field induced quantum critical point. The unexpected observation
of electron spin resonance (ESR) of the Kondo-ion Yb** below the Kondo
temperature (Tx ~ 25 K) might be a direct verification of the localized
moment scenario of quantum criticality. We present the ESR of isotope
clean ™ YbRh,Si, which was prepared at the CEA Grenoble. Its T behav-
ior is very similar compared to that of YbRhySiy. Especially, for the ESR
linewidth an exponential behavior above T'~ 12 K and a progressive re-
duction by decreasing T down to the lowest accessible 7' = 1.7 K could be
confirmed in " YbRh,Sis. However, 1" YbRh,Si, shows a smaller residual
linewidth and a strongly reduced thermal line broadening in the whole
T region. Assuming a smaller disorder in ™YbRh,ySi, these observa-
tions further support our previous finding that introducing disorder in
YbRh,Si, by La- or Ge-doping causes a more effective Yb3* ESR relax-
ation. The question arises whether an ESR bottleneck effect could be
responsible for the extremely narrow linewidth.
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Magnetic structure vs. crystallographic disorder in single crys-
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We present a detailed investigation of the crystallographic structure,
lattice disorder and magnetic order of a single—crystal of the moder-
ately mass—enhanced U intermetallic UPt2Si,. Utilizing the bright con-
trast between U, Pt and Si in neutron scattering, we establish the lattice
symmetry to be P4/nmm (CaBeyGey-lattice). Moreover, the observa-
tion of an anomalously large thermal displacement factor Uy /Usp for the
Pt(2) and Si(2) sites at low temperatures indicates frozen—in disorder
on these sites. The material undergoes an antiferromagnetic transition
below Ty =32.1K, with ferromagnetically coupled a—b—planes and an
antiferromagnetic stacking along the c axis. In addition, as result of the
crystallographic disorder we observe magnetic clusters up to 7j,, =34 K.
The existence of the clusters explains the previously observed anoma-
lous antiferromagnetic domain pinning in the compound [1]. Moreover,
the disorder bears relevance to the electronic transport properties of the
compound, which are commonly metallic along the a axis, but disorder
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dominated in ¢ direction.
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Magnetic field-induced non-Fermi-liquid resistivity in YbAgGe
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Hexagonal YbAgGe has recently been recognised as a new heavy-
fermion (HF) system with T = 24 K, 7 of a few hundred mJ/molK? and
planar magnetic anisotropy xas/X. ~ 3 at low temperatures. Two mag-
netic transitions below 1 K can be fully suppressed with fields # < 10 T.
In going from low to higher H and 7', the H — T phase diagram down to
0.4 K shows a first-order transition from an antiferromagnetically ordered
phase to a second magnetically ordered phase and then a second-order
phase transition to a paramagnetic (field-polarised) phase. We have in-
vestigated YbAgGe for the first time down to 50 mK by measuring the
resistivity p of single crystals in fields up to 14 T. Our results extend the
H — T phase diagram to the lowest temperatures for H L ¢ and H || c.
Whereas at low H, p(T) reveals a temperature exponent n > 2, close to
and beyond the critical field of the second-order phase transition we find
1 < n < 1.5 and strong enhancement of the temperature dependence
of p(T), before Fermi-liquid behaviour is recovered above 10 T. Partic-
ularities in the appearance of the unconventional form of p(7") will be
discussed considering the HF nature and structural aspects of YbAgGe.
YbAgGe appears to be one of few Yb-based stoichiometric systems, where
quantum-critical behaviour may be induced by a magnetic field.
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Optical spectroscopy of the mixed valence semiconductor TmSe
— eMICHAEL DuMM!', BORIS GORSHUNOV!, DANIEL FALTERMEIER!,
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Among mixed-valence compounds TmSe has attracted particular in-
terest because of its unusual physical properties. For instance, beyond
unique magnetic properties this semiconductor shows no signs of acti-
vated behavior in the temperature dependence of the dc conductivity. We
investigated the dynamical conductivity of TmSe at 5 K <7 < 300 K
by employing infrared and quasi-optical Terahertz techniques in a broad
frequency range 10 ecm~! < v < 10000 cm~! covering all relevant energy
scales. At high temperatures, the optical spectra reveal signatures of a
two-component free-carrier response originating on the one hand from
light d-electrons and on the other hand from heavy f-electronic states
hybridized with the charge carriers in the conduction band. Going to-
wards lower temperatures, the heavy carrier response starts diminishing
and a gap-like feature builds up below 100 cm~!. On the basis of a de-
tailed analysis of our optical and dc data, we will discuss the origin of
the gap. Furthermore, we will compare the results obtained on TmSe to
those measured on other Kondo insulators like YbB1, and SmBg.
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Geometrical Frustration in Rare-Earth Face-Centered Cubic
Crystals — eVERONIKA FRrITSCH, JOE D. THOMPSON, and JOHN L.
SARRAO — Los Alamos National Laboratory, Los Alamos, New Mexico
87544, USA

In a 3-dimensional solid the simplest form of magnetic frustration is
spins on a tetrahedron with antiferromagnetic coupling. A face-centered
cubic (fec) lattice is a simple example of a network of edge-sharing tetra-
hedra; however, most fcc compounds exhibit well-defined magnetic or-
der, dominated by next-neighbor (nn) and next-nearest-neighbor (nnn)
interactions. To minimize the effects of nnn interactions and maximize
frustration, the network of edge-sharing tetrahedra has to be divided into
sub-networks of corner-sharing tetrahedra, as is realized in pyrochlore
and spinel structures. A further example of a fcc-lattice split in two
sub-networks of corner-sharing tetrahedra are the intermetallic ternaries
REInCuy (RE = heavy rare-earth). Here the rare-earth ions occupy a
fec-lattice, where half of the tetrahedra are filled with an In-ions and
the other half with a Cu-tetrahedron. The extent of frustration in these
systems is determined by the magnetic moment of the rare-earth ion and
second by their separation distance, which can be tuned with chemical
substitution, e.g. Ni for Cu. We present measurements of electrical resis-
tivity, magnetic susceptibility and specific heat on single crystals of the

title compounds with the trivalent rare-earth ions Gd, Dy, Ho and Er,
demonstrating geometrical frustration of their spin and orbital angular
momentum.
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Kondo-lattice type models at finite temperatures with exact
diagonalzation — eIviCA ZEREC, BURKHARD SCHMIDT, and PETER
THALMEIER — Max-Planck-Institut fiir Chemische Physik fester Stoffe,
Nothnitzer Str. 40, 01187 Dresden

The competition between the RKKY interaction and the Kondo screen-
ing in heavy fermion compounds is considered to be the origin of quantum
critical phase transitions. They are generically described by the Doniach
phase diagram, which was originally obtained from a simplified version of
the Kondo lattice model in one dimension - the Kondo necklace model.
We consider a similar model for the 2D systems, derived from the Kondo
lattice model neglecting charge degrees of freedom. We use the finite
temperature Lanczos method to numerically diagonalize the Hamiltonian
matrix for finite clusters and calculate thermodynamic and correlation
functions for various values of the coupling constants and the external
magnetic field. The results are used to construct the phase diagrams for
the finite clusters. These may provide some insight into the physics in
the neighborhood of a quantum critical point.
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Fluctuation conductivity of thin films and nanowires near a
parallel-field-tuned superconducting quantum phase transition
— eNAYANA SHAH!, ANDREI LOPATIN?, and VALERII VINOKUR? —
Hnstitut fiir Theoretische Physik, Universitit zu Koln, 50937 Koln, Ger-
many — 2Materials Science Division, Argonne National Laboratory, Ar-
gonne, Illinois 60439, USA

We calculate the fluctuation correction to the normal state conductiv-
ity in the vicinity of a quantum phase transition from a superconducting
to normal state, induced by applying a magnetic field parallel to a dirty
thin film or a nanowire with thickness smaller than the superconducting
coherence length. We find that at zero temperature, where the correction
comes purely from quantum fluctuations, the positive Aslamazov-Larkin
contribution, the negative density of states contribution, and the Maki-
Thompson interference contribution, are all of the same order and the
total correction is negative. Further we show that based on how the quan-
tum critical point is approached, there are three regimes that show differ-
ent temperature and field dependencies which should be experimentally
accessible.



