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Thermoacoustic effect in a Gifford-McMahon refrifgerator

Tetsushi Biwa, Shigeyuki Sunahara, Uichiro Mizutani

Department of Crystalline Materials Science, Nagoya University, Furo-cho, Chikusa-ku, Nagoya
464-8603, Japan

The heat exchange process between the working heilum gas and the regenerator materials in a
Gifford-McMahon refrigerator is examined from the viewpoint of thermoacoustic phenomena, by
measuring the cooling power as a function of the phase angle between pressure and displacement
oscillations of the gas. When the operating temperature is above 20K, the optimum phase angle
maximizing the cooling power is close to 90 degree, corresponding to that for the maximum
expansion work done by the oscillating piston. However, the optimum phase angle increases to
about 140 degree with decreasing temperature. This behavior can be attributed to the irreversible
heat exchange process due to the reduction in the thermal diffusivity of the helium gas.

23EP1

Non-contact Current Measurement System Using SQUID

Akikazu Odawaraa, Masanori Ikedaa, Toshimitsu Morookaa, Atsushi Nagataa,
Satoshi Nakayamaa, Kazuo Chinonea, Naoko Kasaib, Izumi Tsudab

aSeiko Instruments Inc., 563 Takatsuka-shinden, Matsudo-shi, Chiba 270-2222, Japan
b National Institute of Advanced Industrial Science and Technology, 1-1-1 Umezono, Tsukuba, Ibaraki
305-8568, Japan

We have developed a current measurement system using DC-SQUID for inspection of solar cell,
semiconductor device and etc. The system converts magnetic flux distribution into current dis-
tribution. The flowing current can be quantitatively obtained by the system. The DC-SQUID
is composed ofNb/AlOx/Nb junctions with high thermal reliability, and the pickup coil with
200 µm diameter. The spatial resolution is higher than 500µm, and the current resolution is
6.8 nA/Hz0.5. We applied the system to a solar cell, in order to examine the possibility of the
inspection.
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23EP3 Miniature Single-cycle Helium-4 Evaporation Cooler

David Agar, Jukka Pekola

Department of Physics, University of Jyvaskyla, P.O. Box 35 YFL, FIN40351 Jyvaskyla, Finland

The cooler is fabricated from ¡100¿ single crystal silicon that has been etched in a potassium
hydroxide solution, KOH. A layer of borosilicate glass is anodically bonded to an overlying
silicon nitride layer. The resulting enclosed cavity, 4He pot, is connected to a pumping line by
use of a 0.67 mm diameter, O.D., glass capillary which also serves to thermally isolate the pot
from the pumping connections. The planar pot has dimensions of 10 mm x 10 mm x 1.2 mm and
the capillary has a length 30 mm. The single-cycle cooler has a calculated cooling power of 0.8
mW at 4.2 K and the lowest reachable temperature is calculated to be 1.8 K. The cooling cycle
duration is estimated to be about 45 s. Experiments are currently in progress in order to measure
the cooling power and minimum temperature obtainable.

23EP4 Magnetic Entropy Change of a Rare Earth Garnet
(Dy0.5Gd0.5)3(Ga0.875Fe0.125)5O12

Koichi Matsumotoa, Takahiro Okanoa, Ayumi Matsuzakia, Koji Kamiyab,
Takenori Numazawab

aDepartment of Physics, Kanazawa University, Kanazawa, Ishikawa 920-1192, Japan
bTsukuba Magnet Laboratory, NIMS, Tsukuba, Ibaraki 305-0003, Japan

Rare earth garnet is frequently used as magnetic refrigerant in the temperature range from 2 K to
15 K. However, several Tesla magnetic field cannot give large Zeeman energy enough to obtain
full reduction of entropy above 10 K. Gadolinium iron garnet has large magnetic entropy change
in the high temperature region, because Fe ions enhance the internal field to rare earth ions.
In order to increase the entorpy change with small magnetic field, substitution of Dy for Gd is
expected to be useful because of larger g-facter of Dy than Gd. The magnetization of Dy-Gd iron
garnet was measured and the entorpy change was calculated.

23EP5 LT Peltier Cooler with Electric Field Effect Induced p- and n-arms

Vladimir Sandomirsky, Yehuda Schlesinger, Alexander Butenko

Department of Physics, Bar-Ilan University, Ramat-Gan 52900, Israel

In a recent paper [1] we presented the theory of an Electric-Field-Effect (EFE)induced increase
of the thermoelectric figure of meritM of a thin film (thickness less than the screening length)
thermoelectricTE plate in a capacitive structure. This can be applied to the case of a LT Peltier
cooler where thep- andn-arms areEFE induced. We analyze a construct of the form: thin film
TE (e.g. PbTe3)−buffer layer (e.g.BaF2)−dielectric layer (e.g.SrT iO3)−buffer layer−thin
film TE. UnderEFE, the positively chargedTE plate becomesp−type while the negatively
chargedTE plate becomesn−type semiconductor. We present estimates of the cooling power
at different temperatures for optimally chosen buffer and dielectric.
[1] V. Sandomirsky, A. V. Butenko, R. Levin and Y. Schlesinger, J. of Appl. Phys. 90, (2001)
2370-2379

2



Session 23EP Friday, August 23

Cluster Orbital for Granular Superconductivity of Underdoped Bi2212

Jiro Tanaka

Faculty of Science, Kanagawa University, Hiratsuka, 259-1293, Japan

Davis et al. [1] found a granular superconductivity (SC) in underdoped Bi2212. We have carried
out a quantum chemical calculation with model clusters of infinite layer crystals [2] in which the
dopants (vacant sites) are placed on particuar sites in the two regions, heavily and lightly doped.
The highest occupied molecular orbital (HOMO) of the heavily doped cluster is responsible for
appearance of SC. A characteristic of HOMO is discussed and the coupling of O 2pπ orbital with
Cu 3dx2−y2 orbital is shown to be most important.
[1] K.M Lang et al., Nature 415, 412 (2002).
[2] M. Takano et al., Physica C 176, 441 (1991).

23EP6

Local density of states for normal-superconducting proximity contact systems
with arbitrary concentration of impurities

Jun’ichiro Haraa, Yasushi Nagatob, Katsuhiko Nagaib

aDepartment of Physics, Yamaguchi University, Yamaguchi 753-8512, Japan
bFaculty of Integrated Arts and Science, Hiroshima University, Higashihiroshima 739-8521, Japan

The superconducting order in the normal layer induced by the proximity effect has considerable
influence on the local density of states of the normal layer. It has been found that, if the normal
metal forms a thin layer, a mini-gap in the density of states appears in the dirty limit. We there-
fore study the local density of states for normal-superconducting proximity contact systems with
arbitrary concentration of impurities by the quasi-classical Green’s function method. It is found
that the local density of states has a mini-gap in intermediate concentration of impurities as well
as in the dirty limit.

23EP7

Fulde-Ferrel-Larkin-Ovchinnikov phases

Christophe Mora, Roland Combescot

Laboratoire de Physique Statistique, Ecole Normale Supérieure, 24 rue Lhomond, 75231 Paris Cedex 05,
France

We have investigated the nature of the transition to the FFLO superfluid phases in homogeneous
fermionic systems. In the vicinity of the tricritical point, where FFLO phases begin to appear,
one can make an expansion of the free energy up to six order, both in the order parameter and
amplitude which are still small. Restricting ourselves to a particular subspace for the order
parameter, made of superposition of plane waves with same vector modulus (we call it the LO
subspace), we first obtain analytically the form of the order parameter which minimizes the
energy : we find acos(~q ·~r) form appearing in a first order transition. Moreover, going out of the
particular LO subspace, combining analytical and numerical studies, we show that the real order
parameter at the transition is very close to the simplecos(~q · ~r) form.

23EP8
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23EP9 Effect of inter-band nesting on superconductivity in stacked honeycomb lattices

Seiichiro Onaria, Kazuhiko Kurokib, Ryotaro Aritaa, Hideo Aokia

aDepartment of Physics, University of Tokyo, Hongo, Tokyo 113-0033, Japan
bDepartment of Applied Physics and Chemistry, University of Electro-Communications, Chofu, Tokyo
182-8585, Japan

In order to exemplify our idea that inter-band nesting can favor superconductivity arising from
electron repulsion in layered, non-Bravais lattices, we have looked into the two-band Hubbard
model on a stack of honeycomb lattices with the fluctuation exchange (FLEX) method. By
systematically varying the band filling and transfers, the inter-band nesting is indeed found to
give rise to gap functions that change sign across the bands with s or d intra-band symmetry.
Possible relevance to MgB2 and graphite intercalation compounds are also discussed.

23EP10 Spontaneous spin current near the interface between ferromagnets and
unconventional superconductors

Kazuhiro Kuboki, Hidenori Takahashi

Department of Physics, Kobe University, Kobe 657-8501, Japan

Proximity effect between a ferromagnet and a superconductor (SC) with broken time-reversal
symmetry (T ) is examined theoretically. For the latter we consider a chiral(px + ipy)-wave SC,
and adx2−y2-wave SC which can formT -breaking surface state, i.e.,(dx2−y2 + is)-state. The
Bogoliubov de Gennes equation which describes the spatial variations of the superconducting
order parameter and the magnetization is derived and solved numerically. It is found that a
spontaneous spin current flows along the interfaces between the(px + ipy)-wave superconductor
and the ferromagnet. On the contrary, in the case of a [110] interface of thedx2−y2-wave SC,
the surface state has a(d + px + py)-wave (or(dx2−y2 + is)-wave) symmetry, and thus no (only
charge) spontaneous current flows.

23EP11 Upper Critical Field and Field-Induced Superconductivity in Layered
Superconductors with Antiferromagnetic Subsystems

Hiroshi Shimahara

Department of Quantum Matter Science, ADSM, Hiroshima University

The upper critical field and a field-induced superconductivity (FISC) are examined in layered
superconductors with antiferromagnetic subsystems on the basis of a generalized Kondo lattice
model in parallel magnetic fields. The temperature dependence of the upper critical field is cal-
culated. The FISC occurs for strong Kondo coupling by the Jaccarino-Peter mechansim. The
experimental phase diagram ofλ-(BETS)2FeCl4 is semi-quantitatively reproduced by taking
into account the Fulde-Ferrell-Larkin-Ovchinnikov state with an order-parameter mixing effect.
On the other hand, for weak Kondo coupling, the upper critical field of the low field super-
conductivity is enhanced, while the FISC does not occur. In this case, very large areas of the
superconductivity are obtained in the temperature-field phase diagram.
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Kondo Effect in Superconductors in the Magnetic Field.

Atsushi Tsuruta, Akito Kobayashi, Tamifusa Matsuura, Yoshihiro Kuroda

Department of Physics, Nagoya University, Nagoya 464-8602

We investigate the magnetic-impurity effect in the superconductors in the magnetic field theoret-
ically. WhenTK ¿ TC0, there appear two transition temperaturesTC1 andTC2 aboveTK for
some region of the impurity concentrationnimp: i.e., with decreasing temperature a system first
becomes superconducting atTC1 and then becomes normal again atTC2. HereTK andTC0 de-
note the Kondo temperature and the transition temperature of a superconductor with no magnetic
impurities, respectively. We show the magnetic field, the pair-breaking parameter,TK andnimp

dependence ofTC1 andTC2.

23EP12

Superconductivity in Orbitally Degenerate System

Tetsuya Takimotoa, Takashi Hottaa, Kazuo Uedab

aAdvanced Science Research Center, JAERI, Tokai, Ibaraki 319-1195, Japan
bISSP, University of Tokyo, 5-1-5 Kashiwa-no-ha, Kashiwa, Chiba 277-8581, Japan

Recently, the orbital degree of freedom attracts much attention since rich physics is expected
with coupling it with the spin degree of freedom in orbitally degenerate system. Especially, it is
considered that the superconducting transition in orbitally degenerate region is one of the most
interesting phenomena. We discuss the mechanism of superconductivity in the orbitally degen-
erate system with using RPA and FLEX approximation where later is useful to study dynamical
properties of spin and orbital fluctuations.

23EP13

Doppler shift of zero energy Andreev bound state

Y. Tanakaa, Y. Tanumab, K. Kurokic, S. Kashiwayad

aDepartment of Applied Physics, Nagoya University, Nagoya 464-8063, Japan
bGraduate School of Natural Science and Technology, Okayama University, Okayama, 700-8530, Japan
cDepartment of Applied Physics and Chemistry, The University of Electro-Communications, Chofu,
Tokyo 182-858, Japan
dNational Institute of Advanced Industrial Science and Technology, Tsukuba, 305-8568, Japan

Doppler shift of zero energy Andreev bound state is studied in detail for p-wave superconductor
junction extending our previous theory. Due to the parity of thep-wave pair pteotnial, the mag-
nitude of Doppler shift is quite small as compared to that ofd-wave. Tuuneling spectroscopy in
the presence of magnetic field become a key experiment to distinguish the parity of the Cooper
pair.
[1]Y. Tanaka, et al, J. Phys. Soc. Jpn. Vol. 71 271 2002.

23EP14
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23EP15 Tail states in superconductors with magnetic impurities

I. Vekhtera, I. A. Gruzbergb, A. V. Shytovc, A. V. Balatskya

aLos Alamos National Laboratory, Los Alamos, NM 87545, USA
bDepartment of Physics, MIT, Cambridge, MA 02139, USA
cITP, University of California, Santa Barbara, CA 93106, USA

We analyse the density of states in an s-wave superconductor with magnetic impurities. By com-
bining the method of optimal fluctuation with a self-consistent treatment of the local suppression
of the superconducting order parameter, we demonstrate how rare fluctuations of magnetic im-
purity potential and local concentration create localized states below the mean-field gap at arbi-
trarily low energies for any impurity concentration. We explore the nature and the properties of
these low energy “tail” states for different models of impurity potential.

23EP16 Shot noise in normal metal/dx2−y2 superconductor junctions

Tomas L̈ofwandera, Mikael Fogelstr̈omb, James A. Saulsa

aDepartment of Physics and Astronomy, Northwestern University, Evanston, IL 60208, USA
bInstitute of Theoretical Physics, Chalmers University of Technology and Göteborg University, S-412 96
Göteborg, Sweden

We calculate the shot noise in a voltage biased junction between ad-wave superconductor and
a normal metal. In the clean limit the shot noise is suppressed to zero near zero voltage be-
cause of resonant Andreev reflection through zero-energy bound states. We report calculations
of the effects of impurity scattering and screening currents, which modify Andreev reflection and
enhance the shot noise.

23EP17 Plastic flow of periodic structures

Tomoaki Nogawa, Hiroshi Matsukawa

Department of Physics, Osaka University, 1-16 Machikaneyama Toyonaka, Osaka 560-0043, Japan

Collective transport of macroscopic condensed objects in quenched random media, such as
a driven vortex lattice and CDW, has attracted much attention. An elastic manifold model has
been well studied, which treats these systems as elastically deformable objects obeying to clas-
sical dynamics (e.g. Fukuyama-Lee-Rice model for CDW). There are some experimental facts,
however, that it cannot explain. We have numerically investigated a simple model which allows
plastic deformation such as ”phase slip” and reflects a periodicity of the systems. The model is
equivalent to a random-field XY model with torque.

We find that as a driving force grows, a moving state changes from a plastic flow which consists
of spatially nonuniform dc current to a uniform elastic flow. The transition shows hysteresis and
switching. A growth of a (quasi) long range order of phases is also observed.
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Quantum transport in disordered normal metal/ unconventional superconductor
junctions

H. Itoha, N. Kitaurab, N. Yoshidac, Y. Tanakab, J. Inoueb, S. Kashiwayad

aDepartment of Quantum Engineering, Nagoya University, Nagoya 464-8603, Japan
bDepartment of Applied Physics, Nagoya University, Nagoya 464-8603, Japan
cToyata Physical and Chemical Research Institute, Nagakute 480-1192, Japan
dNational Institute of Advanced Industrial Science and Technology, Tsukuba 305-0045, Japan

Effect of randomness on the electrical transport in junctions with a superconductor is studied
in numerical simulations. It is shown that, in metallic diffusive regime, the electrical resistance
of disordered normal metal / unconventional (p-wave and d-wave) superconductor junctions is
quite different from that of junctions with s-wave superconductor due to the anisotropy and the
internal phase in the superconducting order parameter. Transport properties in weak localization
regime are also discussed.

23EP18

Local magnetic moments in vortex cores and around nonmagnetic impurities in
two-dimensionalt-J model

Masao Ogataa, Hiroki Tsuchiurab

aDepartment of Physics, University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113-0033, Japan
bCREST, Japan Science and Technology Corporation, Nagoya 464-8603, Japan

Local antiferromagnetic moments in the vortex cores of high-Tc superconductors are studied
using the two-dimensionalt-J model. It is found that the doping dependence is important and
the local moment develops only near half-filling. We find that the absence of the large resonance
peak in the local density of states reported in the scanning tunneling spectroscopy (STS) is due
to the smallness of the core size. Theoretical predictions about the vortex charge and the effects
of the antiferromagnetism on NMR relaxation rate are also discussed. The similar phenomena
around nonmagnetic impurities are compared with the vortex case. Doping dependences and the
effect of local charge around the impurities are clarified.

23EP19

π Phase Magnetism in Ferromagnetic Metal/Superconductor Superlattices

Mansur Khusainova, Yuri Izyumovb, Yurii Proshinc

aMax-Planck-Institut fur Physik komplexer Systeme, D-01187 Dresden, Germany
bInstitute of Metal Physics, 620170 Ekaterinburg, Russia
cKazan State University, 420008 Kazan, Russia

For the ferromagnetic metal/superconductor (FM/S) superlattices, new 0π andππ Fulde-Ferrell-
Larkin-Ovchinnikov (FFLO) states with antiferromagnetic ordering of the FM layers magneti-
zations are found. If the S layer thicknessds is less than the threshold valuedπ

s , these FFLO
states have a higher critical temperatureTc than the earlier known ferromagnetic states00 and
π0. Therefore, the knownTc oscillations origin atds < dπ

s is due to the 0π-ππ-0π phase tran-
sitions cascade, whereas atds > dπ

s it is ralated to the sequence of transitions 00-π0-00. New
type of logical device combining the advantages of the superconducting and magnetic recording
channels in one sample is offered.

23EP20
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23EP21 New varieties of order parameter symmetry in quasi-one-dimensional
superconductors

Yuki Fuseya, Yoshifumi Onishi, Hiroshi Kohno, Kazumasa Miyake

Department of Physical Science, Graduate School of Engineering Science, Osaka University, Toyonaka,
Osaka 560-8531, Japan

The symmetries of the superconducting order parameter in quasi-one-dimensional systems are
investigated by the renormalization-group method in a model characterized by backward scatter-
ing g1 and forward scatteringg2. Various types of pairing can be realized for different sets of
(g1, g2). In the case ofg2 > g1 > 0, for example, the order parameter both for singlet and for
triplet has node just on the Fermi surface. The transition temperature for singletT s

c and that for
triplet T t

c are almost degenerate, thoughT s
c is a little higher. This implies thatT t

c becomes higher
thanT s

c under moderately large Zeeman magnetic field. This feature seems to explain anomalous
properties of (TMTSF)2PF6.

23EP22 Theory of Resistive Behaviors in Vortex States Induced by Strong Quantum
Fluctuation in Type II Superconductors

Ryusuke Ikeda

Department of Physics, Kyoto University, Kyoto 606-8502, Japan

On the basis of our recent theory1 on phenomena suggesting the field-tuned superconductor-
insulator transition, resistivity data in nonzero fields in thin superconducting films, underdoped
highTc cuprates, and organic superconductors are examined in details.

1H. Ishida and R. Ikeda, J. Phys. Soc. Jpn. 71, 254 (2002)

23EP23 Quasi-Particles in the Mixed State of d-Wave Superconductors

Tomio Koyama

Institute for Materials Research, Tohoku University, Katahira 2-1-1, Sendai 980-8577, Japan

We investigate the extended quasi-particle states in the mixed state of d-wave superconductors on
the basis of the Bogoliubov-de Gennes equation. We prove that the quaisi-particle eigen-states
can be classified in terms of new topological quantum numbers in the presence of vortices. The
quantum numbers are related to the homotopy class of the orbits of the quasi-particles in the
multi-connected systems. On the basis of this observation the phase of the order parameter is
carefully eliminated in the Bogoliubov-de Gennes equation. We solve numerically this trans-
formed equation in the d-wave case. It is shown that the quasi-particle eigen-states reveal the
crossover behavior from gapless to gapped states as the flux-density increases. In the strong field
region quantum oscillations appear in the excitation energy of the quasi-particles, which leads to
the de Haas-van Alphen effect.
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Polaronic features in the Su-Schrieffer-Heeger model

Marco Zoli

Istituto Nazionale Fisica della Materia, Universitá di Camerino, Italy

Polaronic features have been envisaged in several classes of complex materials [1], most notably
in High Tc Superconductors, CMR compounds and conducting polymers. We attack the Su-
Schrieffer-Heeger model by a diagrammatic perturbative method and study i) effective mass
and ii) electron spectral function versus the adiabatic parameter. When zone boundary phonons
energetically compete with band electrons we observe a sizeable mass enhancement and a spread
of the spectral weight associated with an increased relevance of multiphonons contributions at
larger e-ph couplings. Accordingly an onset of polaron formation is favoured, particularly in two
dimensions. A comparison with the Holstein model is presented. The pertinence of both models
for some systems is discussed. [1] M.Zoli, Phys.Rev.B61, 14523 (2000); ibid.63, 174301
(2001)

23EP24

Quasi-Particle density of states of disorderedd-wave superconductors

Bodo Huckesteina, Alexander Altlandb

aInstitut für theoretische Physik III, Ruhr-Universität Bochum, D-44780 Bochum, Germany
bInstitut für theoretische Physik, Universität zu K̈oln, D-50937 K̈oln, Germany

We present a numerical study of the quasi-particle density of states (DoS) of two-dimensional
d-wave superconductors in the presence of disorder. We find qualitatively different behavior for
smooth and short-ranged disorder. In the former case, we find power law scaling of the DoS with
an exponent depending on the strength of the disorder and the superconducting order parameter
in quantitative agreement with the theory of Nersesyanet al. (Phys. Rev. Lett.72, 2628 (1994)).
For strong disorder, a qualitative change to an energy independent DoS occurs. In contrast, for
short-ranged disorder of sufficient strength, we find localization and derive the dependence of the
localization length on the disorder strength from the system size dependence of the micro gap in
the DoS near zero energy.

23EP25

Quasiclassical Theory of Superconducting Multi-Layers

Thomas L̈ucka, Ulrich Eckerna, Andrei Shelankovb

aInstitute of Physics, University of Augsburg, 86135 Augsburg, Germany
bDepartment of Theoretical Physics, Umeå University, 901 87 Ume̊a, Sweden

We use the theory of quasiclassical Green’s functions to treat multi-layer systems containing su-
perconductors and normal metals as well as magnetic materials. The interfaces are taken into
account by Zaitsev’s boundary conditions for ideal scattering [A.V. Zaitsev, Sov. Phys. JETP59,
1015 (1984)]. We apply a recently developed technique [A. Shelankov and M. Ozana, Phys. Rev.
B 61, 7077 (2000)] to study systems with several interfaces of arbitrary transmission. In our ap-
proach impurities are also considered which enables us to study the clean case as well as the dirty
limit; superconducting order parameters of arbitrary symmetry can be included self-consistently.
In particular we examine the influence of magnetism (induced by magnetic materials in the multi-
layer system) on the superconducting behaviour.

23EP26
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23EP27 Anisotropy of Upper Critical Field for High Temperature Superconductors

Hiroaki Matueda, Lui Sakai, Kenji Takanaka

Department of Applied Physics, Tohoku University, Sendai, 980-8579, Japan

The anisotropy of highTc superconductors arises both from the coupling constant and the Fermi
surface in the Ginzburg-Landau framework. The anisotropy of the former is expressed bydx2−y2

symmetry. The shapes of the Fermi surface of highTc superconductors are various and depend
on materials and doping ratio. In this paper, we study the anisotropy of the upper critical field in
thea− b plane withdx2−y2 symmetry and with typical shapes of the Fermi surface.

23EP28 Charge Fluctuation in the CuO Double Chains of PrBa2Cu4O8

Y. Ohtaa, R. Amasakib, Y. Shibatab

aDepartment of Physics, Chiba University, Chiba 263-8522, Japan
bGraduate School of Science and Technology, Chiba University, Chiba 263-8522, Japan

We calculate the optical conductivity of the CuO double chains of PrBa2Cu4O8 by the mean-field
approximation for the coupled two-chain Hubbard model around quarter filling. We show that
the∼40 meV peak structure, spectral shape, and small Drude weight observed in experiment
are reproduced well by the present calculation provided that the stripe-type charge ordering is
present. We argue that the observed anomalous optical response may be due to the presence of
stripe-type fluctuations of charge carriers in the CuO double chains; the fast time scale of the
optical measurement should enable one to detect slowly fluctuating order parameters as virtually
a long-range order.

23EP29 Bound State of Holes and Interchain Electron-Lattice Interaction in the Two
Chains with the Interchain Alternate Interactions

Akiomi Mishima

Faculty of Engineering, Kanazawa Institute of Technology, Nonoichi, Ishikawa 921-8501, Japan

The two chains with the interchain alternate interactions are proposed to research the organic
superconductors1,2 with spin gaps. The binding energy of two holes,EB, has been computed by
using a mean-field approximation and periodic boundary conditions. TheEB with negative val-
ues increases linearly as the interchain electron-lattice interaction increases. Two holes between
two chains form the bound state with the spin singlet. It turns out that the increase of the inter-
chain electron-lattice interaction does not more stabilise the bound state of two holes between
two chains.

1J.H. Scḧon, Ch. Kloc and B. Batlogg, Nature 406, 702(2000) .
2A. Mishima and M. Kimura, Synth. Met. 11, 75(1985).
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Impurities of Arbitrary Range and Strength in d-Wave Superconductors

Kurt Scharnberg, Carsten T. Rieck, Simon Scheffler

I. Institut für Theoretische Physik, Universität Hamburg, Jungiusstr. 9, 20355 Hamburg, Germany

The selfconsistent T-matrix approximation (SCTMA) for an alloy model of defects, described
by scattering potentials of arbitrary range, is used to calculate quasiparticle lifetime effects as
well as the order parameter renormalization in 2Dd-wave superconductors. We also consider
the case of coexisting strong and weak scatterers. First application is to the density of states
and the temperature dependent gap structure as seen in ARPES. The study has been motivated
by measurements of the microwave conductivity at low temperatures of extremely high quality
samples of YBCO, the results of which do not really fit into the widely acceptedd-wave picture.
Poorly screened defects outside the CuO2-planes could be the cause of the discrepancy. Apart
from changing the single particle properties, the finite range of the defects affects the conductivity
through vertex corrections, which project out forward scattering.

23EP30

Triplet superconductivity in the repulsively interacting electron system on a
triangular lattice: a possibility of magnetic-field-induced superconductivity

Ryotaro Aritaa, Kazuhiko Kurokib, Hideo Aokia

aDept. of Physics, Univ. of Tokyo, Hongo Bunkyo-ku, Tokyo 113-0033, Japan.
bDept. of Applied Physics & Chemistry, Univ. of Electro-Commun., Chofu, Tokyo 182-8585, Japan.

A dilute, repulsive electron system on the triangular lattice has been theoretically shown by
Kuroki and Arita to have a strong tendency toward spin-triplet pairing, which is a combined effect
of strong ferromagnetic spin fluctuations and a disconnected Fermi surface. Here we propose that
a relatively small magnetic field can ensure the realization of the triplet superconductivity, which
is due to anisotropic ferromagnetic fluctuations and the coupling of longitudinal fluctuations with
the ferromagnetic spin wave. We have confirmed this for the Hubbard model with a quantum
Monte-Carlo study in combination with the dynamical cluster approximation, where the pairing
in the↑↑ channel is enhanced in magnetic fields.

23EP31

Quasiparticle spectrum in vortex state in nodal superconductors

H. Wona, K. Makib

aDepartment of Physics, Hallym University, Chunchon, 200-702, South Korea
bMax-Planck-Institute for the Physics of Complex Systems, Nöthnitzer Str.38, 01187 Dresden, Germany

The symmetry of superconductivity is the central issues in nodal superconductors. We have
shown the angular dependent thermal conductivity in the vortex state provides a new window
to look the superconducting order parameter∆(k). Here we shall review our work ond-wave,
f -wave ands + g wave superconductors. Making use of the angular dependent magnetothermal
conductivity Izawaet al. succeeded in identifying∆(k) in Sr2RuO4, CeCoIn5 and more recently
κ-(ET)2Cu(NCS)2.

23EP33
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23EP34 Influence of antiferromagnetic order on the surface barrier in layered
superconductor

Tomasz Krzysztón

Institute of Low Temperature and Structure Research, Polish Academy of Sciences, 50-950 Wrocław,
Poland.

Using the image method it is predicted that creation of spin-flop domain in the Josephson vortices
in layered antiferromagnetic superconductor alters surface energy barrier making flux entrance
as a two-stage process. BelowHen2 - a second critical field for flux penetration, the flux enters a
sample in the form of the well-known Josephson vortices, whereas above this field in the form of
Josephson vortices possesing magnetic domain structure. It is also predicted that magnetization
M as a function of an applied fieldH should have a second negative slope. The surface energy
barrier for flux entry and exit as a function of applied field, for values higher thenHen2, is
calculated.

23EP35 Fulde-Ferrell-Larkin-Ovchinnikov State of d-wave superconductors

K. Makia, H. Wonb

aMax-Planck-Institute for the Physics of Complex Systems, Nöthnitzer Str.38, 01187 Dresden, Germany
bDepartment of Physics, Hallym University, Chunchon, 200-702, South Korea

Recently a few works have been reported on Fulde-Ferrell-Larkin-Ovchinnikov(FFLO)state of
d-wave superconductors in layered compounds. In strong contrast to 3Ds-wave superconductors
where the stripe like state appears, the square lattice like state is formed ind-wave superconduc-
tors in quasi-2D system with a magnetic field parallel to the conducting plane. Indeed there
have been reported that FFLO state inκ-(ET)2 salts andλ-(BETS)2GaCl4, though they are not
conclusive. We review our recent works on this subject. We propose NMR, STM or transport
measurement will provide a definitive test for FFLO state.

23EP37 Interplay of Ferromagnetism and Superconductivity: Domain Structure

Edouard Sonin

Racah Institute of Physics, Hebrew University of Jerusalem, Givat Ram, Jerusalem 91904, Israel

In materials with coexistence of superconductivity and ferromagnetism the equilibrium domain
structure is absent in the Meissner state, but it does exist in the spontaneous vortex phase.
Metastable domain walls can exist even in the Meissner state. Observation of domain struc-
ture can be an effective method of studying ferromagnetism-superconductivity coexistence and
the phase diagram for these materials. Another example for interplay of ferromagnetism and
superconductivity is a superconductor-ferromagnet bilayer. Though in this case superconductiv-
ity and ferromagnetism are separated in space, they strongly interact via magnetic fields. In the
limit of the short London penetration depth the exact solution for the stripe domain structure in
the bilayer has been found using the method of complex variables. The superconducting layer
shrinks ferromagnetic domains, but not so drastically as was predicted recently.
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The Critical Temperature of a Ferromagnetic Superconductor.

B. J. Powell, James F. Annett, B. L. Györffy

H.H. Wills Physics Laboratory, University of Bristol, Tyndall Avenue, Bristol BS8 1TL, U.K.

We consider a Hubbard model with an attractive, nearest neighbour, effective pairwise interaction
potential in the presence of exchange splitting. We examine the temperature dependence of the
superconducting critical temperature in the state based on triplet pairing. The critical temperature
is found to increase in the presence of finite exchange splitting. We also examine the temperature
and field dependence of thermodynamic functions, including specific heat, magnetization and
spin only susceptibility. This will be used to interpret experiments performed on ZrZn2, which
has been discovered to superconduct in the ferromagnetic state.

23EP38

Magnetic relaxation in superconductors with rotating flux lines

Irina Babicha, Grigorii Mikitik a, Ernst Helmut Brandtb

aB. Verkin Institute for Low Temp. Physics & Engineering, Ukr. Acad. of Sci., Kharkov 61103, Ukraine
bMax-Planck-Institut f̈ur Metallforschung, D-70506 Stuttgart, Germany

Magnetic relaxation in a superconducting plate placed in an external magnetic field parallel to
its plane is analyzed in the following situation: The external field is switched on and then ro-
tated through some angle in the plane of the plate without changing its magnitude, and then its
magnitude and direction are kept fixed. Since the rotation causes flux-line cutting, the so-called
general critical state is established in the sample, characterized by two critical current densities
and two activation barriers. We investigate the relaxation of this state and obtain expressions for
the electric fields and for the relaxation rates of the magnetic field components and currents in
the plate. It is shown that by measuring the decay of magnetic flux one can find the effective
height of the activation barrier against flux-line cutting.

23EP39
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