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Probing the order parameter of the layered organic superconductor
k-„BEDT-TTF …2Cu†N„CN…2‡Br by ac susceptibility measurements
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S. Tomić, M. Prester, D. Drobac, and O. Milat
Institute of Physics, P.O. Box 304, HR-10000 Zagreb, Croatia

K. Maki
Department of Physics and Astronomy, University of Southern California, Los Angeles, California 90089-0484

D. Schweitzer
3. Physikalisches Institut, Universita¨t Stuttgart, D-70550 Stuttgart, Germany

I. Heinen and W. Strunz
Anorganisch-chemiches Institut, Universita¨t Heidelberg, D-69120 Heidelberg, Germany

~Received 18 November 1998; revised manuscript received 26 October 1999!

ac susceptibility measurements are reported for single crystals of the layered organic superconductork-
(BEDT-TTF)2Cu@N(CN)2#Br. The value of the out-of-plane penetration depthlb(0) was found to be 133
mm, consistent with earlier results. The temperature dependence of the in-plane superfluid density, with the
value of in-plane componentlac(0) of the order of 1mm, is strongly linear inT, whereas the out-of-plane
superfluid density varies asT2 at low temperatures. The observed behavior is fully consistent with the one
expected ford-wave superconductivity.
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The organic superconductors containing BEDT-TTF~ab-
breviated ET! planes are layered materials with anisotrop
physical properties. Thek phases, i.e.,k-(ET)2X (X is a
polymerized anion! are materials in which orthogonall
aligned ET dimers form two-dimensional~2D! conducting
layers sandwiched between the polymerized anion lay
One of the points of interest in the study of layered orga
superconductors is the possibility that the superconduc
state is something other than the conventionals-wave BCS
pairing state. This idea partially arises from the similar
which exists between these organic superconductors
high-TC cuprates in which the establishment ofd-wave su-
perconductivity is widely accepted and considered as
most important fact in the understanding of unconventio
superconductors.1,2 In addition to the similar crystallographi
~2D or layered! structure, the superconducting state in bo
materials is situated in the proximity to an antiferromagne
phase, revealing the dominance of the Coulomb interacti
Indeed, the following experiments, in our opinion, give cr
cial guiding lines in favor of an unconventional superco
ductivity with nodes in the gap in thek-(ET)2X supercon-
ductors.13C NMR measurements by Mayaffreet al. showed
that the spin-lattice relaxation rate follows aT3 dependence
at very low temperatures. This result together with t
Knight shift provided firm evidence for a spin singlet pairin
with nodes in the gap.3 The low-temperature specific he
measured by Nakazawa and Kanoda4 showed a power-law
behavior cs(T)}T2 also consistent with nodes in the ga
structure. The third one is the experiment by Belinet al.5

which showed that the thermal conductivity varies linea
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with temperature atT!TC . Furthermore, the existence of
peak in the out-of-plane magnetoresistence6,7 has been inter-
preted as evidence against thes-wave symmetry of the orde
parameter.8

The measurement of the magnetic penetration depthl(T)
is a useful probe of the energy-gap morphology at the Fe
surface and of the superfluid electrodynamics. Various te
niques have been employed to determine the value ofl(0)
and its temperature dependencel(T) for k-(ET)2X super-
conductors and disparate results have been obtained.
proximately, a half of the performed studies of the tempe
ture dependence ofl gave evidence for non-s-wave pairing,
usually in the form of aT and/orT2 behavior forl(T) at low
temperatures,9–12 while the other half showed the expone
tial dependence expected fors-wave pairing.13–15 Conse-
quently, the experimental situation regarding the tempera
dependence of the superfluid density ink-(ET)2X supercon-
ductors is presently unclear and rather controversial.16 On
the other hand, some of recent theories suggestdxy supercon-
ductivity in k-(ET)2X.17–19

The layered organic superconductork-(BEDT-
TTF)2Cu@N(CN)2#Br @abbreviatedk-(ET)2Br] possesses
the highest known critical temperature at ambient press
among the anisotropic organic superconductors. In this pa
we report the temperature dependence of the in-plane,lac ,
and out-of-plane,lb , magnetic penetration depth, as well
the zero temperature value of the latter, for single crystals
k-(BEDT2TTF)2Cu@N(CN)2#Br using the ac susceptibility
technique. We have chosen this technique since it is a di
7033 ©2000 The American Physical Society
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method which enables to determinel(T) by detecting the
diamagnetism of the single crystals. We find characteri
low-temperature dependences proportional toT for the in-
plane superfluid density andT2 for the out-of-plane super
fluid density, which are consistent withd symmetry of the
order parameter if a cylindrical Fermi surface is taken in
account.

Measurements of the complex ac susceptibility (x5x8
1 ix9) were performed using an ac susceptometer~AcSuS/
Sistemprojekt, Zagreb! in the broad temperature range b
tween 1.5 K andTC , with the ac field applied either perpen
dicular or parallel to the crystal ac plane. Measurements w
performed forHac514 mOe atf 5231 Hz. The temperature
of the sample was swept slowly~0.5 K/min typically! with
the sample positioned in the upper one of the two ident
pickup coils immersed in the liquid helium bath. In order
probe the sample in the Meissner state care was take
reduce the amplitude of the ac field (Hac) until the compo-
nentx8(T) was independent ofHac (Hac,42 mOe! and the
x9(T) component was negligible. No frequency depende
~13 Hz, f ,2 kHz! was observed forHac,1 Oe. In addition
no influence of Earth’s field was observed: runs perform
with a compensated Earth field gave the same results. Th
in accordance with the fact that the valuesHC1(T) corrected
for demagnetization for allT,10 K ~Ref. 20! are far above
Earth’s fieldHE . Namely, the value of Earth’s field dete
mined in our laboratory isHE'360 mOe.21 The calibration
of the system was performed only in the field geometryHaci
plane with a piece of niobium foil whose volume and ratio
the characteristic dimensions were close to those of
sample. Following this procedure the demagnetizing eff
was taken into account.

Measurements have been performed on four crystals f
two different batches, rhombic platelets with large faces
tween 0.44 and 1 mm2 and between 0.25 and 0.35 mm alo
the bW axis. Two samples studied in the most detail exhibi
qualitatively the same behavior. Here we present data
tained on one high-quality single crystal 0.5430.9030.33
mm3. Crystallographic orientation of one crystal was det
mined by taking one oscillation x-ray diffraction~XRD! pat-
tern ~Ni-filtered CuKa; Weissenberg camera! and the corre-
sponding zeroth layer-line Weissenberg pattern around thaW

axis. ThisaW 5@100# axis is revealed to be parallel to the lin
bisecting the sharp angle (65°) of the lozenge-sha
sample, while thecW5@001# axis runs parallel to the line
bisecting the obtuse angle (115°). ThebW 5@010# axis is
aligned perpendicular to the largest facet of the crystal.

x(T) data taken at 231 Hz and atHac514 mOe are
shown in Fig. 1. The onset of superconductivity is observ
to be at 12.4 K and 11.2 K forHac' plane andHaci plane,
respectively. The observed difference inTC is somewhat sur-
prising, since no similar result has been reported so far
order to eliminate spurious influences we have verified,
performing test experiments on the piece of niobium f
used for calibration, that no thermal gradient larger than 0
K exists along the sample holder. Therefore, the obser
difference inTC is not an experimental artifact. In addition
the second single crystal studied in the most detail has sh
a smaller difference in onset temperatures of 0.8 K; nev
theless, essentially the same results for eitherlb(0) or low-
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temperature dependences of the in-plane and the out-of-p
superfluid density have been obtained. The latter shows
the observed difference inTC does not have an influence o
the obtained final results reported in this paper. Since
very subject of onset temperatures is not the main topic
this paper, we will address this subject in our forthcomi
publication. Coming back to Fig. 1, note an anisotropy in t
ac response forHac parallel and perpendicular to the a
planes. For the formerx8(T) decreases rather slowly, whil
for the latterx8(T) falls sharply belowTC corresponding to
screening currents flowing mostly in the ac plane. In ad
tion, note that forHaci plane and forHac' plane x8(T)
obeys a power-law behaviorx8(T)}Ta with the exponent
a52 and a51 below about 5 K, respectively. While th
anisotropy inx8 is clearly related to the anisotropy inl, it is
not clear that it can entirely be attributed to the anisotropy
the superfluid density over the whole temperature range.

First we analyze the low-T behavior forHaci plane. In
that case circulating supercurrents flow within the ac pla
and also across them. For the crystal in Fig. 1~width
D@001#50.54 mm andD@100#50.90 mm, thicknessb
50.33 mm!, the former can be neglected since the condit
lb /lac@D/b is easily satisfied by all estimates of the a
isotropy, obtained by different techniques.16,22,23lb andlac
are the penetration depths associated with interlayer curr
and intralayer currents, respectively. Then we can use
formula for a thin superconducting plate in a parallel field

11x85
2l

D
tanhS D

2l D ~1!

to get lb . D is the sample width in the direction of fiel
penetration. ForHaci @100# and for Haci@001# D is the
sample width in the@001# direction and in the@100# direc-
tion, respectively. The fact that thex8 response of our
sample is different forHaci@100# and for Haci@001# con-
firms that the field penetration along theD direction, and not
the one along theb direction which is associated withlac ,

FIG. 1. Real and imaginary parts of the complex susceptibi
in an ac field of 14 mOe parallel to the crystal ac plane (Haci@100#
andHaci@001#) and perpendicular to the ac plane (Haci@010#).
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dominates the susceptibility of the sample. Moreover,
point out that the results obtained for both field orientatio
are mutually consistent. In what follows we show and a
lyze data for the field orientation in the@100# direction as the
ratio D/b is smaller than for the@001# case.

The temperature dependence oflb is shown in Fig. 2. The
temperature dependence oflb is well described by theT2

law at temperatures below about 5 K, i.e., (T/TC)2,0.2 ~see
inset of Fig. 2!. The solid line corresponds to the calculat
fit to the T2 behavior in the temperature range 1.6 K,T
,5 K:

lb5kS T

TC
D 2

1l0 . ~2!

We getk55864 mm andl05lb(0)5132.960.5 mm. The
latter value is in very good accordance with values for
out-of-plane penetration depth given in the literature.16 Note
that initial ~low T) increase inx8 is related to the increase i
lb by 11x852l/D @Eq. ~1! for l!D], so that the qua-
dratic T term is the leading term which describes the te
perature dependence of bothx8 andlb .

It is useful to construct the quantity@lb(0)/lb(T)#2 to
get information on the temperature dependence of the ou
plane superfluid densityrs,out and on the symmetry of the
superconducting state:

rs,out5S lb~0!

lb~T! D
2

. ~3!

The out-of-plane superfluid densityrs,out as a function of
reduced temperaturet5T/TC is displayed in Fig. 3. Note
that the leading term which describes the low tempera
behavior of the out-of-plane superfluid densityrs,out is the
T2 term ~see inset of Fig. 3!.

In the perpendicular direction of the field, it is much mo
difficult to obtain the absolute value of the penetration dep
lac . Namely, a large demagnetization factor for this orie
tation is very sensitive to the sample’s geometry and can
be evaluated accurately enough. Therefore, we adopt the

FIG. 2. Penetration depth as a function of reduced tempera
for Haci@100#. Inset: lb plotted versus (T/TC)2 in the low-
temperature region 1.6 K,T,5 K.
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lowing approach to extract@lac(0)/lac(T)#2 in order to get
the temperature dependence of the in-plane superfluid
sity. We follow the method of Kanodaet al.9 and determine
the deviation oflac from the minimum value at the lowes
attainable temperatureTmin51.6 K:

lac~T!2lac~1.6 K!5RF12S x8~T!

x8~1.6 K!
D 1/3G , ~4!

with R5(A/p)1/2 whereA is the area of the sample’s larg
face. The results thus obtained fromx8 are plotted in Fig. 4.

re

FIG. 3. Out-of-plane superfluid densityrs,out as a function of
reduced temperature. The solid line is a fit to the theory~see Text!.
Inset:rs,out plotted vs (T/TC)2 in the temperature range 1.6 K,T
,5 K.

FIG. 4. Change of the penetration depth with respect to
minimum value as a function of reduced temperature
Haci@010#. Inset: lac2lac(1.6 K! in the low-temperature region
1.6 K,T,5 K is clearly linear in temperature with a slope of 3
mm.
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Below about 5 K, there is a clear linear term with slope 3
mm ~see inset of Fig. 4.!.

The observed temperature dependence oflac(T), when
combined with the value oflac~0! in the widely accepted
range 0.5mm,lac(0),3 mm, gives

rs,in5S lac~0!

lac~T! D
2

, ~5!

which behaves linearly withT at low temperatures a
expected ford-wave superconductivity.24 The temperature
dependence of the in-plane superfluid density for thed-wave
superconducting order parameteruD(kW )u5D f with f
5sin(2w), where w is the angle between the quasipartic
momentumkW and the aW axis, within the weak coupling
theory is given by24

rs,in~ t !512
1

2
~bD!E

0

`

ReK x

Ax22 f 2L sech2S 1

2
bDxDdx

'122~ ln 2!~bD!212
9

4
z~3!~bD!23

'120.6478t20.276t3. ~6!

x5E/D, where E is the quasiparticle energy,^ & means
average overw ~over the Fermi surface!, and b5T21.

Here we used 2ebDx(11ebDx)225 1
2 sech2( 1

2 bDx) and
Rê x/Ax22 f 2&5(2/p)xK(x) for x<1, whereK(x) is the
complete elliptic integral. In the last step we used the we
coupling result for thed-wave order parameter atT50 K,
D(0)52.14TC . On the other hand, the out-of-plane sup
fluid density is given by

rs,out~ t !5
p

2

D

D~0! K f tanhS 1

2
bD D L

'S 12
p2

6
~bD!222

7p4

120
~bD!24D

3S 12
3

2
z~3!~bD!23D

'120.3592t2. ~7!

Here 123z(3)(bD)23 comes fromD/D(0). Also, we have
assumed thatrs,out(t) is due to the Josephson tunneling b
tween layers and used the expression for the Josephson
rent obtained by Ambegaokar and Baratoff,25 properly gen-
eralized ford-wave superconductors. We would like to poi
out that, to our knowledge, this is the first time that th
model is used to calculaters,out(t) in d-wave superconduct
ors, although the Josephson tunneling between layer
high-TC cuprates has been established experimentally.26 The
related Josephson plasmons have been observed bo
high-TC cuprates27 and in k-(BEDT-TTF)2Cu(NCS)2 or-
ganic superconductor.28 The latter authors have estimated t
out-of-plane penetration depthlout(0)5120 mm which is
very close to the value we found in thek-(BEDT-
TTF)2Cu@N(CN)2#Br system.

In what follows we address the issue of calculati
rs,out(t) for a particular layered compound in some deta
-

-

-
ur-

in

in

,

since there appears to be great confusion in the litera
about what are the appropriate starting assumptions in
calculation. Actually, there have been three different a
proaches to calculaters,out(t) in high-TC cuprates in the
literature, depending on the relation between the in-pla
electron momentumkW and k8W across the barrier:~a! kW5k8W ,
the in-plane momentum is conserved,~b! kWÞk8W , the in-plane
momentum is completely randomized, and~c! kW uuk8W , only
direction, but not magnitude, of the in-plane momentum
conserved. We consider that neither case~a! nor ~b! can be
properly viewed as the tunneling model, since~a!, which
might be called the anisotropic 3D model, is the usual tig
binding model and~b!, which might be viewed as the limit
ing case of the tunneling model, is dominated by impur
scattering between the layers~the incoherent limit!. More-
over, these two approaches give the expressions diffe
from Ambegaokar-Baratoff model25 of Josephson tunneling

The simplest result ford-wave superconductors within th
approach~a! is given by Radtkeet al.29 As one expects this
model givesrs,out}t; that is, the same behavior as found f
rs,in(t) at low temperatures. Therefore, this model does
describe our present result. The model considered by Xi
and Wheatley30 is a more elaborate version of this approac
where they inserted an extrakW , k8W dependence in the scatte
ing matrix. Their model gives at5 dependence forrs,out(t),
which also does not describe our result. In the approach~b!,
kW and k8W are totally uncorrelated; i.e., only incoherent sc
tering processes are taken into account. The simplest ver
of this approach was elaborated by Grafet al.31 Their result
looks fine for s-wave superconductors, but givesrs,out50
for d-wave superconductors. Indeed, Hirschfeldet al.32 have
tried to save this unphysical situation by introducing, in o
opinion, a rather artificialw andw8 dependence in the sca
tering matrix and foundrs,out(t)}t3. Herew andw8 are the
angleskW and k8W make with theaW axis, respectively. In our
calculation the model~c! is used. We assumedw5w8, that
is, the specular transmission as mentioned in Ambegao
and Baratoff’s original paper, and more clearly characteriz
by Hirschfeld et al.32 Naturally, in this limit the tunneling
should be coherent, since we do not introduce the impu
scattering, and we obtain Eq.~7! as given above. We stres
that the model~c! is the only approach in which Josephso
coupling is present in unconventional superconductors
d-wave superconductors considered in this paper. Theref
the coherent tunneling or the specular transmission is
crucial assumption. It is rather gratifying that our model a
pears to describers,out(t) of both k-(ET)2X salts and high-
TC cuprates like YBCO and Tl-2201 as discussed later in
text.

The calculated fits to our experimental data according
theory are

rs,in~ t !5120.82t10.28t320.64t410.18t5, ~8!

rs,out~ t !5120.78t220.21t311.22t421.23t5, ~9!

where we assumedlac(0)55 mm. The result is shown in
Fig. 5. The linear term ofrs,in(t), indicated by a solid line,
has a slope of 0.82. In contrast, the behavior ofrs,out(t),
shown as a dashed line, is much flatter and aT2 term devel-
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ops at low temperatures. Note that the shapes of both cu
are qualitatively different from thes-wave BCS result. Ex-
pressions~8! and~9! are quite comparable with Eqs.~6! and
~7!. First, we note that the coefficient of thet2 term in ex-
pression~9! for the out-of-plane superconducting density
very close to the result found by Kanodaet al.9 for k-
(BEDT-TTF)2Cu(NCS)2 single crystals. Second, a chos
value oflac(0) would indicate that the electron density (nel)
should be smaller by a factor of 10 than in the samples m
sured by the other authors sincelac

22(0)}nel . On the other
hand, the valuelac(0)'1 mm also gives at-linear depen-
dence forrs,in(t), but with the coefficient of thet-linear term
much larger than expected theoretically in the weak-coup
model. The coefficient of the leadingt term in the expres-
sions of both in-plane and out-of-plane superconducting d
sities depends strongly on the ratio of the superconduc
transition temperature and the zero temperature super
ducting order parameter. A comparison of Eq.~8! with Eq.
~6!, and Eq.~9! with Eq. ~7!, suggests that the supercondu
ing order parameter at T50 K of k-(BEDT-
TTF)2Cu@N(CN)2#Br is somewhat smaller than that pr
dicted by the weak-coupling limit. Though this is somewh
surprising, a similar behavior has already been discussed
a realistic model.18 This might imply that the order paramete
may be more complicated than the simpledxy model pre-
dicts.

Therefore, the observed temperature dependences ofrs,in
andrs,out perfectly agree with the behavior expected in t
framework of thedxy model. TheT dependence ofrs,in at
low temperatures implies linear nodes at the Fermi surfa
These linear nodes also give rise to both theT3 dependence
of the spin-lattice relaxation rateT1

21 and theT2 dependence
of the specific heat at low temperatures consistent with
observation in the k-(BEDT-TTF)2Cu@N(CN)2#Br
superconductor.3,4 In addition, the thermal conductivity
within the ac plane should behave linearly inT for
T,TC ,33,34 as observed by Belinet al.5 The presence o
linear nodes inD(kW ) indicates that the order parameter in t
k-(ET)2X salts might be very similar to thed-wave order
parameter in high-TC cuprates. We recall that theT-linear

FIG. 5. In-plane superfluid densityrs,in ~solid line! and out-of-
plane superfluid densityrs,out ~dashed line! vs reduced temperature
rs,out is qualitatively different from the behavior seen in the
plane. Thes-wave BCS result~dotted line! is shown for compari-
son.
es
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dependence ofrs,in(t) in YBCO is one of the crucial experi
ments which indicatesd-wave superconductivity in high-TC

cuprates.35 Further, theT2 behavior in rs,out(t) has been
only recently also established experimentally in high-TC cu-
prate YBCO.36 In addition, rs,out(t) appears to displayT2

behavior also in the Tl-2201 system,37 consistent with our
theoretical model. On the other hand, theT linear depen-
dence ofrs,out(t) is observed in Bi2212,38 which is rather
puzzling.

Now, we address the possibility that the interlayer tunn
ing ~ILT ! model,39 suggested to explain the superconduct
ity in the high-TC cuprates, might also be a relevant theory
superconductivity in layered organic superconductors. T
basic assumption of the ILT model is that the transport
carriers between layers is incoherent in the normal st
while the coherent interlayer transport is allowed by Coo
pairs in the superconducting state. It is exactly the latter p
cess which creates superconductivity in contrast to the mo
we use in which superconductivity first arises by pairing c
relations within each layer. While the ILT model appears
explain well the superconductivity in La-214 cuprate hig
TC superconductors, the recent high-precision experime
determination of the out-of-plane penetration depth for H
1201 and Tl-2201 systems gave values oflout in disagree-
ment with l ILT predicted by the ILT model.40 As far ask-
(ET)2X superconductors are concerned, the ILT mode
less likely to be relevant as the mechanism of supercond
tivity for the following reasons. First, the experimental o
servation of de Haas–van Alphen oscillations,41 also pre-
dicted by band calculations,42 clearly shows that the norma
state is the traditional Fermi liquid state. Second, taking i
account the valuelout(0)5133mm, the Josephson couplin
energy appears to be 1000 times smaller than the conde
tion energy, which is at variance with the basic prediction
the ILT model. Moreover, this result impliesTC50.37 K
within the ILT model, which is 30 times lower than actual
observed (TC512 K!.

Finally, the standard model based on Coulomb domina
and/or antiparamagnon exchange givesdxy-wave supercon-
ductivity in k-(ET)2X salts.17–19 However, a startling resul
within the standard model is reported in Ref. 43. For e
ample, Fig. 3 in Ref. 43 shows that the superconductivity
not d wave, butg wave with extra nodal lines running alon
the diagonal directions, as well. It appears to us that
strange result it due to the wrong choice of the relative s
between two order parameters attached to two distinct Fe
surfaces. When this error is corrected, the result in Ref.
agrees with those in Refs. 17–19. In spite of this~sign! prob-
lem, Ref. 43 stressed correctly the importance of the in
band scattering in organic superconductors. Therefore,
conclude that most available approaches in the framewor
the standard model expectd-wave superconductivity ink-
(ET)2X salts.

In summary, we have established the linear tempera
dependence of the in-plane superfluid density and theT2

dependence of the out-of-plane superfluid density below
in a single crystal ofk-(BEDT-TTF)2Cu@N(CN)2#Br by us-
ing the ac susceptibility technique. The observed power la
are fully consistent with those expected in thed-wave model
of superconductivity in which the bulk superconducting st
is stabilized by the Josephson coherent tunneling betw
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the superconducting layers. This observation should fur
strengthen the possibility ofd-wave superconductivity ink-
(ET)2X materials. In this circumstance the phase sensi
experiments ink-(ET)2X salts, as the ones done in high-TC
cuprates,1 are highly desirable.
,

ica

,

t-

.

ev

t-
u-

.

ra

te

-

M.

ze
er

e

We would like to acknowledge K. Kanoda, T. Takahas
and J. R. Cooper for very useful discussions. We also th
K. Kadowaki for drawing our attention to Ref. 28. This wor
was partially supported by the Croatia-Germany bilate
collaboration project, No. KRO-020-95.
.B.
C

.

.

. B

g,

y,

.
.

,

ys.

S.

.

.

i,
ys.
1C.C. Tsuei and J.R. Kirtley, Physica C282-287, 4 ~1997!; D.J.
van Harlingen,ibid. 282-287, 128 ~1997!.

2K. Maki and H. Won, J. Phys. I6, 2317~1996!; K. Maki, Y. Sun,
and H. Won, Czech. J. Phys.46, suppl. S6, 3151~1996!.

3H. Mayaffre, P. Wzietek, D. Je´rome, C. Lenoir, and P. Batail
Phys. Rev. Lett.75, 4122~1995!.

4Y. Nagazawa and K. Kanoda, Phys. Rev. B55, R8670~1997!.
5S. Belin, K. Behnia, and A. Deluzet, Phys. Rev. Lett.81, 4728

~1998!.
6H. Ito, T. Ishiguro, T. Komatsu, G. Saito, and H. Anzai, Phys

B 201, 470 ~1994!; H. Ito, T. Ishiguro, T. Komatsu, N. Mat-
sukawa, G. Saito, and H. Anzai, J. Supercond.7, 667 ~1994!.

7M. Kartsovnik, G.Yu. Logvenov, K. Maki, and N.D. Kushch
Synth. Met.103, 1827~1999!.

8 H. Won and K. Maki, inSymmetry and Pairing in Superconduc
ors, edited by M. Ausloos and S. Kruchinin~Kluwer Academic,
Dordrecht, 1999!, pp. 3–10; K. Maki, E. Puchkaryov, and H
Won, Synth. Met.103, 1933~1994!.

9K. Kanoda, K. Akiba, K. Suzuki, and T. Takahashi, Phys. R
Lett. 65, 1271~1990!.

10K. Kanoda, Y. Tsubokura, K. Ikeda, T. Takahashi, N. Ma
sukawa, G. Saito, H. Mori, T. Mori, B. Hilti, and J.S. Zambo
nis, Synth. Met.55-57, 2865~1993!.

11D. Achkir, M. Poirier, C. Bourbonnais, G. Quirion, C. Lenoir, P
Batail, and D. Je´rome, Phys. Rev. B47, 11 595~1993!.

12L.P. Le, G.M. Luke, B.J. Sternlieb, W.D. Wu, and Y.J. Uemu
Phys. Rev. Lett.68, 1923~1992!.

13D.R. Harshman, R.N. Kleinman, R.C. Haddon, S.V. Chiches
Hicks, M.L. Kaplan, L.W. Rupp, T. Pfiz, D.Ll. Williams, and
D.B. Mitzi, Phys. Rev. Lett.64, 1293~1990!.

14M. Lang, N. Toyota, T. Sasaki, and H. Sato, Phys. Rev. Lett.69,
1443 ~1992!.

15M. Dressel, O. Klein, G. Gru¨ner, K.D. Carlson, H.H. Wang, and
J.M. Williams, Phys. Rev. B50, 13 603~1994!.

16M. Lang, Supercond. Rev.2, 1 ~1996!.
17V. Ivanov and K. Kanoda, Physica C268, 205 ~1996!.
18G. Visentini, A. Painelli, A. Girlando, and A. Fortunelli, Euro

phys. Lett.42, 467 ~1998!.
19R. Louati, A. Ben Ali, S. Charfi-Kaddour, R. Bennaceur, and
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