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A model of the resistive state for mesoscopic superconductors has been proposed. It is considered that the
frequency of thermally induced discrete phase-slip events is equal to the rate of thermally driven fluctuations,
GT . After each phase slippage the nonequilibrium distribution of chemical potentials for pairsmp and quasi-
particlesmq relaxes on a time scaletQ* . The measured time-averaged voltage across the mesoscopic sample
with dimensions compared to a single phase-slip center is found to be proportional to the spatial difference of
the corresponding chemical potential (mp for superconducting probes andmq for normal probes! and should be
multiplied by the time averaging weight;tQ*GT . The resulting effective resistance ratio^R(T)&/Rnormal for
mesoscopic objects may be noticeably greater than unity sufficiently close to the critical temperature; it
displays a strong nonlinear dependence on the bias current and is greatly suppressed by an external magnetic
field.

I. INTRODUCTION

The dimensionality of a superconducting sample is deter-
mined by the relation of geometrical dimensions to the co-
herence lengthj. If external magnetic field or bias current is
applied, then the field penetration lengthl should be also
taken into consideration. As both quantities diverge at a criti-
cal temperatureTc , formally each sample of finite dimen-
sions could be considered as zero dimensional~0D! close
enough toTc . However, to study a conventional type-I su-
perconductor in a 1D mesoscopic regime@transverse dimen-
sions less than and length comparable toj(T)# in an experi-
mentally controllable range of temperatures one should take
a micrometer-length sample.

At the present moment contactless galvanomagnetic mea-
surements of a single mesoscopic sample lie beyond experi-
mental capabilities. The easiest way to study electronic trans-
port is the conventional four-probe method. However, one
should always keep in mind that on a mesoscopic scale quan-
tum interference plays an essential role. The existence of
electrodes may significantly change the properties of the
whole system ‘‘sample with electrodes’’ in comparison with
the solitary mesoscopic original.

It should be also emphasized that the properties of a su-
perconductor in a resistive state dramatically differ from
purely superconducting or normal conditions. It was found1,2

that for homogeneous steady-state injection of quasiparticles
the chemical potentials of pairsmp and quasiparticlesmq
differ from each other. The models describing the resistive
state of 1D superconductors induced by thermal
fluctuations3,4 or bias current5 involve the conception of
phase slippage which is a process of rapid oscillations of the
order parameterD within the locus of the ‘‘weak link.’’ For
pulselike pumping of nonequilibrium quasiparticles due to
discrete activation of phase-slip~PS! centers the actual val-
ues ofmp,q are determined by the temporal and spatial de-
pendences of corresponding relaxation processes. The behav-
ior of a PS center could be described by the model of a

simple transmission line, so that charge imbalance waves
may propagate in the 1D superconductor in analogy with
electrical signals that propagate down the transmission line.6

The corresponding decay lengthL depends on material
properties, temperature, and the frequency of PS ‘‘pump-
ing.’’

Recent experiments on mesoscopic Al samples7–10 have
revealed several anomalies of the resistive state of such small
objects. The resistive transition displays a ‘‘bump’’ on top of
theR(T) dependence. The amplitude of this bump is greatly
influenced by the value of the bias current and external mag-
netic field. The anomaly totally disappears for samples
longer than several micrometers.7

Here we present a model which describes the behavior of
a 1D mesoscopic sample in the resistive state. We consider
the nonequilibrium charge imbalance to be maintained by
thermally activated PS events. PSs are pumped with a fre-
quencyGT equal to the rate of thermally induced fluctuations
and relax on a time scaletQ* . We assume the mesoscopic
wire to be sufficiently short so that only one PS center at a
time could enter the sample. The time-averaged voltage
across the sample is considered to be proportional to the
difference of the instantaneous values ‘‘just after’’ the PS
event of corresponding chemical potentials@mp for super-
conducting (S) probes andmq for normal (N) probes

11# mul-
tiplied by the time-averaging ‘‘weight’’tQ*GT . The result-
ing effective resistance ratiôR&/Rnormal displays strong
nonlinear behavior on a bias current, is efficiently suppressed
by an external magnetic field, and is always smaller than
unity for samples longer than several zero-temperature co-
herence lengthsj0 ~Table I!.

II. THEORY

Let us consider a superconducting mesoscopic 1D wire
@Fig. 1~a!# in a resistive state close to the critical temperature
Tc . The destruction of superconductivity can be described
by the model of thermally induced fluctuations.3 Each ‘‘fluc-
tuation event’’ is nothing more than the PS which drives the
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system from one local minimum of the free energyFmin8 to
another one Fmin9 which differs by the phase value
w82w9562p of the complex order parameterD(w). It
was shown3,4 that the rate of thermal fluctuations,GT , at a
bias currentI is

GT~T,I !5V~T!expF2
DF0

kBT
2S 23D

1/2 I 2

3pI 1I c
GsinhS I

2I 1
D .
~1!

The prefactorV(T) is equal to

V~T!5
1

tGL

L

j~T! S DF0

kBT
D 1/2S 12

2I

3I c
D 15/4, ~2!

wheretGL5p\/8kB(Tc2T) is the characteristic gap relax-
ation time in the gapless limit.I c is the temperature-
dependent critical current.

The second and the third factors of Eq.~2! correspond to
the number of statistically independent subsystems and over-
lapping of their fluctuations, respectively. As we consider a
mesoscopic wire of lengthL;j(T), then only one PS center
could fit in the sample. Thus, hereafter we assume the second
and the third factors of Eq.~2! equal to unity.

The DF0 in the exponent of Eq.~1! is the free-energy
barrier between the neighboring saddle pointsFmin8 and
Fmin9 in the zero-current limit. In the original work3 it was
shown that

DF05
8A2
3

A~gN2gS!j~T!, ~3!

whereA is the sample cross section. The free energy advan-
tage per unit volume enjoyed by the superconducting state
relative to the normal state is

gN2gS5
Hc
2~T!

8p
. ~4!

However, in recent publications12,13 it was reported that for
best fitting to experimental results on small objects the ex-
pression~3! for the energy barrier should be multiplied by a
dimensionless factorg;0.05. The question of applicability
of the ‘‘bulk’’ equations~3! and ~4! to mesoscopic samples
lies beyond the scope of the present work and needs further
serious justification. Nevertheless, in the present work we
assume that Eqs.~3!, ~4! hold with g51. Note that very
small variations of the critical temperatureTc could compen-
sate the significant deviations ofg from unity.

The physical sense of the last term in Eq.~1! is the fact
that the supercurrentI breaks symmetry between the PS
w82w9562p, driving fluctuations in the current-reducing
direction. The characteristic threshold current is
I 15kBT/f0 , wheref0 is the superconducting flux quantum.
Thus, I 1 is a sample-independent quantity and is equal to
;25 nA which is not a small value for mesoscopic objects.
The current-dependent terms in the exponent of Eq.~1! and
Eq. ~2! play a significant role for ‘‘high’’ values of
I /I c(T);1. As the critical currentI c(T) tends to zero at
Tc , the mentioned current dependencies must be taken into
consideration for calculations close to the critical tempera-
ture. It should be emphasized that the basic assumption of
the theoretical model3 is the hypothesis that the nucleation of
resistivity in 1D superconductors is governed by very large
and improbable fluctuations whenDF0@kBT. Very close to
Tc both the energy barrierDF0 and the prefactorV(T) go to
zero and the model3 does not work. Hereafter we consider
that below some threshold temperatureT*;DF0 /kB the ap-
plication of the fluctuation model is permitted.14,15Note that
the energy barrierDF0 is dimension dependent and for me-
soscopic samples it may shift the applicability of the model3

by several mK belowTc .
After each event of PS, driven at a frequencyGT equal to

the rate of thermal fluctuations, there arises the quasiparticle
branch imbalanceQ* , which relaxes on a time scaletQ* and
on a distanceL. The relaxation of charge imbalanceQ* in a
1D superconducting wire can be described by the differential
equation6

DtQ*,2Q*5t0tEQ̈*1~t01tE!Q̇*1Q* , ~5!

where tE is the inelastic electron-phonon collision time,
t052kBTc\/pD2 is the supercurrent response time, and
D5 1

3vFl is diffusion coefficient,vF being the Fermi velocity

FIG. 1. ~a! Sketch of the sample.~b!,~c! Spatial dependences of
the instantaneous values of chemical potentials for pairsmp and
quasiparticlesmq at a momentt8 just after the phase-slip event for
the low-frequency and the high-frequency limits, respectively.~d!
Corresponding spatial dependences for the instant values of the
normal-current component.
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and l the electron mean free path. In the ‘‘low-frequency
limit’’ Eq. ~5! describes charge imbalance decay with the
characteristic decay length

LLF5~DtQ* !1/2. ~6!

In the ‘‘ultrahigh-frequency limit’’v@tE
21 ,t0

21 , Eq.~5! de-
scribes waves of charge imbalance, propagating with veloc-
ity v5L/(t0tE)

1/2. For the more general case where neither
ultrahigh- nor low-frequency approximations are appropri-
ate, Eq.~5! describes damped, dispersive waves of charge
imbalance with the dispersion relation

2L2k25~11 ivt0!~11 ivtE!, ~7!

which decay on a length

L5LLF~t0tE!1/2/@ 1
2 ~t01tE!#. ~8!

As in the present paper we are discussing the thermal acti-
vation of charge imbalance, the characteristic frequency of
the processv is set by the rateGT . For mesoscopic objects
of conventional type-I superconductors the ultrahigh-
frequency limit is never reached. However, the low-
frequencyGT!tQ*

21 or the high-frequencyGT>tQ*
21 limits

could be achieved.
If the PS event happens att5tPS, we may consider qua-

siparticles and pairs to be in a local equilibrium among them-
selves but not being in equilibrium with each other after a
moment t8: t0,tE<t82tPS,tQ* .

2 The local equilibrium
approximation permits one to characterize quasiparticles and
pairs by definite values of chemical potentials, which differ
from their equilibrium valuemq

stat5mp
stat5m. Following Ref.

16 let us approximate the low-frequency limit spatial varia-
tions of the instantaneous values of chemical potentialsmp
andmq at a momentt8 by

mp~ t8,x!5
eUp

2
tanhS x2x PSC

j/2 D , ~9a!

mq~ t8,x!5
eUq

2
tanhS x2xPSC

L D , ~9b!

whereL5LLF and xPSC is the coordinate of the PS center
@Fig. 1~b!#. As mp andmq should merge into each other at
x56` we may setUp5Uq5U. For the high-frequency
limit the ‘‘average’’ values ofmp andmq could also be ap-
proximated by Eq.~9!, while there exist the oscillations due
to preceding PS events and, what is more important, the
decay lengthL5LHF is shorter than the corresponding low-
frequency valueLLF @Fig. 1~c!#.

If not to discuss the processes on time scales less than the
charge neutrality maintenancetCH!t0 ,tE ,tQ* , in the vicin-
ity of the nonequilibrium region one may use the generalized
two-fluid model to describe the electronic transport. At every
momentt the total bias current could be split into two parts
corresponding to pairs and quasiparticlesI (t)5I S(t)
1I N(t). For the normal component of the current at a mo-
ment t8 we may derive

I N~ t8,x!5I2I S~ t8,x!52
1

erq~x!

dmq~ t8!

dx
, ~10!

whererq(x) is the effective resistance per unit length, asso-
ciated with the quasiparticle current. Substituting~9! into
~10! we get

I N~ t8,x!52
U/2

Lrq~x!
cosh22S x2xPSC

L D , ~11!

a bell-shaped function localized atxPSC @Fig. 1~d!#. Setting
x5xPSC for the absolute value ofU5uUu we obtain

U52Lrq~x!@ I2I S~ t8,xPSC!#. ~12!

As we restrict ourselves to the momentt8 ‘‘just after the PS
event’’ we may assume that the total current is mainly car-
ried by the quasiparticle excitations:I'I N(t8,xPSC)
@I S(t8,xPSC). In the present paper we concentrate attention
on mesoscopic length scales<L, which makes it possible to
set the effective coordinate-dependent ‘‘quasiparticle resis-
tance’’ equal to the corresponding value in normal state
rq(x)'rN5const. Finally we get

U52LrNI , ~13!

which gives the well-known result for the time-averaged
voltage across the PS center, measured far away from the
nonequilibrium region.16

It should be reemphasized that the nonequilibrium distri-
bution ~9! is maintained with frequencyGT and relaxes on a
time scaletQ* . We assume that the measured time-averaged
voltage across the mesoscopic sample is proportional to the
difference of the instantaneous values of corresponding
chemical potentials, given by Eq.~9!, and should be multi-
plied by the time-averaging weight;tQ*GT ,

^DVp,q&5~tQ*GT!Dmp,q /e. ~14!

Introducing the normal state resistanceRnormal
5rNuxL2xRu, wherexL andxR are the coordinates of poten-
tial probes, for the effective ‘‘dynamic’’ resistance
^R&5^DV&/I we get

^R&
Rnormal

5~tQ*GT!
L

uxL2xRu F tanhxR2xPSC
d

2tanh
xL2xPSC

d G ,
~15!

where d is equal toj(T)/2 for S probes and toL for N
probes, which measure the difference between the corre-
sponding values of chemical potentialsmp and mq ,
respectively.6 Equation ~15! is the central result of the
present paper.

III. CALCULATIONS

Let us calculate the effective resistance ratio for various
situations. The characteristic time of the charge imbalance
relaxationtQ* is given by17

1

tQ*
5

pD

4kBT

1

tE
F11

2tE
tS

G1/2, ~16!

wheretS is the elastic pair-breaking time due to supercurrent
or magnetic field, and in the most general case the gap pa-
rameterD5D(T,I ,H).

First, we discuss the situation when the external magnetic
field is zero and the bias currentI is small enough that we
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can neglect the corresponding pair breaking. Note that for
the ‘‘true’’ zero-current limitGT50. For the case of negli-
gible pair breaking the temperature dependence oftQ* (T) is
mainly determined by the variation ofD(T) and the scale is
set by the material-dependent parametertE having no singu-
larities at Tc . For conventional type-I superconductors of
given dimensions,GT varies within the same order due to
‘‘slight’’ differences ofHc(0) andj(0), while tE may vary
significantly~Table I!. The ‘‘short-tE’’ materials~Sn, In, Pb!
are always, even in case of significant pair breaking, in the
low-frequency limittQ*!1/GT . On the contrary, Zn could
be generally considered in the high-frequency limit. How-
ever, the mesoscopic Al samples studied to date for practical
bias currents are within the intermediate situation
tQ*;1/GT . Thus, the material properties play a significant
role in the behavior of the effective resistance ratio
^R&/Rnormal ~Fig. 2!. For simplicity hereafter we assume the
weakest link~the midpoint of the PS center! to be located
straight between the potential probes. Of course, for the real
sample the weak link is pinned to the imperfection. How-
ever, the nonsymmetric placement of the PS center will re-
duce the magnitude of the resistive bump@see Eq.~15!#,
while all the calculations will stay qualitatively valid.

The pair breaking due to supercurrent may be taken into
consideration by18,191/t S

I 5D(pS /\)
2/2, wherepS is the su-

percurrent momentum. Using familiar expressions20 the t S
I

could be rewritten in a more convenient form

1

tS
I 5

D

2 F I

3A3I c~T!j~T!
G 2. ~17!

Formally one has to consider the variation of the gap
D5D(I ) with applied current.18,19 However, in the present
paper we neglect this smallD(I ) deviation, which plays no
significant quantitative role for calculations. Note that for
high currentsI;I c(T) one must consider the current depen-
dence in the exponent of Eq.~1! and the prefactorV(T). The
supercurrentI always brings the rate of thermal fluctuations,
GT , to higher values. Thus for aluminum structure~Fig. 3!
for sufficiently small effective currentsI /I c(0) the sample is
in a low-frequency limit: The nonequilibrium quasiparticles
can relax on a time scaletQ* between successive fluctuation
events (tQ*,1/GT) within the whole temperature region.

TABLE I. Material parameters used in present calculations.

Materiala Tc tE(Tc) vF Hc
bulk(0) l lL j0

~K! (1028 s! (108 cm/s! ~Oe! ~nm! ~nm! ~nm!

Al 1.2 1.3 1.3 99 15 16 1600
Sn 3.73 0.027 0.7 306 15 35 230
Znb 0.88 20 0.9 55 15 28 1800

aData are taken from Refs. 5,20.
bValues for zinc correspond to averaging the initially anisotropic
data.

FIG. 2. Temperature dependences of the normalized effective
resistancêR&/Rnormal for tin, zinc, and aluminum samples of equal
cross sectionA, effective lengthL/j0 , and bias currentI /I c(0) for
zero magnetic fieldH. The signsS andN correspond to supercon-
ducting and normal potential probes, respectively. The PS center is
assumed to be symmetrically referred to the voltage probes.

FIG. 3. ~a! Temperature dependences of characteristic times for
an aluminum sample with cross sectionA and lengthL at zero
magnetic fieldH for different values of effective bias current
I /I c(0). Arrows indicate the positions of the threshold temperature
T* . Note the evolution of the temperature dependences of the ther-
mal fluctuation rateGT with the bias currentI . ~b! The correspond-
ing temperature dependences for the effective resistance ratio
^R&/Rnormal for symmetric position of the voltage probes referred to
the PS center. The inset shows the variation of the maximum value
of ^R&/R normal, corresponding toT5T* , with bias currentI .
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With increasing the bias currentI very close to the critical
temperatureTc the situation is shifted to the opposite limit,
while for very strong currents there are no high-frequency
solutions as the bias currentI should not increase the
temperature-dependent critical valueI c(T).

The pair-breaking time for the case of a plain 1D wire in
applied parallel magnetic fieldH is22

1

tS
H 5

1.76kBTc
\

H2

Hc
i ~0!

, ~18!

whereHc
i (0) is the zero-temperature parallel critical field.

Contrary to the case of pair-breaking currents the variation of
the gap with magnetic field20,22 D(T,H)
5D(T)@12H2/Hc

i (T)2#1/2 plays a quantitatively significant
role. Slightly affecting the 1/G due to variation of the gap
D(H), the magnetic field noticeably shiftstQ* (H) to shorter
values, driving the sample to the low-frequency limit~Fig.
4!.

For fixed temperatures within the resistive transition Eq.
~15! gives negative effective magnetoresistance due to de-
creasing oftQ* (H) @and, consequently,L(H)# with mag-
netic field. The above effect has been observed
experimentally23 and could partially describe the anomalous
form of Little-Parks oscillations for mesoscopic loops.9,10

The noticeable decreasing of effective resistance ratio
^R&/Rnormal with increasing the length of the sample,
L5uxL2xRu, is due to;tanh(L)/L dependence of Eq.~15!
~Fig. 5!. The difference forN and S probes comes from
different ‘‘healing’’ lengthsL and j/2, respectively. Note

that the present model could not be applied without modifi-
cations to long wires where more than one PS center could fit
in the sample. Experimentally one can estimate the possible
number of the active PS centers at a given temperature as
being equal to the number of the voltage steps of the corre-
sponding current-voltage characteristic.5 Experiments with
Al microbridges24 showed that pure aluminum samples of at
least several tens of micrometers in length could be consid-
ered as ‘‘single-PS-center activated.’’ However, the resistive
anomaly for Al should disappear on lengths more than sev-
eral micrometers~Fig. 5!, which is in a reasonable agreement
with the experiment.7

IV. DISCUSSION

The present theoretical considerations being based on the
thermal fluctuation model3 differ significantly in the proce-
dure of ‘‘linkage’’ of the instantaneous voltageV(t8) across
the sample with the corresponding time-averaged value
^V&. In Ref. 3 it was assumed that the average PS activation
rateGT should be balanced through the Josephson relation by
the time-averaged voltageGT52e^V&/h. This assumption is
useful when the distance between potential probes is large
compared to the nonequilibrium region attributed to each PS
center,uxL2xRu@L. Thus, the actual dynamics of PS events
is taken into consideration in a ‘‘statistical’’ way. However,
for mesoscopic scales we must perform the time averaging
more definitely. Introducing thetQ*GT weight is the easiest
and the most straightforward possibility.

It should be mentioned that utilizing thetQ* as a charac-
teristic time for relaxation of charge imbalance by pulse in-
jection of quasiparticles is still questionable. For steady-state
conditions the validity oftQ* applicability was confirmed
undoubtedly,1,2 while for discrete PS events the experiments5

give both temperature-dependent and constant values for the
corresponding relaxation time, working in favor oftQ* and
tE , respectively. As the thermal activation rateGT is slightly
affected by external magnetic field,tE is a material constant,
and tQ* is very sensitive to magnetic field pair breaking
~Fig. 4!, the comparison of the present model with experi-

FIG. 4. Magnetic field HW i plane of the sample! dependence of
the maximum valuêR&/R normal, corresponding toT5T* , for an
aluminum sample with cross sectionA, fixed bias currentI , length
L, and symmetric position of the voltage probes referred to the PS
center. The inset shows the influence of the magnetic field on tem-
perature dependences of corresponding characteristic times: the pe-
riod of thermal fluctuations 1/GT and the quasiparticle relaxation
time tQ* . The arrow indicates the position of the threshold tem-
peratureT* .

FIG. 5. Sample lengthL5uxL2xRu dependences of the maxi-
mum valuê R&/Rnormal, corresponding toT5T* , for an aluminum
sample with cross sectionA and symmetric position of the voltage
probes referred to the PS center at fixed bias currentI and zero
magnetic fieldH.
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ments in a magnetic field may bring additional clearness to
the problem.

The key question of the present paper is how the resis-
tance of a superconductor in the resistive state could exceed
the corresponding normal-state value. Intuitively the resistiv-
ity per unit lengthrq associated with nonequilibrium quasi-
particles could be less or equal than therN . Consequently,
no tricks with time averaging could obtain the situation
^R&/Rnormal.1. However, the expression for the effective re-
sistance ratio Eq.~15! also contains the;L/uxL2xRu term,
which may be much greater than unity for mesoscopic
samples. The physical significance of the last statement is the
fact that in the resistive state of superconductors the ampli-
tude of the chemical potential jumpeU, Eqs.~12!, ~13!, is
set by the quasiparticles from the total nonequilibrium region
;2Lrq , while in the normal state the corresponding value
is proportional to;rNuxL2xRu. The usual approximation of
equality ofrq andrN indirectly assumes that the quasiparti-
cle excitation spectrum differs from the one in normal state
mainly by the existence of the energy gap and could be de-
scribed by the ‘‘same’’ density of statesN(0) on the Fermi
level and the distribution functionf5 f 01d f . The last state-
ment brings us again to the requirement of the local equilib-
rium approximation in order that the quasiparticles could be
described by a definite value of the chemical potentialmq .
However, the thermalization process is maintained by pho-
non emission and is characterized by the relaxation time
tE.

2 For sufficiently intensive pumping of quasiparticles
GT@tE

21 the present model may not be valid. Fortunately,
for most type-I superconductors Pb, Sn, In, and Al of meso-
scopic dimensions the above nonequality never holds, while
for Zn in the experimentally convenient range of bias cur-
rents the local equilibrium approximation may be violated
and the application of the present model needs further justi-
fication. It would be very interesting to perform experiments
on various materials with different types of probes. The
present model qualitatively describes the existing experimen-
tal results on Al mesoscopic samples7–10 and the absence of
any anomaly for In~Ref. 7! as indium is a short-tE material:
GTtQ*!1. It would be useful to test the present theoretical
considerations on Zn, probably setting the limits of applica-
bility.

Unfortunately, at the present moment there are only few
experimental works7–10related to the present model. The two
of them9,10 were performed on the multiple-connected
samples~loops!. The direct application of the present model
to the ring geometry is questionable as there exist the parallel
supercurrent channel due to the second arm of the loop. Fig-
ure 6 represents the comparison of the present model calcu-
lations with experimental results on Al wires.7 One should
not be surprised that the experimental resistive transitions are
much broader than the theoretical ones~Fig. 6!. The present
model deals with ideal 1D wires. For such homogeneous
samples the calculated width of the resistive transition is
about few mK and is comparable to the experimental results
obtained on perfect whiskers.5 The actual sample prepared
by a lift-off process7–10 is far from being considered an ideal
homogeneous object. However, one can increase the calcu-
lated width of the resistive transition of such an inhomoge-
neous sample by introducing the random distribution of the
local transition temperatureTc within the rangeDTc .

The main uncertainty in fitting the calculations to the
experiment7 comes from the fact that in order to increase the
signal-to-noise ratio the measurements were performed using
the ac lock-in technique, while the present model is devel-
oped for the dc case. We found that the best fitting dc value
I dc is between the rms and the amplitude values of the ex-
perimentally used ac bias currents. As the current depen-
dences of the model~Fig. 3! are much stronger than the
length ones~Fig. 5!, by fixing the effective dc bias current
and utilizing the given sample geometry7 one can calculate
the effective coherence length. The obtained values for
j(0) are in a reasonable agreement with the value 170 nm
derived for the codeposited Al film.7 Slight deviations~see
Fig. 6 caption! of j(0) andTc for the partsA andB could be
easily understood as the samples were prepared from the
nonoverlapping regions of the same wire.7
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FIG. 6. Zero-field experimental resistive transition (s andh)
for mesoscopic Al wires. Data are taken from Ref. 7. Solid lines
represent the present model calculations. It is assumed that the
weakest link~PS center! is symmetrically referred to the supercon-
ducting voltage probes. The best fit is obtained usingTc5 1.291 K
and 1.289 K,I dc5 122 nA and 61 nA, andj(0)5 157 nm and 129
nm for samplesA andB, respectively. For details see the text.
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