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We show that several essential assumptions used by Landau and Riiséerére preceding Commetre
in contradiction with available experimental data on mesoscopic superconducting wires. Therefore their model
cannot be used for the interpretation of the anomakR{® behavior in these samples.
[S0163-18297)02241-9

The Comment, written by Landau and RindefeR),! is interface to observe thgesistanceanomaly.” Therefore the
based on a well-known phenomenon: the existence of extrpositioning of the NS boundary between the voltage probe is
resistance at a normal-superconductif$) interface. This not a necessary condition for the observation of the resis-
effect was discovered in bulk type-l superconductors by onéance anomaly. This is clearly against the above-mentioned
of the authors of the CommehOf course we were aware of assumption(1) by LR.
this paper and other publications on the same subject, but we (ii) The resistance anomaly was manifested only if it was
did not consider thenfand therefore did not cite the paper measured with superconducting voltage probatith nor-
in our publicatiori), since it was not possible to use that mal (etched probes no resistance anomaly is observed what-
approach in its existing form to interpret our experimentalever the position of the probes with respect to the NS bound-
data. Moreover, even a modified approdske the preceding ary. Since the S and N probes measure the electrochemical
Commen}t with several assumptions, used by LR in their potential of pairs and normal quasiparticles, respectively,
description of the resistance anomaly, is still not applicablevithin a nonequilibrium region, this implies that the charge
for our experiments with short mesoscopic superconductingmbalance of pairs is responsible for the appearance of the

wires. resistance anomaly. These observations are in contradiction
The LR model for the resistance anomaly is based on thewith the assumptiori2) that the main factor is the “step” of
following assumptions: the electrical potential at the NS boundary.

(1) The anomaly is observed when the NS boundary en- (iii) In Refs. 3—6 and others the mean free pai typi-
ters the space between potential probes and leads to the qually 10-20 nm, which is much legand not much morg
siparticle charge imbalance and to a discontinuity of the electhan the distance between the probes, the coherence length,
tric potential at the NS boundary. the charge imbalance length, and other relevant parameters.

(2) The charge imbalance phenomena cannot give resisFherefore, under these conditions no noticeable resistance
tance values higher than those in the normal state. Therefosomaly can be expected in the framework of the LR model.
the resistance anomaly should be attributed to the “step” oBy the way, this is also admitted by LR in their Comment.
the electrical potential at the NS boundary and not to charge (iv) To resolve this inconsistency, LR propose that the NS
imbalance. boundary is not perpendicular to the current. This may even-

(3) To obtain any noticeable discontinuity of the electrical tually happen, but on the other hand in Ref. 5 the resistance
potential (to be comparable with the one needed to explairanomaly in wires with very shotthas been observed for the
the experimentally observed resistance anojnfalythe NS NS boundary etched perpendicular to the current. This is in a
boundary being normal to the current the mean free path ofontradiction with the assumptidd).
electrond must be much greater than all other characteristic We would like to emphasize here that one of the main
distances. conclusions of the recent experimental observafidtis that

(4) For the situation with very short’s a strongly the resistance anomaly is related to the nonequilibrium
“tilted” NS boundary is needed between the potential charge imbalance around both phase slip cerfl28<’9 and
probes. If the NS boundary is perpendicular to the currenthe NS boundary. Therefore, the discontinuity of the electri-
and thel value remains very small, then the potential step atal potential at the NS interfatés not the dominant mecha-
the NS boundary is too small to explain the experimentahism responsible for the appearance of the resistance
data. anomaly.

Now we show that these four assumptions, essential for The authors of the Commeérlso criticize the concept of
the LR modetl. are in a contradiction with available experi- PSC, referring to four publicatiori®Refs. 1-4 in Ref. 1; two
mental dat&® of them, by the way, are by other groups, and therefore, we

(i) In experiments of Park, Isaacson, and Parpish the  cannot be criticized for that The authors of Ref. 1 give,
clearly definedthrough etchingNS interfacethe resistance without a proper context, a misleading presentation of the
anomaly was observed both for the NS interface between thraodel proposed by dgo interpret an anomalous resistance
voltage probes and for the probes not enclosing the interpeak in mesoscopic wires. The essence of our model is that
face.In the caption to Fig. 2 in Ref. 5 we read, . Note that we were consideringot only narrowwires but at the same
the voltage probes need not span the etched-unet@®h®d time very short wireswith a length being smaller than both
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the charge imbalance Iengthg and the coherent lengtls  model has virtually nothing new.” We agree with this state-
Therefore in this case the sample is much smaller than alhent. We do not agree, however, with the following state-
characteristic scales for the decay of the nonequilibrium disment that “.. . it canexplain rather well all features observed
tribution of pairs and quasiparticles considered in theoreticaéxperimentally,” since, contrary to Ref. 3, LR did not even
papers, including the paper by Ivlev and KopriRef. 7. try to fit the main experimental dat®(T) curves demon-
Only for extremely short mesoscopic wires did we assumestrating an anomalous resistance peak just belpw the
that SWitChing between normal and SUperCOﬂdUCting Stat%agnetic field and current dependence, etc.

might be eventually possible. This assumption was_based On \We would also like to remark here once again that we are
the well-known phenomenon of the formation of ¢onyinced that the phase slip and charge imbalance phenom-
superco'nduct.lng/normal domains in current carrying SUp€fana are indeed relevant for explaining an anomalR(i§)
conducting wireé. It seems then possible to expect that in behavior in the vicinity ofT, in mesoscopic type-Il super-

very short wires temporal switching between normal and SUSonductors. Recentfwe have shown that PSC can also be

perconducting states could be realized, instead of formin%duced by the radio-frequency radiation and Arutvui§ov
coexisting moving N and S domains. In other words, we y 9 y Y

have made an attempt to consider mesoscopic sampl(%as presehtedamodel whe_re Rl peak i.S also related to
smaller than the size of the phase slip center itself. Thidnermally induced phase-slip events. This author has con-

problem was not considered in theoretical papers on this suti'med the relevance of spin-flip events for the anomalous
ject (including Ref. 7 and therefore the statement of LR Pehavior of theR(T) curves by comparing his calculations
about an obvious contradiction is misleading. MoreoverWith the recent experimental observations.
never in our papérdid we mention that the anomalous re- ~ Concluding, we think that the arguments given by the
sistance peak cannot be observed in other materials, inclu@uthors are not directly relevant, since they are based on the
ing bulk type-I superconductors in the intermediate state. model containing the four assumptions which seem to be not
The authors of the Commeénare summarizing the main valid for our work on mesoscopic short wires; not new, since
conclusions of several previous experimental and theoreticdhey are summarizing well-known published facts; and not
papers on the interface resistance in bulk type-I supercorsonclusive, since besides handwaving arguments, no quanti-
ductors(Refs. 9—16; they do not focus specifically on short tative comparison with the existing experimen®{IT) data
mesoscopic wires. LR write in their “Comment”, “Our has been made.
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