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The findings of Ghamlouchkt al. [Phys. Rev. B54, 9070(1996] on the jump in the thermoelectric power
of high-T, superconductors below the critical temperature in the presence of large magnetic fields are dis-
cussed. The complicated interplay between the vortex lattice thermodynamic transitions and the transport
property percolation transitions raises questions on their similarities, differences, and relationships with respect
to the(B,T) phase diagram features and the classical Kosterlitz-Thouless transition. A few comments pertain to
the experimental details and others on the relevant role of thermomagnetic transport properties.
[S0163-182609)04102-9

Ghamlouchet al! have presented some interesting obsernects opposite ends of the sample by superconducting sub-
vations of an anomaly in the Seebeck effect on a detwinnedolumes. That temperaturg, is truly the one at whictp
YBa,CuwO;_5 single crystal and attributed the effect to =0 because the electrical current flows in the system
vortex-lattice melting. The temperature dependence of théhrough an “infinite superconducting percolation cluster.”
Seebeck coefficientS) is expected to closely follow that of An “ordinary” so called XY transitiorf® is expected. It can
the resistivityp via the relatiorS=(p/p,,)S,, where the sub- also be showit by using the Bernouilli equation for the
script n denotes normal-state values. For temperature gradsuperfluid that a jump occurs in the mean kinetic energy and
ents applied along thb direction, the behaviors d8vs T in the electric potential alxy. The T, temperature can thus
andp vs T in various magnetic fieldB are similar, a sharp be identified with the Kosterlitz & Thouless temperatilig
rise and knee are found at some temperaflife called if a jump is experimentally observed. The predicted expo-
the melting temperature for the vortex lattice. The rise innential jump? has been used for explaining low field data
Sis not as sharp as for the resistivity. Such a jump can béehavior near the electrical resistivity percolation
expected to occur because one is also fo(inéh the elec-  transition?® The percolation temperature seems to have a
trical resistivity and (ii) in the magnetization—the famous different value when “measured” from the electrical resis-
Zeldov jump® and also in (i) SQUID magnetometry tivity, i.e. whenp=0 or the thermoelectric power, i.e. when
measurementsreal and imaginary susceptibiliyspecific ~ S=0. Both temperature and field dependences could also be
heat® muori and neutrof scattering,|-V characteristics  different. A question can thus be raised whether the so-called
under similar field-temperature conditions. Such drastianelting line in Fig. 3 of Ghamlouclet al! obtained from
features are associated with a first order phase transition fafEP data can be immediately compared with the resistivity
the lattice vortex melting®! These results are consistent percolation line for YBCO-123 compounds in an external
with computer simulations in the three-dimensio(g8D) XY  field.
modet?~*®and others! The first-order-like transition seems  Therefore it is not obvious that thdS/dT maximum
to remain even in the presence of sofsémulated through should reveal 2D or 3D) vortex lattice melting tempera-
the XY exchange integralstatic disordéf® but not in the ture. The above remarks imply that a precifinition of
presence of point defectintroduced by irradiation*® “melting line,” “irreversibility line,” “glass transition

Transport measurements seem to suggest a first ordéne,” “electrical resistivity percolation line” (and maybe
transition, but they cannot provide a definitive proof of suchsome othernsshould be given along with the “operational
a transitiofl because they are thought to be sensitive onlycomment” concerning their experimental determination in
to moving vortices, and missing those in thermal equilib-order to imply some understanding on their sensitivity to the
rium.2271® There is a need therefore to have some furthewortex structure evolution. The irreversibility lifg (B) or
reflection on such findings and their interpretation. B;(T) separates theB,T) regions where vortices as a “solid

Near the resistivity drop phenomenon, several transitiongortex lattice” or a somewhat “disordered vortex glass” are
can be distinguishedi) the Ginzburg-LandaT; tempera- free to move or are frozen. This line might merge with the
ture at which the coherence length of the order parametefyr, T,, Tr,, and everr, lines in some regions as a func-
amplitudediverges(ii) the percolation transitidf tempera- tion of field. The vortex cooperative behaviors should lead to
ture T, at which thephaseof the order parameter is not different effects in various properties, including those mea-
disturbed anymore by defects or weak links throughout thesuring the scattering of quasiparticles. However, the coopera-
sample, such that a perfectly coherent conductivity path cortive behavior in a given thermodynamic phase is not debated
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upon in Ref. 1 even though the behavior should have a difassuming a high Y123 oxygenation level, we cannot expect
ferent signature in different physical quantities indeed. such as a higfi.. Moreover the TEP should be negative at
An additional issue is the order of the melting transition high oxygen content—in contrast to the values given in the
as a function of the magnetic field. A smoother behaviorpaper discussed here. In a private correspondence, Aubin
(sometimes seen as a first to second order chasgesual in - pointed out that the reported data in Ref. 1 is the TEP “ab-
the presence of increasing disord®?:** However, an exter- solyte value™; this should be emphasized in order to avoid
nal parameter such as a magnetic field usually breaks thgmy further misleading interpretation. This positive sign re-
continuous symmetry change at a second order phase tranglioq to a high¥, value might at first sight suggests a sys-

tion and rather tumns it into a discrete symmetry change, i-€4ematic error in temperature determination. This temperature
to a first order transitici as defined for equilibrium proper- calibration effect is not so importaat priori for the physics

ties. For thevortex lattice meltingransition, the order pa- o the specific problem, except for the discussed relationship
rameteris the vortex distribution itself, and the vortex might between transition temperatures measuredlifferent ex-
be one of the main sources of dissipation in the tranSpor;Beriments

properties as well. Notice that quasi particle scattering by

vortices has to be consider&? In fact, the drop in resis- spect to the other magnetotransport effects such as the Nernst
tivity between liquid and solidvortex thas_ef is reduced in gfact and the electrothermal conductivity. Notice that the
the presence of a field because the “solid” is no longer afyier is a very powerful test since the resistivity and thermo-
rest due to the Lorenz force acting on the vortiaedon the  gjactric power can bsimultaneouslyneasured on the same
guasiparticles. Moreover, the nature of the moving state it'sample?7 Unfortunately we have not been able to pinpoint a

. . . . . ‘17 .
self may be quite different in the liquid and sofid " This  fearyre indicating some change of line positions or any shift
means that theS(T) jump, if any, should measure the en- peryeen the melting line and the resistivity percolation line

tropy change and the scatterir}g contribu_tions. Thus a jump g in Ghamlouctet al® for Y123. Only changes in slopes
a transport property at a precise “ordering” temperature forcan pe noticed even in thorough investigations. Sometimes

a system in which a distribution of temperature exists reggme sharp drofgoing from high temperatuyds seen and
quires a very fine experimental setup and an almost idegjiscyssed in terms of activation ener§y® The observed
material. _ . _ jump in TEP has never been reported by any other author we
Thus, experimental conditions as those in Ref. 1 shoulgqy of, previously including the Sherbrooke group.
be examined. A source of concern might be about the ac \ye conclude that the jump in TEP should be rechecked
method for TEP measurements, especially when the fr&giiy respect to other transport propertisnd to attribute
quency does not fit the system time constant, because thge jump to a vortex lattice melting might need some further
alternating TEP signals are self cancelled at high enougfheoretical work taking into account both vortex motion dis-
frequencies. In private correspondence, Aubin has ment',on"&pation and quasiparticle scatterff?® Much work is still
that the frequency which was used was 1 Hz, and the signaleeded in order to point out how where the percolation, melt-
amplitude was dependent on frequency though &/QT)  jng and irreversibility lines exist, their field dependence, and

ratio used to measui®(T) was frequency independent. Pre- vy 5 first or second order melting transition is expected.
viously this technique has led to anomalous peak$(ih)

just above the critical temperature—peaks which were some- We thank M. Aubin for correspondence on the subject.
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In fact, such features should be better examined with re-
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