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Comment on ‘‘Observation of vortex-lattice melting in YBa2Cu3O72d

by Seebeck-effect measurements’’
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The findings of Ghamlouchet al. @Phys. Rev. B54, 9070~1996!# on the jump in the thermoelectric power
of high-Tc 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.
@S0163-1829~99!04102-8#
er
ne
to
th
f

ad

in
b

s

ti
f

nt

s

rd
ch
nl
ib
he

on

et

t
th
o

sub-

em
.’’

and
s

o-
ta
n
a

s-
n
o be
lled

ity
al

-

l
in

the

d
re
he
-
to
a-

era-
ted
Ghamlouchet al.1 have presented some interesting obs
vations of an anomaly in the Seebeck effect on a detwin
YBa2Cu3O72d single crystal and attributed the effect
vortex-lattice melting. The temperature dependence of
Seebeck coefficient~S! is expected to closely follow that o
the resistivityr via the relationS5(r/rn)Sn , where the sub-
script n denotes normal-state values. For temperature gr
ents applied along theb direction, the behaviors ofS vs T
andr vs T in various magnetic fieldsB are similar, a sharp
rise and knee are found at some temperatureTm , called
the melting temperature for the vortex lattice. The rise
S is not as sharp as for the resistivity. Such a jump can
expected to occur because one is also found~i! in the elec-
trical resistivity2 and ~ii ! in the magnetization—the famou
Zeldov jump,3 and also in ~iii ! SQUID magnetometry
measurements,4 real and imaginary susceptibility,5 specific
heat,6 muon7 and neutron8 scattering,I -V characteristics9

under similar field-temperature conditions. Such dras
features are associated with a first order phase transition
the lattice vortex melting.10,11 These results are consiste
with computer simulations in the three-dimensional~3D! XY
model12–16and others.17 The first-order-like transition seem
to remain even in the presence of some~simulated through
the XY exchange integral! static disorder14~b! but not in the
presence of point defects~introduced by irradiation!.18

Transport measurements seem to suggest a first o
transition, but they cannot provide a definitive proof of su
a transition9 because they are thought to be sensitive o
to moving vortices, and missing those in thermal equil
rium.12–16 There is a need therefore to have some furt
reflection on such findings and their interpretation.

Near the resistivity drop phenomenon, several transiti
can be distinguished:~i! the Ginzburg-LandauTc tempera-
ture at which the coherence length of the order param
amplitudediverges,~ii ! the percolation transition19 tempera-
ture Tp at which thephaseof the order parameter is no
disturbed anymore by defects or weak links throughout
sample, such that a perfectly coherent conductivity path c
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nects opposite ends of the sample by superconducting
volumes. That temperatureTp is truly the one at whichr
50 because the electrical current flows in the syst
through an ‘‘infinite superconducting percolation cluster
An ‘‘ordinary’’ so called XY transition20 is expected. It can
also be shown21 by using the Bernouilli equation for the
superfluid that a jump occurs in the mean kinetic energy
in the electric potential atTKT . TheTp temperature can thu
be identified with the Kosterlitz & Thouless temperatureTKT

if a jump is experimentally observed. The predicted exp
nential jump22 has been used for explaining low field da
behavior near the electrical resistivity percolatio
transition.23 The percolation temperature seems to have
different value when ‘‘measured’’ from the electrical resi
tivity, i.e. whenr50 or the thermoelectric power, i.e. whe
S50. Both temperature and field dependences could als
different. A question can thus be raised whether the so-ca
melting line in Fig. 3 of Ghamlouchet al.1 obtained from
TEP data can be immediately compared with the resistiv
percolation line for YBCO-123 compounds in an extern
field.

Therefore it is not obvious that thedS/dT maximum
should reveal a~2D or 3D! vortex lattice melting tempera
ture. The above remarks imply that a precisedefinition of
‘‘melting line,’’ ‘‘irreversibility line,’’ ‘‘glass transition
line,’’ ‘‘electrical resistivity percolation line’’ ~and maybe
some others! should be given along with the ‘‘operationa
comment’’ concerning their experimental determination
order to imply some understanding on their sensitivity to
vortex structure evolution. The irreversibility lineTi(B) or
Bi(T) separates the~B,T! regions where vortices as a ‘‘soli
vortex lattice’’ or a somewhat ‘‘disordered vortex glass’’ a
free to move or are frozen. This line might merge with t
TKT , Tp , Tm , and evenTc lines in some regions as a func
tion of field. The vortex cooperative behaviors should lead
different effects in various properties, including those me
suring the scattering of quasiparticles. However, the coop
tive behavior in a given thermodynamic phase is not deba
671 ©1999 The American Physical Society
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672 PRB 59COMMENTS
upon in Ref. 1 even though the behavior should have a
ferent signature in different physical quantities indeed.

An additional issue is the order of the melting transiti
as a function of the magnetic field. A smoother behav
~sometimes seen as a first to second order change! is usual in
the presence of increasing disorder.14~b!,24 However, an exter-
nal parameter such as a magnetic field usually breaks
continuous symmetry change at a second order phase tr
tion and rather turns it into a discrete symmetry change,
to a first order transition22 as defined for equilibrium proper
ties. For thevortex lattice meltingtransition, the order pa
rameteris the vortex distribution itself, and the vortex mig
be one of the main sources of dissipation in the trans
properties as well. Notice that quasi particle scattering
vortices has to be considered.25,26 In fact, the drop in resis
tivity between liquid and solid~vortex! phases is reduced i
the presence of a field because the ‘‘solid’’ is no longer
rest due to the Lorenz force acting on the vorticesandon the
quasiparticles. Moreover, the nature of the moving state
self may be quite different in the liquid and solid.9,14,17This
means that theS(T) jump, if any, should measure the e
tropy change and the scattering contributions. Thus a jum
a transport property at a precise ‘‘ordering’’ temperature
a system in which a distribution of temperature exists
quires a very fine experimental setup and an almost i
material.

Thus, experimental conditions as those in Ref. 1 sho
be examined. A source of concern might be about the
method for TEP measurements, especially when the
quency does not fit the system time constant, because
alternating TEP signals are self cancelled at high eno
frequencies. In private correspondence, Aubin has mentio
that the frequency which was used was 1 Hz, and the si
amplitude was dependent on frequency though the (DV/DT)
ratio used to measureS(T) was frequency independent. Pr
viously this technique has led to anomalous peaks inS(T)
just above the critical temperature—peaks which were so
what presented as due to intrinsic effects, though this is
batable.

Another concern with the data arises from an amaz
value, i.e., the Landau-Ginzburg critical temperature is
ported to be equal to 93.6 K for the zero field case. E
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assuming a high Y123 oxygenation level, we cannot exp
such as a highTc . Moreover the TEP should be negative
high oxygen content—in contrast to the values given in
paper discussed here. In a private correspondence, A
pointed out that the reported data in Ref. 1 is the TEP ‘‘a
solute value’’; this should be emphasized in order to av
any further misleading interpretation. This positive sign
lated to a high-Tc value might at first sight suggests a sy
tematic error in temperature determination. This tempera
calibration effect is not so importanta priori for the physics
of the specific problem, except for the discussed relations
between transition temperatures measured indifferent ex-
periments.

In fact, such features should be better examined with
spect to the other magnetotransport effects such as the N
effect and the electrothermal conductivity. Notice that t
latter is a very powerful test since the resistivity and therm
electric power can besimultaneouslymeasured on the sam
sample.27 Unfortunately we have not been able to pinpoin
feature indicating some change of line positions or any s
between the melting line and the resistivity percolation li
as in Ghamlouchet al.1 for Y123. Only changes in slope
can be noticed even in thorough investigations. Sometim
some sharp drop~going from high temperature! is seen and
discussed in terms of activation energy.28,29 The observed
jump in TEP has never been reported by any other author
know of, previously including the Sherbrooke group.

We conclude that the jump in TEP should be recheck
with respect to other transport properties,30 and to attribute
the jump to a vortex lattice melting might need some furth
theoretical work taking into account both vortex motion d
sipation and quasiparticle scattering.25,26 Much work is still
needed in order to point out how where the percolation, m
ing and irreversibility lines exist, their field dependence, a
why a first or second order melting transition is expected
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