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Influence of a low magnetic field on the thermal diffusivity of B, Sr,CaCu,Og
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The thermal diffusivity of a Bi-2212 polycrystalline sample has been measured under a 1 T magnetic field
applied perpendicularly to the heat flux. The magnetic contribution to the heat carrier mean free path has been
extracted and is found to behave as a simple power law. This behavior can be attributed to a percolation process
of electrons in the vortex lattice created by the magnetic field.
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I. INTRODUCTION behaviors with and without a magnetic field beldwshould
allow for extracting the contribution of the magnetic field.

When a magnetic field is applied, it is well known that the This would give interesting informations about electron-
superconductivity properties collapse: e.§), the critical ~ vortex interactions(Calzonaet al. have measured the diffu-
temperatureT, decreases, (i) the critical current density sivity in a magnetic field. However, they used the phonon
decreases (iii) the electrical resistance afi) the thermo-  dissipation model for explaining heat conduction features
electrical power become finite beloW; ,>* (v) the thermal and did not extract the magnetic contribution to the mean
conductivity behaves anomalously, éttindeed a magnetic free path?® The behavior of this contribution can give very
field is known as a Cooper pair breaker. In fact the behaviointeresting informations about the vortex-heat carriers inter-
of the mean free path of electricity and heat carriers in, e.g.action belowT.) Here we show that such a contribution can
high-T superconductor materials is a widely discussed probbe extracted, even close g and at rather low field. The
lem particularly in the presence of a magnetic field. experimental data are our own measurements on a polycrys-

Without a magnetic field, the thermal conductivity of talline Bi-2212 sample. Despite its polycrystalline morphol-
these materials exhibits a hump below the critical temperaogy, the advantage of such a sample resides in the possibility
ture. The cause is not wholly clear or really understood: theréo obtain it as a long bar out of a pellet, whence allowing a
are different viewpoints, based on the prominence of an infine sensitivity of the measurements even at small field. This
crease of the mean free path of the phonons, thus with resompound and sample are expected to be representative of
duced scatterifg® or from an increase of the mean free most highT. superconductor materials, in particular of their
path of electron$!~*" or a complicated combination of both anisotropic[two-dimensional2D)] nature.
due to the chemistr}? Note that the previously quoted ref-  In a simple kinetic model formalism, the thermal diffusiv-
erences are only a microsample of a huge literature on thidy « is defined as the ratio between the thermal conductivity
subject, but not all reportémore than 30Dcan be quoted « and the volumic specific heat and can be thus expressed

here. through
On the other hand, in presence of dimjte applied mag-
netic field, this mean free path apparently decreases as indi- 1
cated by the lowering of the thermal conductivity hump am- a=gzvl, 1)

plitude. The discussion of the findings pertain to the

understanding of the mixed-state properties devave (or  \wherey is the velocity of the heat carriers ahdhe mean
swave as sometimes thougtstuiperconductors, and the role free path. Assuming to be a constant in a restricted range
of phonons and electrons in a magnetic fiedge the above of temperature of interest, as here, the thermal diffusivity is
references in appropriate cases and also Refs. 192ey  thys an adequatéor direch probe for measuring the mean
are more or less well understood at high field and low tem+ree path of heat carriers. When a magnetic field is applied,

perature, their interpretation is not so trivial in regions wherémay be rewritten as usual within the linear superposition
the various phase transition lines merge into each other, thugyproximation &&

nearT, and at low field??

Since the thermal diffusivity is related to the thermal con- 1 1 1
ductivity, the same fundamental questions arise here—fewer T~Ts + . 2
studies are found. The thermal diffusivity is known to be a 0 'mag

good probe for measuring the heat carrier mean fre
pattt®~2°and even find out the relevance of Van Hove saddl
points in highT, superconductor® Discussing the thermal
diffusivity behavior below and aboVE, in the absence of a
magnetic field has recently allowed us to distinguish the con- | |
tribution of electrons and phonons in the dissipation process. =014+ % 14

On the other hand, comparison of the thermal diffusivity a | | mag ®¥mag

%vherelo andl,,4 are the mean free paths of heat carriers,
erespectively, without and with the influence of an applied
magnetic field. From Eqg1) and(2),

Qg
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FIG. 1. Resistance of the Bi-2212 sample wi@)(and without 20 40 60 80 100 120 140 160
(O) an applied magnetic field perpendicular to the current vs the T (K)
temperature.

FIG. 2. Thermal diffusivity without and with a 1.0 T applied
magnetic field vs the temperatu®,andO, respectively. The inset
represents the same quantities in a log-log plot. The arrow indicates
the critical temperature.

where oy and « are the thermal diffusivities without and
with magnetic field, respectively, ang,,4 is the magnetic
contribution to the thermal diffusivity.

These formulas serve as a basis for the discussion of th[f\gv0 extreme thermocouples give the lirfiboundary”) con-
vortex-heat carrier interaction in the mixed phase fBar  jitions so as to compute the shape of the signal from the heat
After a description of the synthesis and of the characterizagisjon equation, at the middle thermocouple, for different
tion of the sample in Sec. II, the measurements of the thery o values of the thermal diffusivity. The results of such
mal diffusivity of the Bi-2212 sample are presented in S€C..5icyjations are compared to the measured signal at the
lll. The magnetic contribution to the mean free path is €X-yjggle thermocouple. The best fit allows us to deduce the
tracted and the results are then discussed. value of the thermal diffusivity at this temperature.

II. SYNTHESIS AND EXPERIMENTS Ill. RESULTS AND DISCUSSION

Powders of BjO;, SrCG;, CaCQ, CuO, and Pb@were In Fig. 2, the thermal diffusivity is shown between 20 and
mixed mechanically together using an agathe mortar starting60 K. The solid circles@®) represent the thermal diffusiv-
from a 2234 stoichiometry in order to obtain a 2212-BSCCOQity «, without any magnetic field. As for the open circles
(Bi-2212) stoichiometric composition. This mixture was de- (O), they symbolize the results with a 1.0 T magnetic field
carbonated at 800°C for 20 h and melted in an aluminapplied perpendicularly to the heat flux The two curves
crucible at 1075°C for 30 min in air. The liquid was are seen to be superposed on each other at high temperature.
guenched between two room-temperature copper blocks t8uch a magnetic field is indeed too small to create any vis-
form a glass. The pellets were heated in oxygen atmospheible effects on thermal properties in the normal state. On the
on a barium zirconate substrates at 860 °C for 5®Despite  other hand, the thermal diffusivity behaves differently below
its polycrystalline morphology, the advantage of such athe critical temperature with and without a magnetic field: in
sample is that it can be long. This allows a better sensitivitjthe presence of a magnetic field the diffusivity is slightly
for the measurement and the effect of a small field can be dswer. Thus the magnetic field shows its expected pair
such observed. breaker role. In the framework of the electronic model for

The electrical resistivity curve is represented in Fig. 1.heat transport:~**that means that the electron-electron scat-
The superconducting midpoint transition occurs around 8%ering is enhanced or, in other words, that electrons have a
K. At high temperature, the resistivity is linear with a decreasing mean free path.

10 m(Q m resistivity at 0 K and about 40 éhm at 225 K. The inset of the Fig. 2 is the thermal diffusivity with and
When a magnetic field is applied, the resistivity transitionwithout the 1.0 T magnetic field in a log-log plot. This plot
midpoint is shifted towards lower temperature, ca. 80 K for aemphasizes that a break in the slopes occurs at 85 K, the
1.0 T field. critical temperature of the Bi-2212 phase. This should be

The thermal diffusivity has been measured as described iaxpected from our previous repértThe change in magni-
Ref. 29 and the technique is briefly recalled here. A rod igude is due to the sudden increase of the mean free path of
first cut out from one of the chemically characterized Bi-electrons belowl .. They are indeed less scattered by their
2212 pellets. One of the extremities of the bar is fixed to acounterparts since some electrons belong to condensed
heat sink, while the other is linked to a heater. Three therCooper pairs in this temperature range. Thus the visible de-
mocouples are set along the sample at equal distances frowation between the thermal diffusivity with and without a
each other. A heat pulse is sent through the sample from onaagnetic field shows that even a small magnetic fi@lé T
end and the change of temperature is recorded by one of theere markedly acts on thermal transport in the supercon-
thermocouples. This operation is renewed three timesjucting phase.
namely, once per thermocouple. The signals recorded by the The magnetic contribution to the mean free path can be
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100 A IR preted as resulting from a percolation process of heat carrier
through a complicated vortex stalé’ and further justifies
the analogy with the Azlamazov-Larkin laler heat carriers
in the mixed statat low fields. One might also wonder why
a 3D behavioriand exponentis found rather that the expo-
nent, i.e.,=—1.0, corresponding to a 2D behavior, since
Bi-2212 is expected to have an effective dimensionality
closer to 2 than 3. The argument stems from the anisotropy
itself. At the critical temperature itself, the coherence length
diverges and one expects a 3D behavior. When departing
3 from T, the effective dimensionality signature should appear,
1 thus leading here to a 2D behavior. However, this lasts as
long as the temperature is in the temperature range limited
) ) o by the onset of the true critical regime, i.e., the Ginzburg-
FIG. 3. Norma!lzed magnetic contribution of the mean free pathLevanyuk temperatuﬁel, and by the Lawrence-Doniach tem-
plotted as a function of the reduced temperature. perature, in anisotropic systerffsAway from the Lawrence-
Doniach temperature, up to the onset temperature, or at low
" temperature down to the temperature at which the coherence
Jength saturates, one should recover a 3D redimea. Bi-
Y12, this (Ginzburg-Levanyuk and Lawrence-Doniach
temperature range is estimated to be 50K,=4.1 meV*

lmag’lo

10
0.01

obtained from Eq(3). The results are shown in Fig. 3, i.e
Imag/lo versus the reduced temperature | T—T¢|/T;. No-

tice that some numerical smoothening data is necessary
order to reduce error bar propagation. It is seen that the no

mal|ze;jfvaltadtmagllo behlatveg ;S a power law with an ex- the exchange integral along tlieaxis. The data where the
por_:_?]n oun CI) et()aqu:a 00 d th t value it Ifexponent 1/2 is found are far away from the critical regime,
IS power faw behavior and the e>1<ponen value 1Sellang thus are a signature of the geometrical disorder intrinsic
remind us of the Azlamazov-Larkin |&#* for the paracon- .
L P X . : . to the polycrystalline system.
ductivity in its mean-field regime. The law is usually studied
between the onset temperaturg and T, thus aboveT...
However, the Azlamazov-Larkin law holds also beldwy IV. CONCLUSION
becausg of thg sc_aling hypothesis universality. The tempera- The mixed state of higfi~. superconductors still has to
ture region which is here above studied extends much below c

the critical temperature and the precision of the data figar reveal many features and to be understood. Electrical and
cannot be expected to lead to critical fluctuations stugerd transport properties contain the signature of the various vor-

tex phases, and to distinguish them is not so trivial. Here the

$6 but the mean-field exponent of superconductivity ﬂuctu""'rpagnetic contribution to the mean free path of heat carriers

tions might be probed. It can be shown that the same type a : .
contribution exists in the electrical\(r) and thermal A k) Ih a high-T, superconductor has been extracted in the low

paraconductivity>~3*With the trivial change of variables on field and neatf regions. It has been found to increase be-
the temperature axi¥,—0 andT,—T,, respectively, we low TC_ as a power law characten_zed by a 1/2 exponent. This
can writeA o~ A ~AC for the aorathecr,mal diffusivitythe behavior is linked to a percolation process of the electron

SRgTAKTA, P MUSIVIty scattering in the vortex network characterizing the mixed
A notation indicating in both cases the deviation from the

. . state. We should emphasize that the abdtemperature,
normal-state behavior. Remembering that field) conditions are not rather the usual ones for probing the

o2 mixed state. If the diffusivity were not so hard to measure, its
AagDzmg*“Z (4) sensitivity to physical phenomena would be a bonus for in-
teresting conclusions. Such a remark may suggest new ways
for a 3D type of fluctuatiori®3* and assuming that 1 T is a of probing and hence understanding ti&,T) phase dia-
low field such that the Azlamazov-Larkin law is still obeyed, gram.
we can from the amplitude obtain an estimate of the short-
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