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Ginzburg-Landau Theory of Specific Heat Anomaly of High—-T. Superconductors
in Magnetic Field o

S.B. Ota, K.K. Nanda and S.N. Behera
Institute of Physics, Sachivalaya Marg, Bhubaneswar -751005, India.

The change in specific heat by the application of magnetic field (B, ~ 1 T) in the case of
the high—T, superconductors is examined phenomenologically by the Ginzburg-Landau theory
of anisotropic type-1I superconductors. The observed large reduction of specific heat anomaly
just below the superconducting traasition is explained quantitatively. We have obtained tke
expression for the change in specific heat in a magnetic field (AC) for any general orientation of -
B, with respect to the crystallographic c—axis.. We also present the result for a polycrystalline
sample. AC is shown to be linear in (B, /T)[t/(1 = t)] for temperatures slightly below T..
where ¢ = T/T.. The slope of this finecar behaviour is found to be related to the anisotropy of

the effective mass.

1.INTRODUCTION

The origin of the unusual magnetic field
dependence of specific hicat in the high-T.
superconductors (H'TSC) has been the sub-
ject of several recent investigations. Experi-
ments on HTSC show that the specific heat

anonialy near the superconducting trausition

temperature T, is reduced in amplitude with
negligible downward shilt in temperature by
the application of magnetic field B;(~ 1T)
[1-5]. The above wentioned behaviour is dis-
tinetly different [rom the conventional type-11
superconductors. It was shown recently that
the unusual magnetic field dependence of the
specific heat anomaly in HTSC can arise due
to a very general reason on the basis of 3-
dimensional description of the phenomeno-
logical Ginzburg-Landau (GL) theory of

anisotropic type-1I superconductors [6]. The
field dependence of the specific heat for B, ||
c—axis and B, L c—axis could be explained
quantitatively by the phenomenological GL-
theory. The anisotropy in the “field depend-

ences” was shown to be directly related to 162
anisotropy  of  the
v = (me/m )t Here, m. and m,, ar-
thie components of the dimensionless effocsiva
mass tensor parallel and perpendicular to h.-
c—axis, respectively. '

cffective  miass

2. PHENOMENOLOGICAL THEORY

The II'TSC are extreme type-11 supercaz-
ductors with the GL-parameter of the orzzr
of- 10%. For B, ~ 1 T, these superconc:a-
tors remain in the mixed state. It was a:--
gued that the GL-theory in the London lim::
is the appropriate description of this mixed
state for B, ~ | T and temperatures up tc
fraction of a Kelvin below T, [6]. Here, we
make use of the anisotropic formulation of
the London limit developed by Kogan and
coworkers [7,8], although there is limitation.
as has been pointed out recently [9]. Using
this formalism Reeves et al. [10] has obtair.ed
the following approximate form of H:



»

H = £+ am'*\-%In(Bg,/B). (1)
Ha
where m = mgpsin?d + m.cos?d, A, is the
mean penetragon depth A, = (A2, A:)1/3, and
a = ¢o/87p. 6 is the angle between the
c—axis and k Proceeding in the manner
as given in rderence [6], the change in spe-
cific heat by tie application of magnetic field
AC = C(0,7) = C(Ba, T) can be shown to
be given by:
B 2am!'/? ¢

AC= TR0 (1-0

+ O[(

- (2)
m. .
Here t = T{T.. We can replace 3 by
B, = poll inZq.6 by noting that the magne-
tization in themixed stateis very small com-
pared to B,. This gives AC for any general
orientation of B, with respect to the c—axis.

The term ol @eorder of (L/X, ) is negligible:

and also notreliable [G]. We can therefore,
ignore it.
We next eunine Lhe polyeryst: alline case.

In several ingauces, preparation process of

the HTSC renits in preferential orientation
of the c—axis Jere. however. we assuine ran-
dom orientaten of the grains in the polycrys-
talline samplkand carry out the average over
aspherical slell as used by Reeves et al. [10]
to obtain:

t a®
TENS G

L Ba
< AN >= T,

-1)

-1)
(4)
It is seen fromEq.3 that AC increases rapidly
as T — T, wheh gives rise to the observed ve-
duction in thramplitude of the specific heat
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anomaly. We note that < AC > is linear in
(Ba, T.)[t/(1 =1)]. The slope of this linearity
is reiated to the anisotropy of the effective
mass. It is therefore, possible to get reason-
able estimates of 5 from the specific heat
measurement in magnetic field on polycrys-
tallire HTSC. We analyse the specific heat
datz for polycrystalline Y Ba,Cu30; taken
in a field of 7 Tesla by Plillips et al. [1].
The iata is obtained from fig.3 of this ref-
erenzz. < AC > versus (B, /Tl = 0)] s
then least squares fitted to a straight line for
0972 < t < 0.983. Here T.=91.2"K
We ostain the anisotropy ol effective mass to
be & .0 by taking X\, (0)=2066 A [6]. This
vithie- ol is 1o reasonable agreement with the
earter reported value [5].
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