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The specific heat of a single crystal OfYBa2Cu3O7 is measured from 40 to 150 K in magnetic fields up to 20
Testa applied either parallel or normal to the c axis, Adiabatic calorimetry with a scatter well below 0.1% is
used. The scaling of the superconducting transitions determines the bulk anisotropy ratio, 5.5±0.5. A Maki-like
term is observod at intermediate temperatures. The unusual behaviour of YBa2Cu3O7 in a field, featuring a
considerable smearing of the transition and an apparently lïeld-independent onset, may be qualitatively
understood at a phenomenological consequence of the small and anisotropic value of the coherence length
alone, using the relevant models of field-induced critical l-D fluctuations on one hand, and London-like regime
for the mean-field pan of the transition on the other hand,

1. INTRODUCTION

Two features distinguish the specific heat C. near Tc

of high temperature superconductors from that of
classic superconductors: the zero-field curves are
reminiscent of a \-type rather than mean-field
anomaly, suggesting a prominent role of
therxnodynamic fluctuations, and. in contrast to
Ginzburg-Landau predictions, the Cp peak broadens
and becomes rounded in a field, without being much
shifted downwards in temperature. In order to
provide more information on the latter phenomenon,
we have extended anisotropic specific heat
measurements on YBa3Cu3O7 to B/Bo2o(0)«0.2.
Results are presented in extended form in Ref. [I].

2. EXPERIMENTAL

The 0.13 g single crystal of YBa3Cu1O7 was
obtained by a «crystallization technique. The
adiabatic calorimeter is of the continuous heating
type. Errors on C resulting from the application of
magnetic fields are controlled to ±0.2% peak-to-
peak. The 20 T field was provided by a Bitter coil.

3. RESULTS AND DISCUSSION

Fig 1 shows the C- vs T curves close to Tc (0-20 T,
B//c, and 0-17 T1 BIc). Zero-field data were used to
decompose by a simultaneous least squares fit the
total specific heat into a lattice part Cph(T), a mean-
field electronic pan CnJ(B-O1T), ana a fluctuation
component Cfl(B»O,f). The first one was
parametrized by a phonon DOS with three Einstein
peaks, the second one by the two-fluid model, and
the third one by a Gaussian fluctuation term
appropriate for layered superconductors,
incorporating a smooth crossover from dimension 2
far from Tc to dimension 3 close to T0 [2]. The
standard deviation of the fit is ^C/T^lx lO' 6

J/gK2 mis, i.c. about 0.05% (40-205K, region 87-92
K omitted). The lattice specific heat evaluated in
this way is subtracted from the data in Fig. 2 and
Fig. 3. The fit determines <£^tb

2>m=6 5À
Fig. 1 shows that the evolution of the specific hear
curve in increasing fields is similar for both
orientations, with that exception that fields BIc are
about S.5 times less effective than fields B//c This
factor provides a simple estimate of the bulk
anisotropy without requiring a precise definition of
Te2(B). At lower temperatures, we observe a curve
crossing (Fig. 2) that is due to the growing Maki
mixed-state specific heat.
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Figure 1. Total specific heat C/T close Co Tc for B//c
(O, 2.5. 5. 7.5, 10, 15 and 20 T) and for BIc (0, 5.
10,15 and 17 T).

Figure 2. Electronic specific heat (6//c. 0-20 T),
lattice part removed, and prediction of the London
model for Bz1B1J(O)-0.0.1 and 0.2.

The reduction of the amplitude of the mean-field
specific heat jump may be qualitatively understood
as a consequence of the system passing directly from
the Donnai state to a London-like regime, as
suggested by the field dependence of the slope of the
magnetization curves M(T) [3]. In Fig. 2 we
calculated the specific heat at 8-0.1B62(O) in the
London approximation, using a parabolic law for all
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Figure 3. Electronic specific heat plotted against the
relevant scaling variable.

critical fields [I]. Keeping in mind that this mean-
field approximation cannot describe the transition
itself, we find some consistency with estimations of
Bc2c(0)*102T given in the literature [3].
The relevant Oinzburg criteria indicate that the
width of the critical region, which is of the order of
half a degree when B-O, increases by an order of
magnitude when a field of 15 T is applied. At the
transition and above, the fluctuation specific heat
(B//c) obeys a (TB)*20 scaling that is consistent with
a reduction of the effective dimensionality from 3 to
1 (Fig. 3). This behaviour is predicted by models
that take into account the fact that fluctuations can
develop only along the c direction when electrons
are confined to their lowest Landau level [4]. A
reduction of the dimensionality from 2 to 0 with a
(TB)'111 scaling is also compatible with data. The fit
of Fig. 3 determines (dB^/dT^^l.giO.S T/K.
Both effects, the validity of the London regime and
the importance of critical fluctuations in a field, are
purely phcnomenological consequences of the fact
that the coherence length is small and anisotropic.
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