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Abstract

We present measurements of the dc and microwave excess conductivity above Tc in anisotropic superconducting
cuprates and MgB2. When temperature raises well above Tc, both the dc and microwave excess conductivities drop
much faster than predicted by the well-established gaussian theory. We introduce a spectral cutoff in the calculation
of the finite-frequency fluctuational conductivity in order to suppress the contribution of high-momentum modes
at high temperatures. We find that our data are well described by the model for appropriate dimensionalities.

Key words: Fluctuations; paraconductivity; cuprates; MgB2

1. Introduction and theory

The study of the fluctuation conductivity (para-
conductivity) above Tc has been rejuvenated since
the discovery of high-Tc cuprates: high temperatures,
anisotropy, short coherence lengths contribute to en-
large the temperature range where fluctuation effects
are observable. As a consequence, the critical region
close to Tc and the small-fluctuations region far from
Tc become experimentally accessible. In this paper we
concentrate on the fluctuational paraconductivity at
high reduced temperatures, ε = ln(T/Tc).
The AC fluctuational conductivity has been calculated,
e.g., within the time-dependent Ginzburg-Landau
(GL) theory [1]. Introducing the uniaxial anisotropy
in the original calculations, in the limit of frequencies
ω � 1/τ (τ = τ0/ε is the GL relaxation time), one has
for the complex paraconductivity:

∆σg(ε, ω) � σdc,3D

[
1 − (ωτ)2

16
+ i

ωτ

6

]
(1)
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where σdc,3D = e2

32h̄ξz (0)ε1/2 and ξz(0) is the out-of-

plane zero-temperature GL coherence length.
It was found early [2] that, with increasing temper-
ature, the dc paraconductivity decreased faster than
predicted by Eq.1. A similar result has been reported at
microwave frequencies [3] in cuprates. This behaviour
has been attributed [4,5] to the fact that Eq.1 is the
result of a calculation near Tc, where the only relevant
fluctuations are those with momentum q →0. At high
T the full expression has to be considered. In 2D, this
has been shown [6] to be equivalent to set a momentum
cutoff qmax ∼ Λξ(0)−1. Extending the calculations to
a generic dimensionality D=1,2,3, and taking into ac-
count the frequency dependence, one gets within the
correlation-function formalism [7]:

∆σc,D(ε, ω) = σdc,D(ε)FD(Λ/ε,ωτ) (2)

The details of the calculations and the explicit expres-
sions of the complex functions FD can be found in
Ref.[7]. We stress that Eq.2 contains the single addi-
tional parameter Λ with respect to Eq.1. We now com-
pare our experimental results for the dc and microwave
conductivity to Eq.1, and to Eq.2.
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Fig. 1. dc excess conductivity in BSCCO (circles) and YBCO

(squares). Continuous lines: fits to the cutoffed expression,

Eq.2. 2D expression is used for BSCCO, and 3D for YBCO.

Parameters: ξz(0)=1.7Å, Λ=0.6 (YBCO); Λ=0.63 (BSCCO).

The gaussian expression would yield straight lines, as plotted

as an example for the 3D case (dashed line).

2. Experimental results and discussion

We have measured the dc resistivity ρ in a BSCCO
(2212) single crystal (Tc=86.2 K) and in a YBCO film
(Tc=85.8 K), and the real part of the resistivity in
YBCO (Tc=87.5 K) and MgB2 (Tc=31.7 K) thin films
at ω/2π = 48.2 and 23.9 GHz, respectively. All cuprate
samples were slightly overdoped. The dc resitivity was
measured by an accurate eight-terminal technique [8]
in BSCCO, and by four-probe configuration in YBCO.
The microwave (real) resistivity was measured with an
end-wall-replacement cavity technique [9], making use
of the thin-film approximation (valid above Tc). The
MgB2 film was small with respect to the end wall of
the cavity, resulting in an unknown scale factor, which
prevents from the determination of the absolute value
of ρ. However, the temperature dependence remains
unaffected.
In all cases, the fluctuation conductivity was obtained
by subtracting the normal state resistivity ρn, linearly
extrapolated from high temperatures down to Tc:

∆σexp =
1

ρ
− 1

ρn
(3)

In dc ∆σexp = ∆σ, while in the microwave measure-
ments there is an additional contribution from the
imaginary part of the excess conductivity, relevant
only very close to Tc (we have checked that above ε �
10−3 Eq.3 approximates Re{∆σ} to less than 5%). In
Fig.1 we report the dc excess conductivity in BSCCO
and YBCO as a function of the reduced temperature,
and in Fig.2 we report the microwave excess conduc-
tivity in YBCO and MgB2. Due to the unknown scale
factor, data in MgB2 are arbitrarily vertically shifted
(as a consequence, it is not possible to evaluate ξz(0)).
It is immediately seen that in all cases no simple
power laws appear, as would be predicted by the gaus-
sian calculations also at microwave frequencies since
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Fig. 2. Excess conductivity at 48.2 GHz in YBCO (squares)

and 23.9 GHz in MgB2 (triangles). Dashed lines: fits to gaus-

sian expressions. Continuous lines: fits to the 3D cutoffed ex-

pression, Eq.2. The fit is not much sensitive to τ0 , since ωτ �1

for ε > 10−2. The BCS value, τ0 = h̄π
16kBT , has been used.

Parameters: ξz(0)=1.8Å, Λ=0.74 (YBCO); Λ=0.74 (MgB2).

ωτ � 1 not too close to Tc. We then fitted our data
with the cutoffed expressions, Eq.2. The results of the
fits are reported in the figures as continuous lines.
Gaussian predictions are reported as dashed lines. For
ε not too small, it is found that for BSCCO the best
fit is obtained with a 2D, cutoffed expression [6], while
for YBCO and MgB2 a 3D, cutoffed calculation yields
the best fit for either the dc and the microwave data.
In conclusion, we have shown that the excess conduc-
tivity in several anisotropic superconductors decreases
faster than the gaussian prediction at high reduced
temperatures. The introduction of a momentum cutoff
in the calculation of the excess conductivity gives a
very good description of the data.
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