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The fluctuation contribution to London penetration depth A is calculated
in the Gaussian approximation. It occurs to be directly related with the
fluctuation correction tc specific heat and then may be observable in sin-

gle crystal of high—Tc superconductors.

Due to small coherence lengths the fluctuation effects in high—TC super-—
conductors are much more pronounced than in the usual superconductors. It
is revealed by conductivity 1 and, especially, by specific heat z measure-—
ments.” To our knowledge it is the first experimental observation of fluctu-
ation contribution to specific heat in bulk superconductors. Also, fluctu-
ations must affect the London penetration depth A and lead to the deviation
from the simple linear temperature dependence of A~2(T) near Tc. 1t siilsiinims
portant to note that in this case the fluctuation contribution to R'Z(T) is
not restricted to fluctuations of square of the modulus of superconducting
order parameter [w|2.

The general expression for free energy wvhich includes fluctuations is

B=1T Iln J exp( = H (W) /T } Dy, 1)
eff

vhere the effective Hamiltonian H o coincides (except unimportant renorma-
e

lization of critical temperature) with Ginzburg - Landau functional (see
e.g.a)
2. b 4 1 2ie 2 32
( = = e = Sy
H ., @) j{ a |y]® 3 ||+ S‘““x v, - 2240 v }d 7. )

Eok Her{(w) ve use the anisotropic mass approximation with: m > m_,m
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corresponding to the case of layered superconductors near Tc'

To calculate the functional integral (1) in the Gaussian approximation
ve put order parameter in the form y = Y + v vhere wz = [a|/b is the
equilibrium value of the order parameter at T < Tc’ and v, is due to fluc-

tuations (w1 << wo). Then
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6H ) = I{ 5 |a| [2|W1| AR ] + Z ZE: |(Vx = A | } da’r,
and the fluctuation contribution to the free-energy is

SH_, w, B
Ffl =-TIln I exp| = ———— le. 4)

The additional current due to fluctuations is

= - —, (5)

In type-II superconductors with # » 1, in the calculation of Ff and 3
wve may consider vector-potential X as a constant. Indeed, the characteris-
tic length scale for 1 46) change is of the order of A(T), whereas the
characteristic length scale for y(r) fluctuation is ¢ (T), and ¢ (T) € A(T).

Performing functional integration in (4) we have

Fer =~ : { e }. (6)
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After some calculations we obtain a simple expression for the London pene-
tration depth A;z = 4nJ‘/cA1 vhich take into account Gaussian fluctuations,
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vhere A”% = (8re’/m c®) |y|/b, t = (T -T)/T_, and Gi = 2T m_m_m_b>/(i2a)
0,1 i 3 (o [0 c123
is so called Ginzburg number

namely
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Note that although the London penetration depth is anisotropic, the rela-
tive contribution of fluctuations is isotropic. As follows from expression
(7), the temperature dependence of A”2(T) will have additional ~t'”? term
beside in addition to the usual linear form (~t).

The expression for specific heat including Gaussian fluctuations at T <

< Tc is (see e.g.4)

c(m = ac, [1 + /8L ], @®)

ACo = %/ ch = specific heat jump in mean field approximation. Comparing
expression (¥) and (8), we can see that the relative contribution of fluc-
tuation effects to A™2 is one third, as compared wvith that in the specific
heat.

Ve may estimate from the experimental data 2 the fluctuation region in
Y832Cu 0

3°7-6
region wve expect that the fluctuation contribution (7) to A™2 may be

as 3-4 K (i.e., Gi is of the order of some percent). In this

observed. The precise measurements of A"%(T) and C(T) dependences near TC
in single‘grystals of high—TC superconductors could reveal direct relation
(see (¥), (8)) between fluctuation contribution, to the London penetration
depth and the specific heat.

In the case of Josephson coupling of the layers the anisotropic Ginz-
burg - Landau functional (2) is applicable only in the immediate vicinity
of the critical temperature Tc' At lover temperatures two-dimensional fluc-
tuation regime is realized vith different temperature dependence of fluc-

tuation contribution to l_z.
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