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Dissymmetry of critical exponents in YBCO

We report on measurements of the specific heat of µg-size YBCO single crystals very close to the superconducting transition in zero field. Detailed data points are obtained down to reduced temperatures of 10 -5 . Analysis of the derivative of the specific heat yields the critical exponents in an unambiguous way. 𝛼 + is positive 0.5; 𝛼 -is negative -0.3. The value of 𝛼 + is consistent with Gaussian fluctuations above T c . However the value of 𝛼 -is inconsistent with either Gaussian fluctuations or the 3D XY model.

INTRODUCTION

Fluctuations are predominant in high Tc superconductors close to their superconducting transition. The 3D XY model predicts an exponent α+= α-= -0.007. Critical regime can vary from t = 0.1 -0.001. Gaussian fluctuations may also be observed. Therefore, the analysis of the derivative of the specific heat is valuable.

RESULTS AND DISCUSSION

The specific heat of five YBCO single cristals of mass typically 10 µg measured with a high resolution calorimeter described earlier [1] is shown in fig. 1. The well-known steady state technique is used in the range 60 -200𝐾. A bridge circuit is employed, allowing to reach a resolution of 0.5nJ/K. A relative resolution of 10 -4 is obtained at the superconducting transition (Tc ≈ 92K) using a temperature oscillation of 5 mK at 3 Hz. Data are taken every 5 mK in the range T C ± 0.2K, which allows a very fine analysis of the fluctuation regime in YBCO. Small size of crystal favors good oxygen content homogeneity. The optimal doping of δ = 0.92, give us a T C of 92.2K. Samples YBCO 1-3 are grown in gold crucibles; UBC 1-2 crystals are grown in Zirconia stabilized crucibles. All cristals are untwinned, except for YBCO-1. Earlier measurements show the high quality of those samples: 1st order flux lattice melting for YBCO 1 [2] and measurements of λ(T) for UBC [3].

Addendum contribution is subtracted from all the heat capacity curves. The remaining specific heat is considered being of phononic and electronic origin. The phononic term is determined from the total specific heat in the range 50-65K and 110-140K, assuming two Einstein phonon modes concistent with 3N modes/g at.

The superconducting transition is well defined in the best samples, both in terms of the height and the shape of the transition. We obtain excellent reproductibility for the height of the specific heat jump Δc = 11 ± 1 mJ/gK. The effect of twins is shown in fig. 2. Gaussian fluctuations result to divergent specific heat with α ≈ +0.5 in 3D. The divergence would he cut-off by the critical regime at t G (Ginsburg temperature) or by sample-dependent impurities at t D (Disorder temperature). Specific heat shows a rounded peak instead of a sharp rise at small values of t. Rounding is sample dependent and varies from 100 mK down to 20 mK. More than three data points are obtained in the rounded region, therefore rounding is due to sample quality and not measurement resolution. For the best samples, t D ≈ 10 -4 is related to a disorder scale of 0.2µm. This value is reasonably large for bulk samples and we believe that critical regime is not reached (fig. 3).

Fig. 3. Divergence cut-off due to impurities

In recent work [4], 3D XY scaling model described fluctuations in YBCO. In this model α is weak but negative, as opposed to the positive Gaussian exponent. With a negative α, the specific heat does not diverge but reaches a fixed point at T c with infinite slope. The height of the fixed point complicates strongly the fit procedure. A simple way to distinguish a divergence from a cusp is to consider the of c p [5]: in both cases, dc p dt ⁄ follows a power law, easily distinguishable in a log-log plot. The latter exponent is higher/lower than unity for a divergence/cusp respectively. T c is chosen at the middle of the rounded peak. The results are shown fig. 4. Indeed, the derivative follows a linear behavior in a log-log plot for both T > T 𝑐 and T < T 𝑐 in a temperature window 10 -3 < t < 10 -1 . We conclude from the slope that above T c , behavior is dominated by 3D Gaussian fluctuations with an exponent equal to 𝛼 + = 0.5, as reported earlier. Below T 𝑐 , behavior seems to be a cusp instead of a divergence with an exponent equal to α -= -0.3, much larger than the theorical predictions for 3D XY class 

CONCLUSIONS

The derivative analysis gives exponents less sensitive to the subtracted background. In order to obtain equal exponents, one should push the choice of T c to unreasonably high values, far away from the specific heat peak. Therefore, we conclude that the observed asymmetry in the critical exponents is intrinsic to YBCO, for the optimal T c composition studied here. This is incompatible with a large critical regime, which would give symmetrical exponents. Moreover, the low side value of 𝛼 is incompatible with the 3D XY critical model. These results point to a very unconventional fluctuation regime in YBCO for the studied composition.
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 1 Fig. 1. Heat capacity of 5 YBCO single cristals with masses 11-34 µg, together with addendum contribution.

Fig. 2 .

 2 Fig. 2. Electronic specific heat of untwinned YBCO-3 (crosses) together with twinned YBCO-2 (solid line). Superconducting properties are very sensitive to twins.
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 4 Fig. 4. Derivative of the electronic specific heat versus reduced temperature in diagram log-log.
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 5 Fig. 5. Sensitivity of the exponents to the choice of T c .
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