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ANISOTROPY OF SUPERCONDUCTING PROPERTIES OF UPt 3 CLOSE TO T¢ 

Z. Koziol, K. Bakker, A. de Visser and J. J. M. Franse 

Van der Waals-Zeeman Laboratorium, Universiteit van Amsterdam, 
Valckenierstraat 65, 1018 XE Amsterdam, The Netherlands. 

Experiments have been performed on the unconventional superconductor UPt~ close 
to T c. Topics that have been studied are: the double-step transition an the spe- 
cific heat, the anisotropy in the enhanced conductivity above T c and the low 
field ac susceptibility. A double-step structure has been observed in X(T} as 
well for the ac field parallel to t~e c-axis. The low field penetration depth 
k varies with temperature as (Tc-T)" with @ close to 1. These observations may 
be interpreted as a result of an interaction of the measuring current with 
vortices. 

i. INTRODUCTION. 

The anisotropic properties of the su- 

perconducting state in UPt 3 have been 

noticed in a number of experiments: ul- 

trasound attenuationl,thermal expansion 2, 

radio-frequency susceptibility. Signifi- 

cant anisotropies have been reported for 

the first 3 and second critical field 4. 

However, some disagreement between the 

different results for the electrodynamic 

properties can be noticed. In order to 

further investigate these properties, 

measurements of the resistivity and ac 

susceptibility have been carried out on 

single-crystalline samples. 

2. EXPERIMENTAL DETAILS. 

Results are reported for two samples 

prepared by the Czochralski method 5, ob- 

tained from the same batch and labeled A 

and B. The largest dimension for sample A 

and sample B is along the c and b crys- 

tallografic directions, respectively. The 

current in the resistivity, and the field 

in the ac susceptibility measurements 

were applied along the longest edge of 

each sample. The specific heat has been 

measured by a relaxation technique° The 

results shown in Fig. l are slightly dif- 

ferent for the two samples.The onset tem- 

perature of the superconducting transi- 

tion is the same and in both cases a 

trace of the two-step transition can be 

noticed. 

3. RESULTS AND DISCUSSION. 

The temperature dependence of the re- 

sistivity, p=Po+AT 2, typical for heavy- 

fermion systems is observed above Tc,with 

po=1.35 and 0.70 ~cm and A=1.65 and 0.69 

~ncm/K 2 for samples B and A, respective- 

ly. A feature not reported so far, is the 

pronounced difference in the superconduc- 

ting transition width for both current 

directions. It is possible to use a 
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Figol: Specific heat for single crystal- 
line UPt 3 in a plot of C/T vs. T. 

simple power law to fit the temperature 

dependence of the enhanced conductivity: 
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Fig.2: Resistivity for currents flowing 
along the b- and c-axis. 

aa=G-Gn~(T-Tc)-TFor sample A the exponent 
7 is between 4 and 5. We can not exclude 

that the broadening is caused by inhomo- 

geneities. 
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Fig.3: The complex ac susceptibility (in 
units of 1/49) for field direction paral- 
x=± Lu the b- and c-axis. 

The ac susceptibility has been measured 

with a frequency of I000 Hz and a field 

amplitude of 0.35 Oe. Althogh we observe 

some frequency dependence of x, essen- 

tially the same results are obtained at 

much smaller frequencies. A very huge 

anisotropy of the ac susceptibility is 

illustrated by the results displayed in 

Fig. 3. Additionally, for sample A a 

double-peak structure in X''(T) is ob- 

served; the two maxima correspond well 

with the double-step transition in C(T). 

At lower temperatures the ac susceptibi- 

lity is found to be independent of the ac 

field amplitude: this is manifested in 

independence of x'' on temperature, below 

a certain temperature that depends on the 

ac field amplitude. The penetration depth 

deduced from X'(T) under the assumption 

that the susceptibility can be approxima- 

ted by that of a long cylinder, implies 

that the sample is not in the pure 

Meissner state: ~ varies with temperature 

as (Tc-T)-$with $ close to i. The results 

suggests the presence of vortices inter- 

acting with the measuring current. 

4. CONCLUSIONS. 

Strong anisotropies are ebserved in 

the electrical resistivity and in the ac 

susceptibility of UPt 3 single crystals. 

The double-step SC transition in C(T) is 

also visible in x(T) for fields parallel 

to the c-axis. The results are qualita- 

tively consistent with the assumption of 

a spontanuous vortex states in the 

sample. 
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