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Inductive response of polished, single crystal of UPt3 

P.J.C. Signore "'*, M.W. MeiseP, S.E. Brown b, Z. Fisk ¢ 

"Department of Physics mid Center.lbr U/traitor Temperature Research, University t~/" Florida. Gainesville. FL 32611. USA 
b Department of Physies. University of California at Los Angeles. Los Angeles, CA 90024. USA 

Los Alamos National Laboratory. Los Alamos. NM 87545. USA 

Abstract 

Our earlier work on the inductwe ~,sw, nse of single crystals of UPt3 revealed a difference between the low frequency 
(31.7-317 Hz) and the radio frequency (RF) (3-16 MHz) temperature dependence of the susceptibility for T/T,  < 0.5. 
After carefully polishing the surface ef the crystals (defect size < 0.3 pro), RF measurements have been repeated, and the 
results are dependent on the surface conditions. 

1, Introduction 

Many experimental studies have raised interesting 
challenges about the nature of the superconducting state 
in the heavy-fermion system UPts [1]. One of the impor- 
tant parameters that can be investigated is the magnetic 
field penetration depth, L(T), which provides information 
about the superconducting ground state. For  example, 
a completely gapped Fermi surface would lead to the 
usual behavior where the change in LIT) is AMT)~  
exp( - A~ T) in the low-temperature limit. Alternatively, 
a superconductor possessing nodes in the gap structure 
would have AZ.(T) ~ T", where n is a number of order 
unity that depends on the crystallographic direction be- 
~,.~ ct,iAioA .~ncl ih~ ~vrnrnotrv of  the  ~nperconductine 

state [2]. 
Several groups have measured ~,(T) in UPt3 using 

a variety of techniques and have obtained different re- 
sults [3-6]. In our previous work [7], we measured ~.(Ti 
over a broad frequency range 131 Hz 16 MHz) using 

* Corresponding author. 

inductive methods for H:< Ii c. Briefly, the low-frequency 
response, obtained with a mutual inductive technique, 
showed a linear dependence of A?~tTI for T..T, < 0.5. On 
the other hand, the RF response, obtained with a reson- 
ant tank circuit, gave a temperature dependence of AZ.(T) 
close to T 2 for T/Tc < 0,5. The analysis of our RF data, 
along with resistivity measurements performed on our 
samples, allowed us to extract ~.(0) ~ I-2 gm. 

We have extended this work by making similar 
measurements on polished single crystals, and in this 
paper, we report our preliminary RF measurements of 

A~.tT). 

,i'i. ~ i l l i l l l ~ l l l ~  ~lllll i~pidil I L I v q I  

Scanning electron microscope (SEM) pictures of our 
etched, but unpolished needles [7] indicated that surface 
roughness of the order of 2 p.m was present. Since 
k!T--, 0) was also a few microns, we anticipated that 
surface quality was playing a role in ocr measurements 
for T/Tc < 0.5. With this in mind, we carefully polished 
our samples using very fine paper of 0.3 gm grating. The 
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Fig. I. A/;:f versus T 4 for T/T~< 0.5 and f =  1.9 MHz (o), 
f =  6.7 MHzIA) and.f= 34.4 MHz ( + ). 

samples were mounted on a brass holder and reoriented 
to polish each of the six facets independently. After pol- 
ishing, SEM pictures confirmed a much improved surface 
smoothness, with defects less than 0.3 lam. It is important 
to note that the polishing did not affect To, contrary to 
other groups findings [2, 8]. 

3. RF measurements of A2.(T) 

The results of our RF measurements are shown i, 
Fig. 1 for the three different frequencies used, wher~ 
Af/f  = [./10) - , / I  T)},//i In all cases, the background tem- 
perature dependence, which was determined in the ab- 
sence of the specimens, was small ( < 10%} and subtrac- 
ted from the data. After polishing, the temperature de- 
pendence of Ak(T), which is proportional to Af / f [7] ,  is 
approximately T 4 for f =  1.9 MHz and f =  34.3 MHz, 
and closer to T 3 for f =  6.7 MHz. This differs from the T 2 
dependence found prior to polishing for f =  3 MHz and 
. f=  16 MHz [7]. 

4. Discussion 

investigating the frequency dependence of k(T) is mo- 
tivated by the possible existance of an additional energy 

scale which plays a role in the pair breaking of the 
quasiparticles. For a conventional BCS superconductor, 
the energy gap (A0 or To)is the only relevent parameter. 
AC measurements, with frequencies lower than Tc 
(10GHz  for UPt3) should give results similar to 
DC measurements. One expects this to hold true even 
for superconductors with gap nodes for temperatures 
such that .f,~ T,~ T~, where f is the measurement fre- 
quency (in our case f,- ,  10 MH z  ,-, 0.5 mK) [9]. In this 
context, Putikka et al. [9] proposed a new energy scale 
:esponsible for a frequency dependence in our temper- 
ature regime. Their motavation was to reconcile the DC 
measurement of Ref. [3], which reported AL(T) ,,- T 2, 
and the RF measurements of Ref. [4], which indicated 
A~.(T) ~ T 4. 

Our new results suggest a very strong surface quality 
dependence for ~.(T) inductive measurements. This 
observation motivates a more complete investigation 
especially at lower frequencies. Unfortunately, the 
polishing procedure reduced the cross-section area of 
the specimens and thereby reduced our signal to noise 
ratio. In the case of the mutual inductance experiment, 
this decrease was sufficient to keep us from extracting 
A~.(T) for T/T~ < 0.5. The recent installation of an RF 
SQUID on our dilution refrigerator should allow us to 
perform this experiment with high sensitivity. Conse- 
quently, we will present a complete picture when we 
conclude our low-frequency studies on these polished 
samples. 
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