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IMPURITIES IN UBe~3 

J L SMITH, Z F1SK, J O WILLIS,  H R OTT*, S E L A M B E R T  + , Y D A L I C H A O U C H  ~ 
and M B M A P L E  + 

Materials Science and Technology Dw~ston, Los Alamos Nattonal Laboratory, Los Alamos, NM 87545, USA 
* Laboratonum fur Festkorperphys~k, EMgenosstsche Techmsche Hochschule Honggerberg 809~ Zurich, Swazerland 

Department of Phystcs and Institute of Pure and Apphed Phystcal Sctences, University of Cahforn~a, San Dtego La Jolla 
CA 92093, USA 

Gadohmum Impurities m UBeI~ depress the T~ at an mmal rate of - 0  40 K/%. whde m Tho o2.~U, 9v~Bet~ the mmal 
rate is only - 0  19 K/% This strongly suggests two different superconducting states Further data on thormm depressions 
and crmcal fields are presented 

Thortum tmpurlttes, which substitute on the 
uramum sites, m the heavy-fermton supercon- 
ductor UBeta lead to a non-monotomc depres- 
sion of 7~ [ l ]  In the anomalous region, for 
1 7 5 % < T h %  <6% , a second heat capactty 
feature shows up at a temperature below the 
superconducting transmon [2] This has been 
interpreted both as an antfferromagnet~c tran- 
sition [3] and as a transition between two 
different amsotroplc superconducting states [4] 
In thts latter paper, Joynt et al propose a phase 
dmgram for ThxU~ ~Be~ that contains three 
superconducting phases Whde the uncertamty 
over interpretation of the second transition m the 
thormm-doped materml continues, we dec~ded to 
investigate by the more common measurements 
on superconductors whether at least two d,fferent 
superconducting phases could be demonstrated 
(A and B m ref [4]) Thetr existence ts only 
possible m an exotic superconductor Indeed, 
very ddferent pressure dependences were sub- 
sequently observed m the two dtfferent regions 
[5] It was noted m ref [1] that there was httle 
d~fference m Tc depressions for magnetic and 
non-magnetic rare earth impurmes We have 
now invest,gated this for gadohmum and also 
have looked at the effects of gadohnlum in both 
superconducting regions of the thortum-doped 
systems We have made prehmmary critical field 
measurements as well 

For all of the results reported here, we 
measured polycrystalhne samples that we pre- 

pared by arc-meltmg as described m ref [1] 
Fig 1 reproduces earher data on T~'s m 
ThxU~_xBe~ [1,6] and includes data on all 
samples that we have made m the concentratton 
range of particular interest Many of the pomts 
represent only the h~ghest T~ found m many 
measurements of dtfferent pteces of the same 
sample We beheve that the increased scatter 
around the relattve minimum at 1 75% Th is a 
reflection of the sensmvtty of the prect~e cross- 
over between the two superconducting phases to 
the homogeneity of the samples The dtfference 
m thorium concentratton between many of the 
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Fig 1 The superconductivity onset temperatures of various 
~mpunty concentrations m UBel~ plotted as a funcuon of per 
cent replacement on the non-beryUmm atomic sttes 
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samples is only a few parts m 105 We have now 
also confirmed the depth of this minimum (0 5 K) 
by heat capacity measurements  

The  gadohnium depression curve In fig 1 falls 
between those of lutetium and lanthanium taken 
from ref [1] A few samples prepared for E P R  
measurements  [7] containing less than 0 5% of 
Dy and Er  fall in between the lutetium and 
gadohnmm curves This gadohnlum depressmn zs 
a remarkably  slow one for any superconductor  [8] 
and strongly suggests a non s-state pairing In- 
deed, all of the depression data we have taken for 
the 4f-electron elements (except cerium) can be 
correlated with only a consideration of the lattice 
paramete r  changes and is independent  of 4f 
magnetic  moments  This is also consistent with 
non s-state pairing 

To  investigate the question of another  super- 
conducting phase for T h %  > 1  75, we pre- 
pared samples of the form Gd~ 
(Tho 0 2 9 0 0 ± 0  00003 U0971)l-xBel~ The Tc's for 
these, where we are clearly in the B phase of ref 
[4], are shown in fig 1 The  depression rate is 
much lower than for pure U B e ~  The  dTddx at 
x = 0  is estimated to be - 0 4 0 K / %  for pure 
UBel~ and - 0  1 9 K / %  for 2 9 %  Th doping 
This cannot  be explained by lattice parameter  
changes because gadohnium yields almost no 
changes m UBe13 compared  to the other Im- 
purities [1,6] Disorder or density of states 
arguments  seem unhkely explanations m light of 
all of the data m the figure The  best explanation 
is that there are indeed two different super- 
conductors  separated by the l 75% Th mini- 
mum, as is also concluded from the pressure 
effects [5] Critical field measurements  are 
needed to clearly sort out magnetic  effects m the 
Th  2 9% samples from other posslbflmes 

Fig 2 shows a prehmlnary He2 measurement  
o n  G d o o l o U o 9 9 0 B e 1 3  as  well as those for U B e l 3  

[9] and Thoo3sUo967Be13 [10] Very different 
behavior  is observed in these cases illustrated by 
the data The  H~2(T) curve for UBel3 IS 
anomalous in several respects First, the large 
value of the electron effective mass is reflected in 
the enormous  initial slope (-dH~2/d T ) r ,  As the 
applied field H increases, strong curvature  of 
H~e(T) is observed,  followed at higher fields by a 

hnear var latmn with tempera ture  A sattsfactory 
explanation for this unusual behavior  has not 
been presented Substitution of 3 31% Th and 
1 02% Gd for U in UBe13 suppresses Tc to 
approximately the same value when H = 0 The  
shape of Hce(T) is unchanged by the presence of 
thormm impurities, but is strongly altered in low 
fields by gadohnlum impurities In particular, the 
inmal slope is considerably reduced,  and the 
strong curvature  seen m low fields in the other 
data is not present An analysis of data for several 
gadohnlum concentrat ions up to x = 2% using 
the conventional  theory of type II  superconduc-  
twlty shows that the behavior  m low fields can be 
explained [11] by the influence of the magnetized 
gadohmum spins on the conduction elec- 
tron spins For H ~ > 1 0 k G ,  the gadohnlum 
moments  are completely ahgned by the applied 
magnehc  field, and the behavior  character-  
~StlC of pure UBel3 is recovered  Measure-  
ments on the Gdx ( T h o o 2 9 U o 9 7 1 ) t  x U B e 1 3  

samples are in progress 
G a d o h n m m  spins have remarkably  little effect 

on this heavy Fermion superconductor  and lead 
to a strong suggestion that there are at least 
two different superconducting phases in the 
ThxU1-xBe13 system This is more ewdence  for 
unconventional  superconductwlty  [12] 
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Fig 2 The superconductmg crmcal fields for three materials 
with the superconducting temperatures taken from the 10% 
onset of the ac susceptibility transitions for Gdo o t Uo 99Bet3 
and the mid pomt of the resistive translhons for the other two 
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