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Recent results of experimental studies on the thermodynamic and transport properties of the heavy-fermion superconductor 
UPt 3 are reviewed. These studies include high-magnetic-field and high-pressure experiments in the normal and superconduct- 
ing states as well as alloying effects on the normal- and superconducting-state properties. The low-temperature properties of 
UPt 3 are unusual and no satisfactory description in terms of crystal-field effects, spin-fluctuation phenomena, antiferromag- 
netic order, singlet or triplet superconductivity can be offered. 

1. Introduction 

The existence of spin fluctuations and superconduc- 
tivity in the compound UPt  3 has strongly intensified 
the interest in the intermetallic uranium compounds. 
The study of both phenomena in this class of com- 
pounds started in the late sixties and the early seventies. 
Magnetism and superconductivity not always had a 
good reputation in these materials. The superconductiv- 
ity of pure uranium [1] and the magnetic order of UPt 
[2,3] may serve as examples. Preparation techniques, the 
state of stress, the amount  of oxides, all have their 
impact on the measured quantities. In those early stud- 
ies lattice parameter considerations were thought to 
provide a hint where to observe superconductivity and 
in which compounds magnetic order was likely to be 
found. We now realise that the systematics of the early 
Hill plot is accidental [4] and that magnetic order and 
superconductivity in the uranium intermetallics is not 
governed by a single parameter as the distance, du_ v ,  

between neighbouring uranium ions. Hybridisation be- 
tween the uranium 5f states and the s, p or d states of 
the second element prevents localisation of the 5f elec- 
trons and may induce superconductivity in compounds 
at the wrong side of the Hill limit (3.5 ~,, approxi- 
mately). A prominent example nowadays is UPt 3 with 
du_ U = 4.13 A. The unexpected discovery of its super- 
conducting properties has been set down in a report of 
the Los Alamos group [5]. Since UPt 3 was already 
known to be a candidate for a spin-fluctuation com- 
pound [6,7], large interest arose in this material, not at 
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least because good-quality single crystals could be pre- 
pared as whiskers, under suitable conditions sponta- 
neously growing from the melt [8], as small needles from 
a bismuth flux [9], or as bulk material from the melt by 
the Czochralski method [10]. 

In table 1 we present a survey on superconductivity, 
spin fluctuations, magnetic order and crystal-field ef- 
fects of intermetallic compounds of uranium with Fe, 
Co, Ni, Pd and Pt. As we mentioned in a previous 
publication [4], magnetic order and superconductivity 
do not frequently occur in the intermetallics of uranium 
with d-transition elements. Whereas, in general, super- 
conductivity is found in the uranium-rich and magnetic 
order in the uranium-poor compounds, the reverse is 
true for the uranium-pla t inum system. The low T~-val- 
ues in the superconducting compounds in table 1 are 
accompanied with relatively large values for the deriva- 
tives of the upper critical field to the temperature near 
~ ,  of the order of a few tesla per kelvin, see refs. 
[12,14,19]. For U6Fe, Pals et al. [11] provided strong 
experimental evidence from tunneling experiments that 
superconductivity in this compound is of singlet type. 
The large y-value and the heavy mass of the pairing 
electrons of about 200 times the free-electron mass in 
UPt  3, however, are so unusual that the possibility of 
p-wave pairing of the superconducting electrons cannot 
be excluded [20]. 

In one of our previous publications [19] we presented 
a survey of experimental data available at that time on 
spin fluctuations and superconductivity in UPt 3. In the 
present work we emphasize the problems that are en- 
countered at classifying UPt 3 in terms of crystal-field 
effects, antiferromagnetism, spin fluctuations and sing- 
let or triplet superconductivity. 
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Table 1 
Superconductivity (1), spin fluctuations (II), magnetic order (llI) and crystal-field effects (IV) in intermetallic compounds of uranium 
with group-VIII d-transition elements; values are given for the coefficient, 7, of the term in the specific heat linear in temperature, for 
the (high-field) susceptibility, X, at 4.2 K, for the superconducting transition temperature, T~, for the spin-fluctuation temperature, T,f, 
as determined from the logarithmic term in the specific heat at low temperatures, for the magnetic ordering temperature, T~ or T N, 
and for the energy splitting between the lowest crystal-field levels, expressed in Td; 7 in mJ/K2molU, X in m3/molU and 
temperatures in K 

Comp. Type ~ X x 109 X/X(7 )  T, T~f T,.,T N T¢r Ref. 

U6Fe l 25 38 1.5 3.86 12 
UFe 2 Ill 45 29 3.7 160 13 
U6Co I 21 34 1.6 2.3 14 
UCo 2 II 35 17 2.8 18 13 
U2COl i I II 360 15 
U~Ni t 0.5 16 
UNi 2 lIl 65 14 1.2 27 13 
UPd~ IV 10 160,300 ~ 24,164 b 17 
U P d  4 Ill 10 18 
UPt Ill 110 47 2.5 19,27 ~ 13 
UPt 2 77 51 3.8 6 
UPt 3 I 422 57, 107 a 1.5 0.5 26 d 19 
UPt 5 85 34 2.3 6 

I[ and 3_ c-axis, resp. 
b quasi-cub, and hex. sites, resp. 

differing ord. temp. exist 
a see also table 2 

2. Normal-state properties 

Experiments  on the normal-s ta te  propert ies  of UPt  3 
include thermal  and  elastic propert ies  (specific heat  
[7,9,19,21], thermal  expansion [22], elastic constants  
[22,23]), magnet ic  propert ies  (susceptibili ty [19], high- 
field magnet isa t ion [24] magnetores is tance [25]) and  
t ranspor t  propert ies  (electrical [26] and  thermal  [27] 
conductivity,  thermopower  [27]) besides XPS [28], pho-  
toemission [29-31], reflectivity [32], synchrot ron  radia- 
tion [33] and  neut ron investigations [23,34]. D H v A  ex- 
per iments  at 1.5 K in fields up to 40 T along different  
crystal directions prove to be not successful [19] jus t  as 
N M R  measurements  are not. Susceptibility measure- 
ments  below room tempera ture  have been performed 
along different crystal lographic direct ions and for a 
polycrystall ine sample between 300 and  1000 K [7], see 
fig. 1. The anisotropy in the susceptibili ty between 
direct ions parallel and  perpendicular  to the hexagonal  
axis as well as the max imum in the susceptibili ty that  
occurs for field directions in the hexagonal  p lane  have 
some resemblance with the crystal-field compound  PrNi 5 
[35]. Extending this resemblance and considering within 
the L - S  coupling scheme the ground state to be 
3H4(U4+ ) as is also suggested for U Pd  3 [17], one 
deduces from the susceptibili ty data  a value for the 

crystal-field pa ramete r  B~ ) of 7.0 K, quite close to the 
value of 5.82 K for PrNi 5 [35]. The  effective momen t  
tha t  follows from the susceptibility data  below 300 K 
amount s  to 2.6/~ B and does not  exceed a value of 2.9/~ B 
at temperatures  up to 1000 K, clearly deviat ing from 
that  of the most  p robab le  5f 2 (3.58/~B) or 5f 3 (3.62~aB) 
conf igurat ions  and as such an indicat ion of a large 
overall  crystal-field splitting. In case of UPd  3 a value of 
2.8#B has been reported for the tempera ture  interval 
70 300 K [36]. Magnet isa t ion  curves at 1.5 and  4.2 K 
for UP t  3 reveal non-l ineari t ies  above 10 T for field 
direct ions in the basal  plane, resulting in a peak in the 
differential  susceptibili ty at 20 T [19,24], see fig. 2a. At 
nearly the same value for the componen t  of the field in 
the basal p lane the magnetoresist ivi ty has a sharp maxi- 
mum [19,25], see fig. 2b. The positive magnetoresis tance 
and  its peak at 21 T remind to some type of antiferro- 
magnetism. The initial field dependence  of the magneto-  
resistivity, however, is certainly not  quadratic.  More- 
over, the magnet isa t ion  curves are not  compat ible  with 
a simple type o f  ant i ferromagnet ic  order [7]. Again, 
crystal-field effects do not seem to be inconsistent  with 
these high-field data. Finally, the thermal  expansion is 
strongly anisotropic in UPt  3 with extrema in the l inear 
thermal  expansion coefficient along the different crys- 
tal lographic axes between 10 and 15 K [19,22]. The 
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Fig. 1. The susceptibility, X, of UPt 3 between 1.5 and 300 K for a single-crystalline sample along the a-(C)), b-(,',) and c - ( + )  
directions (a) and the inverse susceptibility, X-  1 between 300 and 1000 K for a polycrystalline sample (b); the value for the effective 
magnetic moment derived from these curves ranges from 2.6~B (below 300 K) to 2.9#B (between 700 and 1000 K); full lines in (b) 
represent the effective moments 2.54ffB (5f I ), 2.68/L B (5f 4), 3.58p, B (5f 2) and 3.62ffB (5f 3); data from refs. [7,24]. 
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Fig. 2. The high-field maximum in the differential susceptibility along the b-axis at 4.2 K (a) and the magnetoresistivity with the 
current along the c-axis and the field parallel (4.2 K, E3) and perpendicular (4.2 K, C); 1.5 K, zx) to the hexagonal axis (b) of a 
single-crystalline UPt 3 sample; the maxima in the susceptibility only occur at low temperatures for field directions in the hexagonal 
plane; maxima in the magnetoresistivity are observed at low temperatures for all current directions at a value of 21 T for the 
component of the field in the hexagonal plane; data from refs. [24,25]. 
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temperature at which these extrema are observed as well 
as the values for the thermal expansion coefficients 
along and normal to the hexagonal c-axis are again very 
similar in UPt  3 [22] and PrNi 5 [37]. 

Irrespective of this fairly large amount of evidence 
for crystal-field effects playing a dominant  role in UPt  3 
we have to discard this possibility on the basis of the 
low-temperature thermal properties. In particular the 
specific heat does not provide any argument to consider 
a level scheme with a splitting between the lowest levels 
of the order of 25 K as in case of PrNi 5, since no 
Schottky peak could be noticed for UPt  3 below 30 K. 
Instead, a logarithmic term at low temperature is ob- 
served together with an enhanced value of 422 m J /  
KZmol for the coefficient of the linear electronic term. 
A remarkable feature is the weak field dependence of 
the specific heat below 20 K down to the lowest temper- 
atures. The low-temperature thermal expansion is also 
inconsistent with a crystal-field type of description, 
because of the large upturn in the a / T  vs. T 2 plot at 
low temperatures, see fig. 3. The Gr~neisen parameter 
that is proportional to the ratio of the thermal expan- 
sion to the specific heat, exceeds its usual value of about 
2 by almost two orders of magnitude [22] and reflects 
the strong coupling between the lattice and the spin- 
fluctuation phenomena. High-pressure experiments on 
resistivity [26,38] and susceptibility [39] in the normal 
state point to a strong depression of spin fluctuations 
with pressure and yield a value for the relative pressure 
dependence of the characteristic temperature for spin 
fluctuations of 25 Mbar  -1. Subsequent forced magneto- 
striction measurements [40] support this result and show 
that it is only the basal plane susceptibility which ex- 
hibits these large pressure effects. For  a field direction 
along the hexagonal axis the pressure effect on the 
susceptibility is at least one order of magnitude smaller. 
The value for the characteristic temperature, ~r ,  de- 
pends on the way it is distracted from the different 
types of experiments and ranges between 6.5 K (maxi- 
mum in the temperature derivative of the resistivity) 
and 26 K (analysis logarithmic term in the specific 
heat), see table 2. The differences between the low-tem- 
perature properties of UPt  3 and UPd 3 are remarkable. 
The coefficient of the linear term in the specific heat of 
UPd 3 is no larger than 5 [41] to 10 [36] m J / K 2 m o l .  In 
UPd 3 two phase transitions have been observed at 5 and 
7 K [42], both non-magnetic of origin. Evidence for 
crystal-field states comes from neutron-scattering ex- 
periments [17], from which a 5 f  2 configuration with an 
L - S  ground state, 3H 4, is concluded. For both uranium 
sites in dhcp UPd 3, the hexagonal and the quasi-cubic 
sites, a singlet ground state with an energy distance to 

the first excited (doublet) level of 164 and 24 K, respec- 
tively, has been derived [17]. Which energy splitting 
belongs to which site, however, has not firmly been 
established, the temperature dependence of the suscept- 
ibility below 300 K could be reproduced fairly well with 
the proposed level scheme. Although there are small 
differences in the lattice parameters of these two hexag- 
onal compounds (table 3), one cannot understand on 
the basis of the pressure dependence of the spin-fluctua- 
tion phenomena such drastic changes in the low-temper- 
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Fig. 3. The specific heat (a) and the thermal expansion (b) of 
UPt 3 plotted as c / T  and a / T  vs. T 2, respectively; the 
limiting values in the normal state for c / T  and a / T  at T 
approaching to zero, result in a value for the corresponding 
Grtmeisen parameter of 75; a more sophisticated analysis leads 
to a value of 159 for the Gr~neisen parameter that is associated 
with the spin-fluctuation phenomena; data from refs. [21,22]. 
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Table 2 
Values for the characteristic temperature for spin fluctuations, T,f, in U Pt 3 as derived from specific heat (c) and thermal expansion 
(a) measurements and values for the temperature at which a maximum in thermal expansion, susceptibility (X), thermo-electric power 
(S) and resistivity (p) and their derivatives to the temperature are observed; data from refs. [19,22,2426,27] 

T 3 In T/~r-term Temperature (K) at which maximum is observed 

c et et(T) x(T) S(T) Op/OT Ox/3T 

26 11 11 16 7 6.5 10 ° 

ature properties. An evident difference between UPt  3 
and UPd 3 is the concentration of hexagonal sites which 
in UPd 3 is half that of UPt  3. In order to better under- 
stand the effect of a substitution of Pt by isoelectronic 
Pd,  a ser ies  o f  p s e u d o - b i n a r y  c o m p o u n d s ,  
U(P t t_xPdx)  3, has been prepared with x-values of 
0.01, 0.02, 0.05, 0.10, 0.15, 0.20 and 0.30 [43]. Specific 
heat measurements reveal that the spin-fluctuation phe- 
nomena are rapidly lost for x-values exceeding 0.1 
[43,44], see fig. 4, the -/-values reaching a value almost 
equal to that of UPd 3 for x = 0.3, A maximal value of 
about 590 m J / K E m o l  is o b s e r v e d a t  x = 0.05 for the 
coefficient -/ of the specific heat. The increase in -/ is 
accompanied by a decrease in T~r as determined from 
specific heat measurements. 

3. Superconducting-state properties 

Superconductivity in UPt 3 occurs below 0.5 K [9]. 
Meissner-effect measurements [45,46] prove the super- 
conductivity to be a bulk property. The transition tem- 
perature shows a quite large sample dependence. The 
highest values for T~ and the smallest transition regions 
are obtained for well-annealed single-crystalline samples 
[47]. Apparently, stresses destroy superconductivity as is 
evident from experiments on unannealed powdered 
samples [9]. In annealed polycrystalline samples the 
anisotropic thermal expansion coefficient below 100 K 

Table 3 
Lattice parameters, distance between neighbouring uranium 
ions, dr_ U, and molar volume, Vmo I, of UPt 3 (hexagonal 
MgCd3-type of structure) and UPd 3 (double-hexagonal 
TiNi3-type of structure) at 300 K; data from refs. [10,36], 
respectively 

a c du u Vm,,, 
(A) (A) (A) (m3/molU.) 

UPt 3 5.752 4.897 4 . 1 3  42.3)<10 -6 
UPd 3 5.770 9.631 4 . 1 1  41.8)<10 -6 

can induce stresses between neighbouring crystallites up 
to several Kbars, causing a lowering of the transition 
temperature and a broadening of the transition region. 
The application of hydrostatic pressure on single-crys- 
talline samples depresses the transition temperature and 
results in a value for ~ln TJOp of - 2 5  Mbar J [48], 
almost the opposite value as was found for 01n ~f/Op, 
see above. These high-pressure results for the two char- 
acteristic temperatures for superconductivity and spin 
fluctuations are not in favour of electron pairing in the 
superconducting state intermediated by spin fluctua- 
tions and seem to reject the suggestions for triplet 
superconductivity [49] in this compound. Nevertheless, 
triplet superconductivity in UPt  3 is not inconsistent 
with upper critical field studies as is discussed in another 
contribution to this conference [50], with the absence of 
a Josephson current in vacuum tunneling experiments 
with AI or Nd as counterelectrode [51] and with the 
T2-dependence of specific heat [27,52], thermal conduc- 
tivity [27] and ultrasonic attenuation [53] in the super- 
conducting state. An analysis of the temperature depen- 
dence of the upper critical field near the supercon- 
ducting transition temperature provides us with values 
for the Fermi velocity ( V v =  6.8 × 103 m / s )  and the 
effective electron mass ( m * =  180me) [21]. The Fermi 
velocity of the heavy-fermion superconductors is ex- 
tremely low and for UP H comparable in magnitude 
with the sound velocity (v~ = 3.9 × 103 m / s  [22,53]).. 
The value for the effective mass of the electrons at the 
Fermi level of about 180 times that of a free electron 
does not imply that the mass enhancement due to spin 
fluctuations is of that order of magnitude. In fact, at 
writing m* = m0(1 +)~sf), where )~r is the enhance- 
ment factor of the linear electronic term in the specific 
heat, a previous analysis [19] of the specific heat data in 
the normal state leads to a )~rvalue of 0.88, resulting in 
a mass enhancement by spin fluctuations of 1.88. Band 
effects, e lec t ron-phonon enhancement etc. have to 
account for the remaining difference between m 0 and 
the free-electron mass. Band-structure calculations re- 
sult in density of states values at the Fermi level that 
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Fig. 4. Specific-heat data for U(Pt I ~Pd~)3 compounds for x = 0 (O), 0.1 (El), 0.2 (,x) and 0.3. ( ~ )  in a plot of c / T  vs. T 2 (a) and of 
c / T  vs. T (b); the entropy difference between the curves for x = 0.1 and 0.2 in fig. 4b below 16 K amounts to 2.8 J /KmolU;  data 
from ref. [43]. 

correspond with unenhanced  -f-values of 14.9 [54] and 
17.5 [55] m J / K 2 m o l ,  suggesting that  the total enhance-  
ment  due to spin-f luctuat ion and  e l e c t r o n - p h o n o n  ef- 
fects is equal to a factor of 30 or 24, respectively. Since 
the magnet ic  and t ranspor t  propert ies of UPt  3 are 
strongly anisotropic,  one can not  exclude anisotropies  in 
the tempera ture  dependence  of the upper  critical field 
for the different crystal lographic directions. The study 
of these anisotropies is considerably hampered  by the 
sample dependence  of the superconduct ing  properties.  
Non-l ineari t ies  in the tempera ture  dependence  of the 
upper  critical field near  T~ have been observed in ac 
susceptibili ty [47] and  resistivity [50,56,57] measure-  
ments.  The origin of these non-l ineari t ies  is not under-  
stood, and is presently under  study [52]. 

The specific-heat data  on  UPt  3 reveal a broad 
anomaly  jus t  below the resistive t ransi t ion tempera ture  
with values for the relative j u m p  in the specific heat  of 
1 / 4  to 1 / 3  of the BCS result [9,21,27]. At  using ent ropy 
considerat ions  it has been argued [27] tha t  the coeffi- 
cient of the l inear term in the specific heat is at most  a 
few percent of that  in the normal  state indicat ing the 
pair ing of the heavy-mass electrons in the superconduct-  
ing state. If the T2-dependence of the specific heat  
holds down to the lowest temperatures,  however, a 

larger percentage can not be excluded, see also refs. 

[50,52]. 
The U(Pt~ xPdx)3 alloys, ment ioned above, have 

also been investigated for their superconduct ing be- 
haviour. No superconduct ivi ty  has been observed, even 
not  in the x = 0.01 sample in measurements  down to 40 
m K  [43]. These results do not  point  to a close relat ion 
between superconduct ivi ty and  spin f luctuations which 
one would expect in case of triplet superconductivity.  

4 .  A d d i t i o n a l  c o n s i d e r a t i o n s  

The low-temperature  physical propert ies  of UPt  s are 
unexampled.  Large anomalies  occur in nearly all in- 
vestigated propert ies  in the liquid helium tempera ture  
region. Al though these anomalies  are in most  cases 
well-established from an experimental  point  of view, 
their  in terpre ta t ion does not  suit the existing models for 
crystal-field effects, spin f luctuations or singlet su- 
perconductivi ty.  In this last section we shall dwell on 
some inconsistencies that  arise at analysing the experi- 
mental  data. Let us start with the concept  of spin 
fluctuations. Evidence for spin-f luctuat ion phenomena  
to be present  in UPt  3 comes most evidently from the T 3 
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In T/T~r term [56] in the specific heat. A fit of the 
normal-state data to the sum of a linear, a cubic and 
this logarithmic term holds from 0.5 up to 20 K. From 
analysing the specific heat data at temperatures above 
16 K, the unenhanced value for the coefficient of the 
linear term and the phonon coefficient have been de- 
rived, resulting in a T~r value of 26 K. A similar 
description of the thermal expansion, however, breaks 
down above 6 K and yields a value for T~r of 11 K. 
According to spin-fluctuation theories, this break-down 
has to be expected at temperatures much lower than the 
characteristic temperature. In other words, a description 
of the specific heat with only the additional logarithmic 
term works too well and leads to the conjecture that this 
description must be accidental in the higher tempera- 
ture region. Support for the concept of spin fluctuation 
in UPt  3, although in a qualitative way only, comes from 
the resistivity measurements: the quadratic temperature 
dependence at the lowest temperatures and the large 
value of the coefficient of this quadratic term, see fig. 5. 
In a magnetic field the spin-fluctuation contribution to 
the resistivity is expected to be depressed leading to a 
negative magnetoresistivity as far as spin fluctuations 

are involved. The experiments on UPt  3 at 1.5 and 4.2 K 
show the opposite; a large and positive magnetoresistiv- 
ity for field directions in the basal plane with a sharp 
peak in the magnetoresistivity at 21 T. If there is any 
negative term in the magnetoresistivity, it is completely 
immersed in this huge and positive term. A negative 
magnetoresistivity is observed indeed at 77 K [25] and 
amounts for the current along the hexagonal axis and 
the field in the basal plane to - 1 %  at 35 T. As the 
origin of this huge and positive term is concerned we 
already mentioned the concurrence with the peak in the 
differential susceptibility and its possible explanation in 
terms of crystal-field effects. Down to the lowest tem- 
perature, however, no Schottky-type of term in the 
specific heat or thermal expansion is seen. A satisfac- 
tory description of the susceptibility in terms of crystal- 
field effects is also lacking. The value for the susceptibil- 
ities at 4.2 K along the different crystallographic direc- 
tions are small compared to those of UPd 3. These 
reduced values could be a consequence of the large 
splitting (164 K) between the nonmagnetic singlet 
ground state and the first excited level for the hexagonal 
sites. A peak in the differential susceptibility at 20 T, 
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Fig. 5. Temperature dependence of the resistivity of an unannealed UPt 3 whisker (current along the c-axis) in a plot of p vs. T below 
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room-temperature value being equal to 148 ~£ cm; the uncertainty in the resistivity values due to geometrical factors is estimated to 
be _+10%; the superconducting transition in the whisker occurs at 0.48 K; the whisker dimensions are approximately: 20 tzm 
(a-axis) x 40 p~ m (b-axis) x 1000 ff m (c-axis), see ref. [8]. 
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however, does not  fit into this picture, nor  a max imum 
value for the susceptibili ty at 16 K. Ano the r  possibility 
at explaining the susceptibili ty data  is a much lower 
value for the crystal-field splitting, comparable  to the 
quasi-cubic sites in UPd3 or the hexagonal  sites in 
PrNi 5. On this latter compound  we performed high-field 
experiments  at 4.2 K on the susceptibili ty of a poly- 
crystalline sample with fields up to 32 T in order  to 
study the field dependence  of the differential  suscept- 
ibility of a crystal-field compound.  The results for PrNi 5 
differ markedly from those for UPt3:  the differential  
susceptibili ty of PrNi s is almost  cons tan t  up to 10 T 
and  starts to decrease at higher fields resulting in a 
value for the differential  susceptibili ty at 30 T of about  
30% of the low-field value; the UPt3-da ta  are shown in 
fig. 2a. We are inclined for that  reason to consider the 
maxima in the susceptibili ty to be related not  to an 
excited crystal-field level bu t  ra ther  to the same many- 
body  effects that  cause the anomal ies  in the low-temper-  
ature thermal  and t ranspor t  properties.  High-pressure 
exper iments  suppor t  this view since there is good agree- 
men t  between the pressure effects on the resistivity and 
on the tempera ture  at which the m ax i m um  in the sus- 
ceptibil i ty occurs. At  considering the pressure depen-  
dence of the coefficient A of the term in the resistivity, 
quadra t ic  in temperature,  to represent  the pressure de- 
pendence  of the many-body  phenomena ,  and  at taking 
A propor t iona l  to T* 2, the result for Oln T/Op is 25 
M b a r  ~. Susceptibili ty measurements  under  pressure 
arrive at ~ln X (4.2 K ) / ~ p ' = - ~ l n  T , ~ J O p = - 2 5  

M b a r  1, where T m is the tempera ture  at which the 
max imum in the susceptibil i ty along the a- and  b-direc- 
t ions occurs. Work ing  in the spin-f luctuat ion model, the 
low-temperature  Grt~neisen parameter ,  Fee nh, in t roduced 
in ref. [22] and  connect ing  the spin-f luctuat ion contr ibu-  
t ions to specific heat  with those to thermal  expansion,  is 
equal to the relative volume derivative of X~f, the spin- 
f luctuat ion enhancemen t  factor in the specific heat,  
where X~f is propor t iona l  to In S, S being the Stoner  
factor. Taking 7~,f inverse propor t ional  to S we arrive at 
the expression: F~ nh=  - ( I n  S ) - l ~ l n  ~ f / O l n  V. With 
values for S of 1.5, for the compressibi l i ty of 0.48 
M b a r  ~ and for le enh of 159, taken from refs. [19,21], 
we find ~ln T~f/Op = 31 Mbar  i. So we observe a close 
relat ion in the pressure derivative of the different  char-  
acteristic tempera tures  as measured on the magnet ic  
and  thermal  propert ies  of UPt  3, suggesting that  they 
have a c o m m o n  base. Al though in our present  analysis 
the absolute  values of the logari thmic pressure deriva- 
tives of the superconduct ing- t rans i t ion  tempera ture  and  
the spin-f luctuat ion tempera ture  are perhaps  more de- 
viat ing than indicated in ref. [48], there is no doub t  

about  their opposite signs. And  as already ment ioned  
before, this result seems to exclude electron pair ing 
in termedia ted  by spin fluctuations. 

This paper  has been wri t ten dur ing a stay of one of 
the authors  (JF) at the Laboratoi re  Louis N6el in 
Grenoble .  This author  is much  indebted  to the Univer-  
sity of Grenob le  for hospital i ty and  to many colleaques 
in Grenoble  for enl ightening discussions on the heavy- 
fermion problem. The work described in this paper  is 
par t  of the research program of the Nether lands  Foun-  
da t ion  for Fundamen ta l  Research of Mat te r  (FOM).  
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