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The wavevector and energy dependence of the paramagnetic response in 
the normal phase of the Heavy Fermion system UBel3 has been investi- 
gated between 10 K and 300 K using polarized neutrons and polarization 
analysis. At IO K the response was found to be enhanced at non zero wave- 
vectors indicating the presence of strong antiferromagnetic correlations. 
The peaks in the scattering occurred at positions expected for incipient 
type +antiferromagnetism of the simple cubic uranium sublattice. At 
room temperature the spatial correlations completely disappeared and 

‘the response was wave vector independent. Constant Q acana carried out 
at 10 K confirmed the Lorentzian dependence proposed by Goldman et 
al. [I]. 

Introduction 

Since the discovery of the first 
superconducting Heavy Fermion system CeCu Si by 
Steglich et al.lZ.1 other compounds 
uranium e.g. UPt 

t .A* con al 111s 

found to exhibit haavy electro 
i4] have also bee; 

[319 “Be1a behaviour as well 
as a transition to superconductivity at low 
temperatures i.e.< 1 K. Of these compounds UBe 
was found to have the ,largest specific hea? 
coefficient (y=l.l J/no1 K ). Between 150 K and 
room temperature the static susceDtibilitv is 
Curie-Wei&s with a proposed [51 effective mbment 
of 3.08 II,. Below 150 K the susceotibilitv 
deviates from% Curie-Weiss behaviour. - ” 

Neutron measurements by Goldman et al.111 usinn 
a powder sample at 10-K were analysed using i 
Lorentzian relaxation function yielding a width F 
of 13 meV. The measurements -did not reveal the 
presence of a narrow f resonance expected on the 
basis of the large y value. 

Presented here are the results of a polarized 
neutron investigation between 10 K and room 
temperature concerning the wave vector dependence 
of the paramagnetic scattering which is important 
for establishing the presence of spatial 
correlations. In addition constant Q scans 
extending up to 80 meV have been carried out at 
several wave vectors. 

Experimental 

Powder neutron diffraction patterns of UBe 
were obtained at 10 K and 100 K using the big *la 
resolution diffractometer D2B located at the 
thermal source of the HPR in Grenoble. The two 
diffraction patterns confirmed that the sample was 
single phased and had the cubic NaZn structure. 
A refinement of the structure using t ;ta two data 
sets yielded crystallographic parameters which 
were in agreement with those obtained by Goldman 
et al.[6]. 

The paramagnetic response was investigated 

using polarized neutrons and polarization analysis 
as provided by the triple axis spectrometer D5 
located on the hot source at the ILL. The 
experimental arrangement of the spectrometer was 
similar to that previously described [7], in which 
the final wavelength was held fixed at .84 %, 
(Ef=112 meV). The- sample of volume -9 C.C. was 
mounted in an Al can attached to a Displex closed 
cycle refrigerator. 

A clean measurement of the paramagnetic 
response was obtained by measuring the difference 
of the spin flip scattering cross section observed 
with the incident neutron polarization parallel 
and perpendicular to the neutron scattering vector 
[81. 

Measurements were carried out at lOK, 1OOK and 
300K. At each temperature constant energy scans 
centered on E=O with an energy width AE= t19 meV 
were performed. The results of these measurements 
are shown in Fig.l-3. At 10 K the response was 
found to be peaked at non zero wave vectors remote 
from the position of nuclear Bragg peaks 
suggesting the presence of spatial correlations of 
antiferromagnetic nature. From the position of the 
enhanced scattering it was concluded that the 
fluctuations were consistent with incipient type G 
antiferromagnetism associated with the simple 
cubic uranium sublattice. 

Consta_qt Q scans were carried out at 
Q=1.06 A Q=2.56 A-1 which corresponded 
positions df enhanced scattering and at Q=1.56 A- 

tf 

where a minimum of the scattering was observed. 
The energy profiles could be characterized by a 
Lorentzian relaxation function as proposed by 
Goldman et al.[l]. Although the scattering was 
peaked at low energy transfers the tail of the 
response extended beyond 80 meV the highest energy 
transfer employed in the experiment. 

On warming to 100 K the spatial correlations 
remained clearly visible. The scattering tended to 
increase slightly. The corresaondinn Q scans were 
similar to those-observed at i0 K. - 

Finally at 300 K the spatial correlations were 
destroyed- and the scattering became essentially 
wave vector independent. 
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The wave vector dependence of the paramagnetic 
scattering at the elastic position of the 
spectrometer with an energy width of ±19meV, 
The temperature at which the measurement 
was made was i0 K. The positition of nuclear 
Bragg peaks is indicated by ( )N and the 
Bragg positions for type G s.c.c, antiferromagnetism 
of the uranium sublattice by ( )M" 
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Wave v e c t o r  dependence of the  p a r a m a g n e t i c  
s c a t t e r i n g  a t  100 K. 
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F i g . 3 :  

The wave v e c t o r  dependence of the  p a r a m a g n e t i c  
s c a t t e r i n g  a t  300 K. 

Discussion 

These  measurements  r e p r e s e n t  an unambiguous  
confirmation of antiferromagnetic fluctuations in 
a Heavy Fermlon system which does not order 
magnetically. It is remarkable that the spatial 
correlations extend up to at least 100 K 
(reminiscent of itinerant electron behaviour [9]) 
which is considerably higher than the region of 
Heavy Fermion behaviour. The results are 
particularly surprising since they have been 
obtained using a powder sample in which spatial 
correlations are averaged over a Debye Scherrer 
cone and therefore at finite Q only a part defined 
by the vertical divergence of the spectrometer is 
measured (for comparison see Cr[lO]). From a 
consideration of the intensity it is probable that 
the fluctuations occur in or close to the (iii) 
plane. Comparing these measurements to those of 
other heavy fermion systems it is found that the 
intensity within an energy range of 19 meW is 
substantially larger, Therefore the wave vector 
response may be determined more easily using D5. 

Further measurements to investigate the role of 
the spin fluctuations in the superconducting state 
are planed. 
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Fig.4: 

Constant Q scan at T=I0 K and 0=1.56A -I 

Fig.5: 

Constant Q scan at T=I00 K and Q=1.56A -I 
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