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MAGNETIC FIELD DEPENDENCE OF THE MANY-BODY E N H A N C E M E N T  
ON THE FERMI SURFACE OF CeB 6 

T. MISLLER, W. JOSS, J.M. VAN RUITENBEEK *, U. WELP **, P. WYDER 

MPl f~r FestkOrperforschung, Hochfeld Magnetlabor, B.P. 166X, F-38042 Grenoble, Franee, 

and Z. FISK 

Los Alamos National Laboratory, Los Alamos, NM 87545, USA 

Low-temperature high-field specific heat measurements are presented which show that the density of states of the itinerant 
electrons in the Kondo lattice CeB 6 decreases strongly with field. CeB 6 is an ordered heavy electron system with a zero field 
electronic specific heat coefficient 7 of about 250 mJ /mol  K 2. The specific heat was measured with the heat pulse method at 
temperatures as low as 0.3 K and in steady magnetic fields as high as 22 T. At 22 T the linear term in the specific heat was 
found to be five times smaller than in zero field. The observed field dependence in the electronic specific heat is in good 
agreement with the field dependence of the cyclotron mass recently found in de Haas-van Alphen experiments. 

CeB 6 is a well-studied Kondo lattice system [1] 
which orders quadrupolar antiferromagnetic at a 
temperature TQ = 3.2 K and modulated antiferro- 
magnetic at T N = 2.3 K in zero field. The latter 
transition is suppressed by a magnetic field of 
--1.5 T, whereas the former transition is shifted 
to higher temperatures in high magnetic fields [2]. 

Here we present results of extended specific 
heat measurements on CeB 6 in magnetic fields up 
to 22 T, an compare them to field dependent 
results of de Haas-van Alphen measurements [3]. 

The sample was grown in an Al-flux and had a 
mass of 15 mg. To avoid discrepancy from differ- 
ent sample preparation, we investigated a crystal 
of the same batch of samples on which the de 
Haas-van Alphen experiments were made. The 
specific heat was measured with a heat pulse 
method in a 4He-cryostat from 1.2 to 10 K [4] and 
in a 3He-cryostat from 0.3 to 1.2 K in a polyhelix 
magnet in the Grenoble high field facilities in 
various magnetic fields, applied parellel to the 
~100) direction of the crystal. The temperature 
was measured with commercial RuO 2 thick film 
resistors, which were calibrated in a separate run. 

The data in 0 T and 8 T are in agreement with 
data from other authors [5-7] within the experi- 
mental error of 20% in 3He and 15% in 4He. As 
the quadrupolar antiferromagnetic phase transi- 
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tion appears as a large peak in the specific heat, 
we extrapolated the linear specific heat coefficient 
y from temperatures below T < TO/5. 

Fig. 1 shows a typical curve of specific heat 
divided by temperature vs. temperature squared 
which was constructed from 3He and 4He data in 
a magnetic field of 18 T. Nuclear contributions of 
Boron are subtracted. According to [7] we as- 
sumed a term AB2ff/T 2 with a constant of A = 
22.36 ~ J K / T  2. For low temperatures (T < 1.5 K) 
the specific heat fits to C = 45 [mJ/mol  K2]T+  
60[mJ/mol K4]T 3. We derived values for the lin- 
ear specific heat coefficient 7 from similar ex- 
trapolations in several magnetic fields. They are 
plotted in fig. 2 which shows a strong decrease of 
the linear specific heat coefficient with increasing 
magnetic field. 7 varies from - 2 5 0  mJ /mo l  K 2 
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Fig. 1. Specific heat of CeB 6 divided by temperature vs temper- 
ature squared in a magnetic field of 18 T. 
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Fig. 2. Magnetic field dependence of the enhanced linear 
specific heat coefficient y. Open circels were taken from 
Marcenat [6], and squares from Bredl [7]. The peak in y at - 2 
T is related to the phase transition from the quadrupolar 
antiferromagnetic to the modulated antiferromagnetic phase. 
The line is a guide to the eye. Filled squares are results from de 
Haas-van Alphen measurements [3]. The points were calcu- 
lated from the measured cyclotron masses on the assumption 
that the mass enhancement going from LaB 6 to CeB 6 is roughly 
isotropic over the Fermi surface and scaling the mass rn * = 0.61 

for LaB 6 as 7 = m* YLa/m~'a to CeB 6. 

in zero field to - 5 0  m J / m o l  K 2 in 22 T. This 
value is still about 20 times higher than the y of 
LaB~ (2.6 m J / m o l  K2). The single particle density 
of states of the itinerant electrons is strongly sup- 
pressed but a magnetic field of 22 T is not suffi- 

c ien t  to force  the  m a n y - b o d y  e n h a n c e m e n t  in to  a 

l imit.  

R e c e n t l y  S t e w a r t  [8] has  f o u n d  a s imi la r  sup-  

p r e s s i o n  of  y in the  n o n m a g n e t i c  heavy  f e r m i o n  

s y s t e m  CeCum, in h igh  m a g n e t i c  fields.  H e r e  we  

p r e s e n t e d  m e a s u r e m e n t s  for  the  m a g n e t i c  K o n d o  

la t t ice  CeB 6 w h i c h  are  in g o o d  a g r e e m e n t  wi th  

resu l t s  of  p r e v i o u s  p u b l i s h e d  de  H a a s  van A I p h e n  

e x p e r i m e n t s .  
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