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Abstract : W e  h av e  co n sid e red  th e  P eriod ic  A nderson  la ttice  m odel and fitted  the  pairing  

s ta te  g a p  p a ra m e te r  to  a  p o w e r law  (T -  w ith  T n e a r  th e  c ritica l tem pera tu re  7^ It has 

b e e n  fo u n d  th a t n lie s  b e tw een  0  41 and  0  45  lo r  a lm o s t all va lues  o f  the  lo ca lized  level in the 

n a rro w  h a lf - f i l le d  c o n d u c t io n  b an d  T h e  sp ec ific  h e a t sh o w s an o m a lo u s  b eh av io r w hen the  

lo c a liz e d  lev e l is ab o v e  th e  F e rm i lev e l, w h ile  it can  be  fitted  to  an  e x p o n en tia l law  w hen the 

lo c a liz e d  leve l is b e lo w  th e  F erm i level

K e y w o r d s  : P e rio d ic  A nd erso n  la ttice , u n ive rsality , spec ific  heat anom aly  

P A C S N o .  : 7 1 .2 8 +d

H eavy Ferm ions and non-conventional superconductors are now two most important 
system s o f intensive experim ental and theoretical investigations \\,2,3A]- One of the most 
serious contenders for the description of these systems is the Periodic Anderson lattice 

m odel [5,6] w ith the hamiltonian
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Here the c*s correspond to the conduction electrons (with momentum k, spin o  and energy

the a s  correspond to the localized electrons (at the N sites Rf^ with energy U is 

the on>site Coulomb interaction strength, is the momentum-dependent hybridization 
interaction and Sp is the Fermi energy. In an earlier work [7] we had shown that on-site 

pairing of the localized electrons is possible in this model provided U, when dressed by the 

conduction electrons, is negative and satisfies a further condition. This condition depends 

on the relative positions of Ep and the magnitudes of U and V)̂ . In the case of a half- 

filled narrow band system, E a - A e f l ^  £* ^ f o  + / 2  with Ep = Eq, it was found that

within an allowed region o f  the ((/, Eq -  Eq) phase space it is possible to have on-site 
pairing of localized electrons given by non-zero value of the temperature-dependent gap 

parameter A = 5 ) where Eq / 2 .

The bare localized state parameters of the hamiltonian are dressed by the conduction 
electrons and these dressed quantities are denoted by the corresponding symbols with a 

tilde above them, like E ^m d U .  In terms o f the dim ensionless reduced variables 

t =  k g T I \ l J \ , e -  E q ! \U \  we had previously obtained [7] the temperature dependence of (he 

gap parameter A (Figure 1) for different values of c, dependence of the critical temperature 

on re-entrant behaviour in large magnetic field and the nature of the transition from 

normal to pairing phase.

Figure 1. Gap parameter A{t) as a function of / for e = 0.0 {a), 0.1 (b), 0.2 (c), 
0.3 (d) and 0.4 (e).

We are here interested to investigate whether there is any universality in the 

transition. Such universal scaling properties have been observed [8-10] for Hall coefficient 

and thermoelectric power in the normal state of Bi-2212 and Tl-2212 systems. In case o f 

any phase transition universality is one o f the first properties that is first looked into. 

In Figure 2. wc have plotted A(f)/A(0) as a function of the for e = 0 .0 ,0 .1 , 0.2, 0,3 and 0.4. 

The figure suggests that there is at least an approximate universality. To see it more clearly
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F ig u r e  2 . R ed u ced  g ap  p a ra m e te r A ( f ) /A ( 0 )  as a  func tion  o f  t/t̂  ̂ fo r  e =  (H), 

0  1 .0  2, 0  3 an d  0 .4 .

F ig u r e  3 . P o w e r law  fittin g  A ( i ) /A ( 0 )  =  A(1 0  -  t/i, f  for e =  0 .0  (a ), 0.1 (W.

0 .2  (<•), 0 .3  id) and  0  4 (<')

we have fitted in F igure 3 A (/)/A (0) = A(1.0 -  t/K )" / near t,. with the best f.t
values of A an d /i given in Table 1. At low tempenaturc fo r t  near 0 we have fitted in

T a b ic  1. B est fit v a lu es  o f  A and  n in the  fittin g  A ( 0 /A ( 0 )  =  A(1 0  -  tit, )" fo r 

t n e a r  /, to r  d iffe ren t va lues  of e

e A
n

0  0 1 46.348
0 4 5 1 7 4 1

0  1 1 38678
0  410222

0 .2 1 41.S12
0 .421230

0 .3 1.41323
0  408642

0 .4 1.39814
0 .3 7 8 9 8 0
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Figure 4 A(r)/A(0)= 1,0 -A  exp ( -  a tjt)  with the best fit values o f A and a  given in Table 2. 
The values o f n given in Table 1 show considerable deviation from Ginzburg-Landau vahie.

«./«

Figure 4. Exponential fitting A(t)/A(0) = 1 0 -  Aexp- at^Jt for e = 0.0 (a), 
0 1 (b ). 0.2 (f). 0.3 (4) and 0 4 (e)

Table 2. B est fit va lu e s  o f  A and  a in  the  fittin g  A ( / ) /A ( 0 )  ^ l.O -  A c x p ( -  //) 
w hen  t is  n e a r  0  fo r d iffe ren t va lues  o f  e

0 .0 3 18547 2.1.3348

0.1 3 27402 2 .1 7 3 3 6

0  2 3.44061 2 .22653

0 3 3 62535 2 .3 3 7 3 7

0 4 6 0 2 0 1 0 2 7 7457

The specific heat for the system shows quite interesting feature. The values 
calculated from eq. (39) of Ref. 17] for positive values of e have been shown in Figure 5

0.00 0.10 
t

0.20 0.30

Figure 5. Specific heat C{t)INkĵ  as a function of r for e 0.0 (a), 0.1 (b)« 0.2 
(c). 0.3 (d) and 0.4 (e).
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and those for negative values of e have been shown in Figure 6. While for the negative 

values o f e the curves arc similar to those for systems with gaps in the energy spectrum, for

Figure 6. Specific heat C{t)jNkg as a function of r for e = 0.0 (a), -O.I {b),

-0 2 (t), -0.3 {(1) and -0  4 (e).

positive values o f e there are humps before the peak and the succeeding drop. 

I'his behaviour has been reported [ 1 1 , 12 ] in experiments performed on Baj.^K ^BiO , 

and Bi| ,P b jB aO j. For negative values o f e specific heat attains a constant value in the 

n o rm a l.phase after the drop as in classical physics, the constant value being independent of 

e. The specific heat data for negative values of e could not be fitted to a single power law 

C uyN kg = /4( 1.0 -  r//r)" - But fitting to exponential laws.

1 . C(t)/Nkg = A e x p -  a ( l . 0 -  f/r^.) shown in Figure 7 with best fit values of >4 and

a  given in Table 3, and

F l g u r .  7 .  Exponential fitting C ( 0 / N * ^ ,  =  Ae*p-a(1.0-l/».) fcr«=0.0(«),

-0 .1 (b), -0.2 (c), -0.3 (<i) and -0.4 («).
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Table 3. Best fit values of A and or in the fitting C{t)jNk^ = Acxp- a ( l 0 -  r//^) 
when t is near for different values of e.

e A a

00 11.7515 6.63387

-0 1 19.9804 7.59467

-0.2 28.4975 7 68435

-0.3 31.3607 6 94682

-0.4 24.3347 5.38330

2. C{t)jNkg = A exp- a (f^ /f  -  l.O) shown in Figure 8 with best fit values of A and 

a  given in Table 4

Figure 8. Exponential fitting C{t)INkg = i4exp- - 1 0) for e = 0.0 (a),
~0.1 (b), -0 2  (c), -0 3  (d) and --0.4 (e).

Table 4. Best fit values of A and a  in the fitting C{t)/Nks * 4 exp - aUc/t -1 .0 )

0.0 11.0289 5.19188

-0.1 18.4818 5.89484

-0.2 26.1624 5.89660

-0.3 28.S635 5.18112

-0.4 21.9212 3.76084

is possible. O f these two fittings, the first one seems to be slightly better. This points to a 
non-conventional type o f transition. But the almost equality o f the values of a  again 
indicates at least an approximate universality. It should be pointed out that all the



calculations have been done for zero external magnetic field. A point should be noted about 
the Figures 5*~8. The specific heat has really been plotted with the numerical estimate of the 
derivative o f  the H elm holtz’ free energy as the ratio of two differences. In reality in 
Figure 6 there is a jum p in the specific heal at iha transition point.

T his analysis confirm s the general feeling that Heavy Fermionic and non- 
conventional superconducting systems have m aiy  peculiar features which are not observed 
in ordinary systems.
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