Specific heat of heavy fermion compound CeRu,Si,
in magnetic field *)
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The high field anomalies of the linear term in the specific heat of CeRu2Siz are shown
to be caused by a reconstruction of the quasiparticle band due to the magnetostriction
and by a destruction of short range magnetic order.
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1 Introduction

CeRusSis is a “medium” heavy fermion system (HFS) with the electronic spe-
cific heat coefficient v ~ 350mJmol~! K~2. A strong increase of magnetization
is observed near Hy, = 7.8T below 15K (metamagnetic-like transition) [1]. The
inelastic neutron experiments [2] revealed two types of magnetic correlations: a
Kondo single site (elastic) and an intersite (short range) antiferromagnetic inelas-
tic contribution, which is strongly quenched in the field above Hy,. For high fields a
long range static ferromagnetic response was found [3]. The coefficient «y of the lin-
ear term of the specific heat v = ¢/T, shows a sharp peak at Hy, for T'= 0.25 K. At
higher temperatures, the peak in v(H) changes into a double peak structure with
a minimum at H,, and the distance between the peaks increasing monotonically
with increasing temperature [4]. The de Haas—van Alphen experiments (dHvA)
also indicate the peak structure around Hy, in the field dependence of effective
masses [5]. It was found that the value of y derived from the dHvA data available
(Ygp = 260mJmol~! K2, T = 0) well correlates with the thermodynamic Som-
merfeld coefficient 4y, but is by 25 % smaller. For fields above H,, this discrepancy
becomes striking (Yqp/Yin &~ 0.2 at 15T). One of the possible explanation of the
discrepancy is that also another degrees of freedom, not directly related to the
quasiparticles, contribute to the anomalies of the specific heat. In [6] we pointed
out the role of intersite fluctuations of the residual magnetic moments ur ~ 0.5 ug
(up — Bohr magneton) resulting from incomplete Kondo screening (see [7]). In the
following we illustrate the role of magnetic clusters in metamagnetic transition of
CeRu»Sis and discuss the Kondo contribution.
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2 Quasiparticle contribution

We use the single-resonance-level model of Schotte and Schotte [7] which avoids
explicit many body calculations by simulating the free energy of a Kondo system by
a resonance of Lorentzian shape formed at the Fermi level with the width of reso-
nance of order of the Kondo temperature Tk, A = kTk. The resonance contribution
to the free energy reads

+o0
FQP = _kTZ / po(ga H) ln(l + eis/kT)dEa (1)

where the quasiparticle DOS for spin o is
A(H) 1

o 7H = )
P& ) = T e g Hon)? + 22()

(2)

g is the f-electron g factor and k the Boltzmann constant, A is field dependent via
the field dependence of the Kondo temperature. This in turn mainly results from
magnetostriction [10]

Tk(H)=Tx(V) = TK(O)Q*F(V*VO)/VO , (3)

where V and Vj are the volumes for the field H and zero field and I is Griineissen
parameter I' = —0InTk/0InV. The volume magnetostriction of CeRusSiz has a
peak around Hy, [1] and I" takes a huge value ~ 190 [1], which enhances the volume
effect by two orders of magnitude. Magnetostriction is expected to be the driving
force of metamagnetic transition. In the region of transition also the strong field
dependence of exchange interactions is observed [4]. For H > H,, ferromagnetic
interaction starts to dominate (exchange interactions between quasiparticles [8])

Heg = H+ J(Q = 0) =2 (4)
39UB

J(0) is the ferromagnetic, field dependent coupling [4] and m,;, is the quasiparticle
magnetization i.e. total magnetization diminished by the residual moments contri-
bution. Since around H,, all free residual moments (not belonging to AF clusters
(60%) [2]) are oriented along the field, one can approximate mg, by m — 0.6 ur.
Using the experimental data of magnetostriction [1], magnetization [11] and the
field dependence of ferromagnetic coupling [4] we have calculated the quasiparticle
contribution to v, yqp = —0%Fy,/0T? and the results are presented in Fig. 1. It is
seen that the field-induced mass enhancement at H,, amounts to 1.21 at T'= 1.3 K.
From the low-temperature magnetization measurements the enhancement of v as
large as 1.77 was deduced [1].

3 Residual magnetic moments contribution

Part of the residual magnetic moments is bound in small AF clusters (40 %).
At Hyp, the short range magnetic correlations are suppressed [2]. For simplicity, we
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Fig. 1. Field dependence of the coefficient v of the linear term in the specific heat for
CeRus2Siz. Solid and broken lines are the calculated quasiparticle contributions for 7' =
1.3K and T = 4.2 K, respectively. Experimental data (7' = 1.5 K [12]) are shown by dots.

illustrate the resulting contribution to ¢/T" by considering the clusters consisting
of a central site and its four nearest neighbours. The Ising form of interaction is
assumed, which is justified by the strong anisotropy of CeRusSis [2].
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Fig. 2. Field dependence of the magnetic clusters contribution to v close to metamagnetic
transition for 7"= 0.05, 0.1, 0.25, 0.5 and 1K (the curves from top to bottom).
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The specific heat of a cluster reads:

S (EZ e PEs) (E e—ﬁEg) _ (E Ese—ﬁES>

1 {s} {s} {s}
c= ET? 2 ) (5)
()
5
where 8 = 1/kT and spin configuration {S} for the 5-site cluster denotes {S} =
5 5
{(Sl, Sy .. 55)}, S; = :l:%, Eg¢=JS; E Si+2he{-f/1,R Z Si, het = H— 3JAF(H)/LR.
i=2 i=1

Jar(H) is estimated from the antiferromagnetic coupling J(Q = k,H), k =
(0.31, 0.31, 0) given in [3]. J(k) = 3" Jare* with § running over nearest neigh-
5

bours. Figure 2 presents the temperature evolution of ¢/T for the independent spin
clusters with J = Jap(H = 0) = 0.25 meV/u3 [3]. Remarkable is the temperature
dependent splitting of the peak which is also observed in experiment [4].

In summary, the present communication points out two sources of anomalies
observed near metamagnetic transition, one resulting from the narrowing and shift
of heavy quasiparticle band due to magnetostriction effect and field induced ex-
change interactions and another due to the destruction of small AF clusters formed
by residual magnetic moments.

The work was supported by the Committee for Scientific Research (KBN) under Grant
No. 2 P03B 087 19.
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