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Microwave Reflectivity of CeRu2Si2. Collective Excitations
in the Electronic Fermi Liquid
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We present microwave reflectivity data (35-134 GHz) on the magnetically nonordering heavy fer-

mion compound CeRu2Si2. In the Fermi liquid region at fields near to the metamagnetic transition

(B,=—8 T) we observe pronounced effects with a retlectivity change of several percent. The experimental

features can be explained within an oscillator model in e(at) and P(at). The oscillator frequencies be-

come soft at B,. The relaxation frequencies 1;,'„'( & t&t) are extremely small and point to long lived col-

lective excitations. They are supposed to represent the propagation ot' a zero sound mode and spin

waves.

PACS numbers: 71.28.+d, 72. 15.Nj, 72. 15.Lh, 76.50.+g

Heavy fermion systems are known for their extremely
narrow band of quasiparticles at the Fermi level. It cor-
responds to an electronic mass renormalization m*/rn,

~
of

more than 100 [1,2]. Though several of their low temper-

ature properties can basically be understood within the

context of Landau's Fermi liquid theory [3] many physi-

cal features remain unexplained until now. They are due

to additional aspects like the electric charge of the quasi-

particles, the crystalline anisotropy, and a large variety of
different magnetic interactions [2,4].

If one follows the main ideas of Landau, a wide spec-

trum of collective excitations should be expected in a Fer-

mi liquid [5]. While the low energy region ca&1/rh„&
contains the excitation of a hydrodynamic sound mode,
so-called erst sound, at higher frequencies ta) 1/rh„a
=ero sound modes and spin wave. s should propagate (rh„a
is the hydrodynamic relaxation time). They carry the

essential information of different quasiparticle interac-
tions.

In the case of heavy fermion systems theoretical works

have predicted two zero sound modes: tao =J6T* and

ta)=tFq/J3 [6,7]. Experimentally they have not been

observed until now. Moreover, no theoretical or experi-

mental evidence at all exists about the propagation of
spin waves with respect to magnetically nonordering sys-

tems.
In this Letter we present the first results of micro~ave

spectroscopy on the tetragonal heavy fermion system

CeRupSi2. They yield strong indications for the existence

of a zero sound mode and spin waves in the electronic
Fermi liquid region.

CeRu2Si2 displays pronounced metamagnetism at a

critical field of B,=-8 T while long range magnetic order
is absent [8,9]. The metamagnetism is clearly connected

to the anisotropy of the electronic Fermi liquid since this

anomaly can only be observed when the magnetic field is

aligned parallel to the tetragonal c axis [8]. The magnet-

ic anomaly becomes more pronounced as the temperature
decreases; below T=l K it saturates and thus a phase

transition is prevented [10,11]. In contrast to the

metamagnetism of magnetically ordering systems [12,13]
no complete theory so far exists for the metamagnetic be-

havior of CeRu2Si2.
In our spectroscopic experiments we employed two sin-

gle crystals which were grown by P. Lejay (CNRS,
Grenoble). The quality of the samples has been probed

several times before, with respect to their thermodynamic

properties [10,14,15]. In this Letter we will only refer to

the experimental results of the second sample. Its surface

is 3X4 mm in size (a-b plane) and it was polished up to

optical quality.
The microwave setup was constructed for Faraday

geometry (Bilk). Since a perpendicular incidence of radi-

ation was chosen, the field coincides with the magnetic

easy axis of the sample. The microwave frequencies

(35-134 GHz) are generated by Impatt and Gunn

sources and the reflected signal is analyzed by difl'erent

types of high sensitivity Schottky diode detectors. This

signal carries the information of the sample reflectivity

AR(B, T). An absolute measurement of the reflectivity

demands a comparison with a reference mirror; this was

left out because of the associated experimental error.

Since the microwave radiation propagates in a waveguide

system, standing wave problems and waveguide mode

conversion effects were precisely regulated out by addi-

tional mechanical and electronic devices. A detailed

description of the setup will be published elsewhere [16].
The measurements were performed as a function of

field and temperature at frequencies of 35, 55, 70, 99,
and 134 6Hz. At all frequencies significant effects in the

reflectivity AR(B, T) were observed (0.5%%u0-5%%uo). To-

wards lower temperatures the anomalies are correlated to

the critical field and exhibit a strongly frequency depen-

dent line shape [Fig. 1(a)]. In addition, some small and

sharp features in AR(B, T) were recorded at the lower

frequencies [see horizontal arrows in Fig. 2(b)]. With

rising temperature the resonantlike structures broaden

and describe closed phase lines [Figs. 2(a) and 2(b)].
Since the microwave reflectivity shows a complex struc-

ture of excitations, we tried to find a general approach
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E(co) = fop(ni ) + EQgg(ni )
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X20 THz, f2=1 fi =0.03, 1 nf 2x—x5 z
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relaxation rates of one particle excitations (see, e.g. ,

[17]). This leads to the excitations observed in our mea-
surements demonstrating a strong collective character.
Since the condition I ~„&co is met at least by a factor of
2.3 even at the lowest frequency (35 6Hz), the collective
excitations do represent propagating modes.

%'e can summarize that the microwave excitation spec-
trum of CeRu2Si2 is completely described by the oscilla-
tor functions e~(ta), P,"~(to), and P„,(to). They corre-
spond to collective modes which become soft at the criti-
cal field. This result is surprising since CeRu2Si2 exhibits
no long range magnetic order and its thermodynamic
properties reveal no phase transition at B,.

An overall synthesis can be given within the Fermi
liquid theory of Landau. Following this approach the

propagating modes are interpreted as representing an

electronic zero sound mode and a spin wave for 8
& B,[e,"„(ta),P~, (ta)] whereas for 8 & 8, only a spin

wave is observed [P,~(to)]. These modes can be regarded
as well defined quantities above the hydrodynamic energy
scale (tu& I,"'„). As 8 moves towards 8„ they become
soft, for tag ~ I P'„=I/rtyd they are damped out and a

phase transition is prevented.
In this Letter we show that the dynamic character of

the electronic Fermi liquid in CeRuzSiz can be explained

by the propagation of an electronic zero sound mode and

spin waves. Further experiments on other heavy fermion

compounds are planned.
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