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AN INELASTIC NEUTRON SCATTERING STUDY ON THE HEAVY FERMION
SYSTEMS CeCuzGez AND CeAgzGez
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An •elast ic neutron scattermg study us performed on the new magnetntally ordered heavy-fermnon systems CeCu,Ge:
and CeAg~Ge, The temperature dependence of the quasnelastlc lnne can be mterpreted m terms of a Kondo type of
behavior In add~tnon crvstalhne electric field trans~tnon energies are reported

CeCu2Ge2 and CeAg2Ge:  are tsostructural to
the prototype heavy fermton system Q'eCu2St2
l"hese ternary compounds crystalhze nn the
tetragonal ThCr2Sl2 structure [1] The  metallic
hnear T term m the specific heat C =  3,T m
large pomtmg towards high effectwe masses m*
However ,  these systems undergo a transition
• to a magnettcally ordered ground state before
a heavy Fermn hqmd phase ns fully built up The
results from specnfic heat [2], resnstwtty [1] and
dc suscepttblhty [3] measurements  lndtcate the
onset of magnettc order m both systems w~th
transmon temperatures  TN = (4 15 ± 0 05) K and
7 K for CeCu2Ge2 and CeAg2Ge2, respectwely

We performed melast~c neutron scattering
experiments and nnvesttgated nn detad

(n) the sphttmg of the 4f ~ ground state J -
multtplet m the presence of the crystalhne
e lecmc  field (CEF) and

(u) the temperature  dependence of the mag-
netic relaxation rate, as determined by the
wndth of the quaslelastnc lme m the mag-
netic neutron scat termg spectra

(t) Crystal electric field sphttmg
The splnttnng of the ground state multlplet due

to crystalhne e l ecmc  field effects was studted
usmg the ttme-of-fltght spect rometer  IN4 of the
Institute L a u e - L a n g e v m  (ILL) m Grenoble  utll-
rang mcadent neutron energnes of Uo = 12 5, 30
and 50 meV Fsg 1 shows the neutron energy-
loss spectra of CeCu2Ge2 and CeAg2Ge2 taken
at an average scat termg angle of 11 3 ° at low

temperatures  ( T  >~ TN) In each compound one
CEF-transl t ion can be clearly identified
(CeCu2Ge2 hA = 16 5 meV,  CeAg2Ge2 hA =
11 meV) An tdentlficatlon of the magnetic
scat termg is possnble by comparmg spectra at
different temperatures  and at low and htgh scat-
termg angles In addttlon, the nonmagnettc  1so-
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Fig 1 Scattermg law for an average stattermg angle 0 =
11 3 ° as a functson of neutron energy transfer ho) as
obtained for CeAg2Ge~ at 10 K and for CeCuzG% at 5 K
The mc~dent neutron energy for these measurements was
30meV The small peak at 10meV ns due to pho ton  scat-
terlng m both compounds
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structural compounds  LaCu2Gez and LaAg2Ge2
have been measured From the symmetry of the
Ce-slte one expects that the J = 5/2 multlplet is
split into three doublets interconnected by at
least two magnet ic  dipole transitions with non-
zero matrix elements After  p rehmmary  data
reduct=on there is no ewdence  for a second or
even a third crystal field trans=tlon an either
compound  within the range of energy transfers
0 5 meV ~< hto ~< 50 m e V  accessible m the
present exper tment  (a thorough analys~s m terms
of weighted d~fferences between the spectra of
the La- and the Ce-compounds  as a function of
tempera ture  and scattering angle Is m progress)
Support  for the view that C E F  sphttmgs of the
present series of isomorphic Ce-compounds  can
be regarded as an effective two level system
comes from specific heat measurements  on
CeCueGez  [2] and on CeCuaSl:  [4] which show
that the mult~phclty of the excited C E F  states is
four, grouped either m one quartet  or two
closely spaced doublets The  mterpre tanon of
prewous neutron measurements  on CeCuzS12 [5]
is of course at variance with this v~ew There,
two CEF-transltlOnS have been ldennfied, a
strong one at 33 meV and a second weaker  one
at 15 meV As th~s weaker  t ransmon falls into a
range of high phonon density this ldennficanon
could be somewhat  questionable as it might
depend on the subtleties of the data reducnon,
see also ref [6]

It zs worthwhde to mention that the hne w~dth
of the C E F  t ransmon in these compounds  is very
different The  relatwe full width at half maxi-
mum AE/E --~ 10%(CeAgzGez) ,  ~ 2 5 % ( C e C u : -
Ge2) and ~ 3 5 % ( C e C u 2 S b )  [5] At present ~t ~s
unclear whether  th~s hne w~dth effect ts due to two
closely spaced doublets, due to structural proper-
nes, due to magnetoelasnc couphng or due to
correlation effects of the 4f electrons

(u) Temperature dependence of the hne width of
the quas:elasttc hne

In rare-earth compounds  with a stable 4f
ground-state mult~plet one expects a Kor rmga
type of behawour  for the quaslelastlc line width,
namely I ' =  akBT For rare-ear th  ions with a
stable moment  a is typically 10 -s [7] Due to a

strong couphng between conduction electrons
and the locahzed 4f electrons some Ce and Yb
compounds  behave completely differently [7] In
valence fluctuation systems 1" is large and tem-
perature mdependent  There,  the width of the
quaslelastlc hne is a measure of the charac-
teristic temperature  In ddute and dense Kondo
systems one expects the spin relaxanon rate of a
Fermi hqmd with F ( T ) = F o + T X / I "  [7] The
residual hne w~dth F0 ~s a measure of the
charac tensnc  Kondo  tempera ture  TK This
behavior  has indeed been observed for several
Ce-based Kondo  systems [8]

The  measurements  of the quas~elasnc line
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Fig 2 Scattering law versus hto for an average scattering
angle of 0 =  19 ° as obtained for CeCu2Ge2 at a series of
temperatures (T  N = (4 15 • 0 05) K
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width have  been  p e r f o r m e d  at the  t~me-of-fl~ght
s p e c t r o m e t e r  IN6 l o c a t e d  at the  co ld  source  of
the H F R  at the  I L L  I n & c e n t  neu t ron  ene rg i e s
of 2 5 m e V  have  been  used  Some  of the  da t a  as
o b t a i n e d  m CeCu2Ge2  are  shown m fig 2

A t  I 5 K,  which  is well  be low TN, a well
def ined  e x o t a t l o n  at 1 m e V  ~s c lear ly  obse rv -
able ,  whtch we in t e rp re t  as a m a g n o n - h k e  exci-
ta t ion in the magne t i c a l l y  o r d e r e d  phase  Wt th
inc reas ing  t e m p e r a t u r e s  these  ine las t ic  s ca t t e r ed
in t ensmes  m e r g e  into a quas le las t ic  hne  In the
p a r a m a g n e t l c  s tate  ( T - >  4 2 K) this quas le las t lc
line c a n - m  a first a p p r o x i m a t i o n - b e  d e s c r i b e d
by a Loren tz lan  l ine shape  w e i g h t e d  with a
de ta i l ed  ba l ance  fac to r  F o r  T ~< 25 K there  ap-
p e a r  s ignif icant  dev i a t i ons  f rom a s ingle  L o r e n t -
zlan hne shape  ind ica t ing  the i m p o r t a n c e  of
sho r t r ange  o r d e r  co r r e l a t i ons

No well def ined  m a g n o n  hnes  were  d e t e c t a b l e
In C e A g 2 G e 2 ,  even  at 1 5 K H o w e v e r ,  be low
7 K Gauss l an  con t r i bu t i ons  in add i t i on  to the
Loren tz l an  hne  shapes  are  i m p o r t a n t  and m-
& c a t e  at least  s h o r t - r a n g e  o r d e r  effects  Fo r
T > 7 K a s ingle Loren t z l an  g ives  a r e a sonab ly
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Fig 3 Temperature dependence o[ the quaslelastlc hne
wxdth 1 (hwhm) for CeCu2Ge2 and CeAg2Gez The hnes are
calculated using a Kondo type of behavlour F(T)=
Fo + 3,',/F

well  desc r ip t ion  of the  e x p e r i m e n t a l l y  o b s e r v e d
line shapes  Fig  3 shows the  t e m p e r a t u r e
d e p e n d e n c e  of the  half wid th  at half m a x i m u m
F ( T )  of the  Loren t z i an  hne  for  bo th  c o m p o u n d s
inves t i ga t ed  T h e  e x p e r i m e n t a l  da ta  can  well  be
d e s c r i b e d  using a K o n d o  type  of b e h a v l o u r  with
res idual  hne  widths  1"o of 0 35 m e V  (CeCu2Ge2)
and 0 15 m e V  ( C e A g G e 2 )  y ie ld ing  cha rac t e r i s t i c
t e m p e r a t u r e s  TK = 4 and  2 K,  r e s p e c u v e l y  T h e
K o n d o  t e m p e r a t u r e s  In these  sys tems are,  t he re -
fore ,  smal le r  than the  m a g n e t i c  o r d e r i n g  t em-
p e r a t u r e s  so that  a h e a v y  F e r m l - I i q m d  phase
canno t  be fully d e v e l o p e d  Yet ,  m e d m m - h e a v y
fe rmlons  have  r ecen t ly  found  to exist  m
the  an t l fe r romagne t~ca l ly  o r d e r e d  phase  of
CeCu2Ge2  [3]

T h e  work  at  Ma lnz  was s u p p o r t e d  by the
B M F F ,  work  at D a r m s t a d t  was s u p p o r t e d  by  the
S o n d e r f o r s c h u n g s b e r e l c h  65, F r a n k f u r t / D a r m -
s tadt
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