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CeCy can be classified as a Kondo lattice which shows antiferromagi&f¢ order below
Ty=3.5 K[R. Trumpet al, J. Appl. Phys.69, 4699(199])]. The orthorhombic crystal and the
simple AF magnetic structure with two magnetic moments in the primitive unit cell requires two
magnon modes which are observed in zero and low magnetic fields and well described by spin wave
theory. However, at higher fields, at and above 3 T, an unexpected, additional magnetic excitation
is observed. In contrast to the two low-energy magnon modes, it exhibits a stésgter 2 field
dependence and a flat dispersion. Its origin is uncleaR0®5 American Institute of Physics
[DOI: 10.1063/1.1850369

INTRODUCTION zones, at different magnetic fields, and at slightly different

Anomalous rare earth and actinide compounds, includgemp(_araturez{lﬁ, 1.8, and 2.1 Kwell belqw the magnetic

. . : ordering temperature. The orthorhombic crystal and the

ing the so-called Kondo lattices and heavy fermion systems. . . .
. . . Simple AF magnetic structure with two moments in the

have been studied extensively in the past. These systems are Litive unit cell requires two maanon modes

investigated because of the fluctuations in thehell which P q g '

; ; Preliminary"? neutron measurements at zero magnetic
strongly modify the low-temperature properties. CeCs field showed the predicted two magnon modes. Additional
such a Kondo latticéTx=6 K) which also shows antiferro- P 9 '

magnetic(AF) ordering atTy=3.5 K. It crystallize in the experiments were performed at 5 T to determine the field

orthorhombic CeCystructure(Imma No. 74,a=0.442 nm, dtergﬁngfnfreftf :Zefz((e:t?razggﬁn ,:E(;ijg]e d:g::ttgi n':/?(;jdee\l/_vrl]th
b=0.704 nm,c=0.745 nnm. The primitive unit cell contains stronger structu 9 rection. g
two Ce atoms and th&=2/5 Hund’s rule ground state of the
Cée**-ions is split into three doublets due to the crystalline '
electric field(CEP. That leads to two magnon modes and a sor CeCu2 1
CEF level scheme with energies of 9 and 23 meV. In the o (010)12T _
magnetically ordered state the moments are aligned along th e (001)12T
¢ axis even though the CEF prefers taedirection as the Blla, T=1.8K
easy axis of magnetisati&n'.l’he reason for this behavior [
might be that the magnetic exchange is strongly anisotropic%
in the ac plane and the exchange interaction cancels out th3

30

CEF anisotropy. © »0

EXPERIMENTAL RESULTS 10 J
With inelastic neutron scattering experiments in mag- _

netic fields up to 12 T the dispersion of the magnetic excita- 0 1 2 3 2 5

tions was investigateFig. 1). The experiments have been E in meV

performed at the triple axis spectrometer IN12 at the Institut

Laue-l_angeuin in Grenoble, France, in different Brillouin FIG. 1. Inelastic neutron spectra of CgQueasured at IN12 with a mag-
netic field of 12 T along the direction. At two orthogonal X points in the
bc-scattering plane we obtain different intensities because of different struc-
dElectronic mail: roland@schedler-net.de ture factors.
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w () 6T,21K FIG. 3. Field dependend@lia) of the low-energy magnetic excitations of
0 L 0 CeCy measured at the X poini®01) and (010). Data are from three dif-
ferent experiments using two different crystals and cryomagnets, at slightly
different temperature€l.6 and 1.8 K. The bars indicate the full width at
5| 1 ls half maximum of the excitations. Below 3 T we observe the two expected
4 : v Y v v ® Vgoyv : v Y v o magnon modes. Above 3 T a third, unexpected magnetic excitation occurs
with considerably steeper slope than that of the two lower magnon modes.
4 4
> Do ° O o zero field, 6 T, and 12 T. Comparison with previous mea-
g 3t L 6 ® -] OO L] 6 e (3 surements yields agreement within the accuracy of the cor-
< OLO O( responding data. We can deduce from the data that the ap-
w 2) ° 2 parent splitting of the magnon mode with the higher energy
O & Vv (0k0) is in fact an additional excitation with an flat dispersion as
1 T @& v (0 11 clearly seen in the dispersion curves at 6 and 12 T.
(©)12T,21K The field dependence of the energy of the magnetic ex-
0 ) R RSN A o S . !
05 060402 15171518 — 03060402 C|.tat|on.s at the X point in the ordered state is preserlted in
I 18161412 X 02040608 I' 18161412 X Fig. 3, including recent and previous data. Note the different
(011) L (010) K (020) L structure factors for data taken @01) and (010 in the AF
(002) (001) (011) (010) and the ferromagnetically induced state.
(002) (001)
DISCUSSION

FIG. 2. Magnon dispersion curves for CeGueasured at IN12 in different
Brillouin zones and at different magnetic fields: the upper diagram at zero A preliminary model calculatiofi‘was based on an aniso-
field, the middle at 6 T, and the lower at 12 T. The size of the symbols . h int ti treated i field th d
correlates with the measured intensity of the excitations. In the plots atro_plc exchange Interaction rea? m_ mean-fie eory an_
higher fields a third, unexpected excitation occliringles, which is al-  using the random phase approximation. The results of this
most flat. calculation agree well with the measured magnon dispersion
(two mode$ at low fields. However, at higher fieldabove
3 T) the additional, almost nondispersive excitation cannot
Be explained within this model.

In a first approximation, the field dependence of the
magnon modes in the field-induced ferromagnetic state can
be described by the Zeeman splitting of the ground state

of the observed drastic change of the dispersion of this mod
(positive slope for zero field, negative slope for 5 T for the
I'-X direction required a spin wave calculation with aniso-
tropic exchange interactiodsAn additional finding from

these experiments was the observation of an apparent Spllﬁ'oublet(l +> 1->)

ting of the magnon mode with the higher energy as deduced

from different, field dependent scans at selected reciprocal Z€eman splitting: A =2g;mugH, (1)

lattice points(mainly the X poinj. The splitting was only ) ]

observed in fields at and above 3 T. magnetic saturation momentMsa = gj(J)ug, (2)
To elucidate and verify this finding we performed an ) L

inelastic neutron scattering experiment on another GeCu It CEF SPitting>mH=>KkT:  Mss=gjmus, 3

single crystal in fields up to 12 T. The crystal was mounted therefore A = 2M_H @

- sat '

in the bc scattering plane with the vertical field in the

a direction. Magnetization data for fields along the (m=(+|J,|+), gj=Landé factor,uz=0.057 88 meV/T; the

a directiont® show that for temperatures below 2 K, the sys-crystal electric field CEP splitting of CeCy was deduced to

tem switches from the AF state into the ferromagneticallybe 9 and 23 meV.

induced state for field values between 1 and 2 T. From the slopes of the lines in Fig. 3 the magnetic mo-
In Fig. 2 we present the measured dispersion curvements can be determined according to &q. The values for

along thel’- X direction for three different magnetic fields: the slopes are 0.18 meV/{lower), 0.17 meV/T (middle),
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and 0.31 meV/T(uppe). Within the error, the slopes of the To verify the assumptions given above experiments with
two lower lines agree. That leads to saturation moments gpolarized neutrons are necessary because they can distin-
Mga=1.5ug (for the two lower excitations and  guish between magnetic and structural excitations.
Mga=2.7 ug (for the upper excitation

In the literature, the value for the saturation moment in
the observed directiofHlla) is reported to be 1.Gg %1t ~ CONCLUSION
can be seen that the value for the two lower excitations is in By inelastic neutron scattering experiments at high mag-

good agreement to that. The moment, which leads to th@etic fields using different samples of the Kondo lattice com-
third excitation must be much highéfactor 9 than the pound CeCy an unexpected magnetic excitation has been
known saturation moment. observed in the magnetically ordered state in addition to the
A possible explanation could arise from the strongtwo expected magnon modes. Its flat dispersion relation and
crystal-field phonon interaction which was found in Ce€u ts field dependence differ drastically from the behavior of

In previous measurements it was found that phonons with ghe two magnon modes. The origin of this additional mag-
suitable symmetry interact with the crystal field transitionspetic excitation is still unclear.

and becomes shifted in energy more than expected from the

normal temperature behavior. At very high magnetic fields, a

structural conversion was reported possible scenario for ACKNOWLEDGMENT

this unusual excitation might be the 7 meV optical phonon,
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