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Inelastic neutron scattering study of magnetic interactions in CsMn„Mgt „Br3.
II. Magnetic excitations in clusters of Mn + ions
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Crystals of CsMn Mgl Br3 with x =0.14, 0.28, 0.50, and 0.75 were synthesized and studied by
inelastic neutron scattering (INS). Excitations of isolated Mn + dimers, trimers, and tetramers could
be identified on the basis of their characteristic dependences on temperature and momentum transfer.

They show no energy dispersion and can be observed in all the crystals studied. From the observed

energy splittings the following exchange parameters were deduced: Jdi „———838 peV (bilinear ex-

change), Kdi „——8.8 peV (biquadratic exchange); J,„; „=—777 peV, J,'„„=—1l peV (second-

nearest-neighbor bilinear exchange), K„;,„=8.4 pe V, L =6. 1 peV (three-center interaction).
Second-nearest-neighbor exchange as well as two- and three-center biquadratic terms significantly

contribute to the exchange coupling. The bulk properties of pure CsMnBr3 can be reproduced with

the parameters derived for the small clusters. INS spectra of the x =0.50 and x =0.75 crystals show

two distinctly different types of excitations: relatively sharp bands with no energy dispersion which

are predominantly due to dimer and trimer transitions; superimposed is a broad band, more intense

in the x =0.75 spectrum, with spin-wave-like energy dispersion. The applicability and limits of clus-

ter and spin-wave models to account for the observed INS features are discussed.

I. INTRODUCTION

In a previous paper (paper I, Ref. 1) we demonstrated
that the spin-wave dispersion of the one-dimensional (1D)
Heisenberg antiferromagnet CsMnBr3 can be well ac-
counted for by an effective Hamiltonian of the form

gj= —2 g J,,S,'S, +D g(S )'

in which the sum g; includes all the nearest neighbors
within and between the chains of Mn + ions, and the J;~'s
are phenomenological exchange parameters. In the
present paper we wish to explore the applicability of the
Heisenberg model and the various contributions to the
J;J's in some more detail by studying small clusters of ex-
change coupled Mn + ions in mixed crystals of composi-
tion CsMn„Mg& „Br3 (x=0.14, 0.28, 0.50, 0.75). We
also want to address the question whether a cluster model
which was successfully applied to interpret the neutron
spectroscopic data for Mn + concentrations x &0.28, or a
spin-wave model is more adequate for a description of the
magnetic excitations for x )0.50.

In contrast to magnetic systems with extended interac-
tions small clusters of magnetic ions have the advantage
that the relevant exchange Hamiltonian can be solved ex-
actly. The magnetic excitations have localized molecular
character and thus show no energy dispersion. As a re-
sult the cluster energy levels can be experimentally deter-
mined with great accuracy. We chose mixed crystals of

CsMnBr3 and CsMgBr3 for various reasons. Both com-
pounds crystallize in the hexagonal space group
P63/mmc, and their unit cells are the same within experi-
mental accuracy: a=7.61 A, c=6.50 A. The structure
consists of chains of face-sharing llfBr6 (M =Mn +,
Mg +

) octahedra parallel to the c axis. CsMnBr3 exhibits
pronounced 1D magnetic behavior with J" (interchain)
approximately 3 orders of magnitude smaller than J (in-
trachain). ' As a result J" can in good approximation be
neglected in the study of clusters in the mixed crystals.
All the clusters are thus linear chain fragments with com-
position Mn„Br3„+& oriented parallel to the c axis. In
contrast to three-dimensional (3D) systems, in which the
number of structural isomers increases very strongly with
increasing cluster size and thus complicates the situation,
there are no isomers in our 1D system. Mixed crystals
CsMn Mg& Br3 can be synthesized for any value of x.
The concentration x is therefore an important experimen-
tal variable, which determines the cluster size distribution.
Since the unit cells of the two constituents are the same, it
is a good assumption that the distribution of Mn + and
Mg + ions is statistical.

The Mn + ion is a very close realization of a spin-only
magnetic center. Its free-ion ground state is S, and in the
(slightly trigonally distorted) octahedral crystal field it is

Alg with g =2.00. It is thus an ideal candidate for
Heisenberg interactions with S =—', .

The technique used in this study to explore the magnet-
ic cluster excitations is inelastic neutron scattering (INS).
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It allows a discrimination between magnetic and phonon
excitations on the basis of their dependence on tempera-
ture T and scattering vector Q. It offers an additional ad-
vantage over optical spectroscopic techniques (IR, Raman
spectroscopy) in the study of magnetic excitations. This is
based on the fact that neutrons, in contrast to photons,
can directly interact with the spin system. As a conse-
quence, excitations within the exchange-split ground man-
ifold are observable, while they are forbidden for photon
spectroscopy. As we show in Sec. II, excitation intensities
of the various clusters (dimers, trimers, etc.) all have
different Q dependences. They can thus experimentally
be distinguished. An important and fundamental ques-
tion for understanding magnetic interactions is concerned
with higher-order exchange terms in the Hamiltonian.
How relevant are effects like biquadratic exchange and
three-center interactions? We will demonstrate that the
study of dimers and trimers in CsMn Mg& „Br3 provides
quantitative answers to this question.

II. THEORY
A. Energy splittings
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The Heisenberg model is based on the bilinear spin per-
mutation operator

P;~ = —,'(1+S,.'S~) . (2)

P&P)I, ———,[1+S; S, +S~ Sk+(S; .SJ)(SJ'S4)], (3b)

PJPkt ———,'[1+S; S, +Sf, Si+(S; S)(~S Skt.)] . (3c)

The expressions (3a), (3b), and (3c) refer to two-spin,
three-spin, and four-spin interactions, respectively. All
these interactions are isotropic. Anisotropy effects may
arise from the single-ion anisotropy and magnetic dipole-
dipole coupling. Zero-field splittings of Mn + ions in a
similar ligand environment have been found by EPR to be
of the order of 0.02 meV. Magnetic dipole-dipole in-
teractions have an isotropic part which is included in the
parameter J. The anisotropic part is calculated to be
smaller than 0.02 meV. In comparison with the exchange
energies, these anisotropy energies are considered to be
negligible.

For a dimer the exchange Hamiltonian, up to second
order in spin operators, can be written as

&d;~,„=—2JS ( S2 —K (S ) S2 ) (4)

where J and E are bilinear and biquadratic exchange pa-
rameters, respectively. Equation (4) is diagonal in the
basis

~
S,M ) where S denotes the total dimer spin

S=S&+Sz. For S& ——Sz ———,
' the total spin can take any in-

teger value between 0 and 5, and the eigenvalues are given
by

A more complete Hamiltonian takes perm utations of
more than two spins into account. The relevant terms up
to second order (biquadratic terms) can be written as

P;, = —,'[1+2S,'S, +(S; S~) ], (3a)

-0.02 -0.01 0 0.01 0,02
K
J

FIG. l. (a) Calculated Mn + dimer energy levels using Eq.
(5). Allowed INS transitions are indicated with the square of
their transition matrix elements. Solid and dashed arrows
denote observed and unobserved transitions, respectively. The
energy scale corresponds to J = —838 peV. (b) Low-energy part
of Mn + trimer exchange splitting pattern, calculated with Eq.
(7) and the parameters given in Sec. VB. Transitions are indi-
cated as in (a).

E(S)=(—J+—", K)S(S+1)

E[(S).S2) +(S2 S3)—]—K'(S, S, )

L[(S) Sq)(S2 S3)+(S—3 S2)(S, S,)], (6)

where J' and E' are second-nearest-neighbor exchange pa-
rameters and l, represents three-center interactions. We
use the coupling scheme: S&3——S&+S3 and S=S»+S2.
With 0&S» & 5 and

~
5» ——', ~

&S &S»+—', we obtain a
total of 27 spin levels. For dominant bilinear interactions
Eq. (6) can be solved to a good approximation by first-
order perturbation theory in the basis

~
S»,S). The ener-

gies are then

The energy splitting pattern is shown in Fig. 1(a) for anti-
ferromagnetic exchange as a function of the ratio K/J.

For a linear trimer the exchange Hamiltonian is given
by

&,„„=—2J (S) S2+S2.S3)—2J'S, S3

E(S)3,S)=—JS(S+1)+(J—J'+ —4'E')S)3(S)3+1)——,'E'S(3(S)3+1) —K(S(3,S
~

(S(.Sp) +(Sp.S3) ~S(3,S)
L(SI3,S

~
(S( S2)(S2-S3)+(—S3-S2)(S) S))

~
S)3,S)+—", (J+2J —", E ) . —
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The expectation values of the low-lying trimer levels were
given in Ref. 4. The corresponding splitting pattern is
shown in Fig. 1(b).

For clusters with four and more (n) Mn + centers there
exists no simple basis of functions which diagonalizes the
bilinear Heisenberg Hamiltonian

n —I

&=—2J g S;S;+i.
i=1

The total spin S and M remain the only good quantum
numbers. The full energy matrix has to be evaluated and
diagonalized, which becomes progressively more cumber-
some as n increases. For dominant antiferromagnetic
nearest-neighbor exchange J the low-energy part of the
splitting patterns for n=4, 5,6 is given in Fig. 2. The
ground level for antiferromagnetic clusters with an even
number of Mn + centers is always a spin singlet as ex-
pected.

B. Neutron cross section
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The cross section for a transition
~
r, S)~

~

r', S'} in a
system of isolated clusters of magnetic ions can be
brought to the following form:

FIG. 2. Low-energy part of Mn + tetramer, pentamer, and
hexamer exchange splitting pattern, calculated by diagonalizing
the energy matrix of Eq. (g). The arrows denote the observed te-
tramer transitions.

CT

dQdG9
E (S)

B ~,p

Q Qp
z g exp[iQ-(RJ —RJ )] g (ASM

~ SJ ~

r'S'M'}(r'S'M'
~

Sz~
~

ASM }
jJ M, M'

X5[fico+E (S) E(S')]— (9)

and

C =—
2

F (Q)exp[ —2W(Q)] .ye k'
2

M~C

stands for other quantum numbers which characterize the
cluster level. For dimers and trimers of identical spins
the cross section for transitions ~S)~ ~S') and

Si 3,S}~
~

S'», S' ), respectively, simplifies to

X is the total number of magnetic clusters in the sample,
Z the partition function, k and k' the wave numbers of
the incoming and scattered neutrons, respectively,
Q=k —k' is the scattering vector, F(Q) the magnetic
form factor, exp[ —2W(Q)] the Debye-Wailer factor, and
Rz the position vector of the jth magnetic ion in the clus-
ter. a,P=x,y, z. S denotes the total cluster spin and ~

d2
=C'Z(S)F'(Q)

I
Ts s I'

dimer

X [1+(—1) + cos(Q.R,z)],

and

2 I

trimer

=C"p(Sis,S)F (Q)
~ Ts, s s, s.

~
{1+(—1) " "cos(Q.Ri3)

+25(Si3 y S i3 )[1—cos(Q.Ri2) —cos(Q.Rz3)]] .
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A11 the constant factors which are irrelevant in the present
context are summarized in the constants C' and C". p (S)
and p (St3,S) are Boltzmann population factors and
R 'j R ' Rj Tp p and Tz„& z „z. re transition ma-

trix elements defined in Ref. 5. The following selection
rules are easily derived from the cross-section formulas:

Dimer excitations: AS =0,+1,
AM =0,+1,

Trimer excitations: AS =0,+1,
AM =0,+1,
AS)3 ——0, +1 .

(12a)

(12b)

mer

2

Allowed transitions are indicated by arrows and the
square of the corresponding matrix element in Fig. 1.

The expressions in square brackets in Eqs. (10) and (11)
are so-called interference terms. They reflect the
geometry of the cluster and its orientation in the crystal.
Together with the form factor these interference terms
determine the Q dependence of the cross section. Figure
3 shows the calculated Q dependence of the interference
terms for dimer and trimer excitations. The modulations
resulting from the interference term are seen to be charac-
teristic for a given transition. Trimer excitations with

AS/3 —0 and AS&3 ——+1, e.g. , have the opposite behavior
between Q=(0,0, 1.0) and (0,0, 1.5).

III. EXPERIMENTAL

The following starting materials were used for the
syntheses: CsBr (Merck, suprapur), MnCO3. nHzO
(Merck, pro analysi), MgBr2 (Ventron), HBr solution
(Merck, suprapur, 47%), HBr gas (Merck, 99.8%).
CsMgBr3 was prepared by melting stoichiometric
amounts of CsBr and MgBr2 in a stream of dry HBr at
700 'C.

CsMnBr3 was synthesized as follows: MnCO3 nH20
was dissolved in an excess of 10% aqueous HBr. One-
fifth of the stoichiometric amount of CsBr was added and
the solution was slowly evaporated at 50 C. The first
fraction of crystals consists of platelike CsMnBr3-2H~O.
They were separated by filtration and then dehydrated at
130'C in an oven. For a complete removal of H20 the
powder was placed in a large ampoule, which was slowly
heated under vacuum ( ~10 Torr) to 300'C. For the
synthesis of mixed crystals CsMn„Mg& Br3 the ap-
propriate amounts of CsMnBr3 and CsMgBr3 were mixed
and placed in graphitized silica ampoules of 7 mm inner
diameter. This mixture was heated under vacuum to
300'C until the pressure was smaller than 10 Torr.
The ampoule was then sealed and placed in a Bridgman
furnace for crystal growth. Pulling rates were between
0.01 and 0.03 mm/min. All the anhydrous materials are
air sensitive, and consequently all the manipulations were
done in the inert atmosphere of a dry box.

Single crystals of typically 15 mm length were oriented
so as to place the (101) plane into the scattering plane.
The majority of the INS experiments were performed at
the reactor Saphir in Wurenlingen with use of the triple-
axis spectrometers R2 and R5. Either the incoming or
outgoing energy of the neutrons was kept fixed at 13.7 or
15.0 meV. High-resolution INS experiments were per-
formed at the DR3 reactor in Risd with use of the triple-
axis spectrometer TAS7 which is installed at a neutron
guide connected to a cold H2 source. The scattered neu-
tron energy was held constant at 5.0 meV, giving rise to
an energy resolution of 0.28 meV. To gain intensity all
experiments were carried out with use of a vertically or
doubly bent graphite monochromator as well as a hor-
izontally bent graphite analyzer, with the (002) planes as
scattering planes for most scans. Pyrolitic graphite or
cooled beryllium filters were inserted into the neutron
beam to reduce higher-order contamination. The mea-
surements were carried out in the neutron energy-loss
configuration for several scattering vectors Q=(0, 0,$) in
the temperature range 2 K (T (70 K.

IV. RESULTS

2.505 1 15 2

FIG. 3. Dirner and trimer excitation intensities observed for
CsMno „Mgo 7,Br3 at T=5 K and Q=(0, 0,$). The solid lines
correspond to the interference terms of Eqs. (10) and (1I). (a)
Dimer transition

~
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~
1); (b) trimer transition

~
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Figure 4 shows energy loss INS spectra of
CsMn Mg& „Br3 crystals with composition x =0.14,
0.28, 0.50, and 0.75 at low temperatures. A band at 1.8
meV dominates the spectra up to x=0.50. Its position is
independent of concentration and it is still discernible in
the x=0.75 spectrum, where it is superimposed on a rath-
er intense broad background. This 1.8 meV excitation is
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TABLE I. Observed and calculated energies of cluster excita-
tions in CsMnp z8Mgp 7zBr3. The calculated energies for the di-

mer, trimer, and tetramer excitations result from Eqs. (5), (7),
and (8), respectively, with the corresponding coupling parameters
given in Sec. V. For the tetramer J = —834 peV was used.

transfer. As g varies from 1.0 to 1.5, a broad peak moves
to higher energy and reaches a final position of approxi-
mately 8 meU at Q=(0,0,1.5). Its width appears to de-
crease with increasing g, and its position, indicated by a
double arrow in Fig. 7, is better defined for large g. The
behavior of this band is typical of a collective excitation,
and it is reminiscent of the spin-wave excitations in pure
CsMnBri. ' The x=0.50 crystal shows a similar Q depen-
dence. But in this case the dimer and trimer excitations
still dominate the inelastic intensity.

Table I shows a comparison of observed and calculated
dimer, trimer, and tetramer excitation energies. Within
experimental error there is no difference of the observed
exchange splittings for x =0.14 and x=0.28. For x=0.50
and x=0.75 no detailed data analysis was performed.

V. ANALYSIS AND DISCUSSION

A. Dimer excitations

The energies of the dimer excitations approximately fol-
low the Lande interval rule expected for bilinear exchange
only. As shown in Table I, the substantial deviations ob-
served for the

i

2 & ~
i
3 & and

i
3 & ~

i
4 & transitions are

accounted for by the inclusion of a biquadratic term in the
Hamiltonian, i.e., by the use of Eq. (5). The parameter
values obtained from a least-squares fit to the data are

Jdimer = —838+5 peV,

imel =8.8+0.8 peV .

The biquadratic parameter is of the order of 1% of the bi-
linear parameter, however, the corresponding corrections
of the dimer energy levels can be up to 4% as shown in
Fig. 1(a). We have demonstrated in a previous publica-
tion that exchange striction is a likely physical origin of
the biquadratic term. A value of

' 2
5J =200 (me V/A )

0

5R R,
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Dimer

Trirner

Tetramer
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i
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f
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8.52%0.09

14.74+0.15
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r „„(mev~
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3.59

5.25

6.76

4.27

6.10

8.53

14.37

4.26

2.44

7.58

2.44

0.79
7.02

was estimated, which typically corresponds to a 15%
change of J when the Mn-Mn distance is compressed or
expanded by 0.01 A. The spin-wave dispersion of
CsMnBr3 can be excellently reproduced by the above di-
mer parameters. Similarly, the magnetic susceptibility is
much better reproduced, particularly at temperatures
below 100 K, by our parameters than by a model with
only bilinear exchange.

B. Trimer excitations

For the assignment of the eight observed trimer transi-
tions their T and Q dependence was used in addition to
their energies, which were approximately predictable on
the basis of the dimer parameters. For an evaluation of
exchange parameters Eq. (7) was fitted to the observed
transition energies by a least-squares procedure. The re-
sult obtained with the following set of parameters is
shown in Table I:
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J= —777+6 peV,
J'= —11+9peV,

K =8.4+0.9 peV,

L =6.1+0.6 peV,
K' set to zero .

Fits were also made with L set to zero as well as K and L
set to zero. They were significantly worse. In particular,
by the inclusion of L the standard deviation 7 of calcu-
lated and measured transition energies was reduced by a
factor of 1.9. From this we conclude that three-center in-
teraction terms significantly contribute to the exchange
coupling. This is a result of fundamental importance.
Despite numerous theoretical predictions direct experi-
mental evidence for the existence of such interactions has
been lacking so far. L is found to be of the same order of
magnitude as K, the biquadratic two-center parameter.
This is theoretically not unexpected since both terms ap-
pear in the same order of perturbation theory in the treat-
ment of exchange interactions. Since K is likely due to
exchange striction, it is of course tempting to attribute L
to magnetostrictive forces as well. For %=K =L and
K'=0 Eq. (6) simplifies to

&,„„=—2J(S) Sq+S2 Sg) —2J'S) Sq

—K(S, S2+Sp Sp) (13)

with K as an overall magnetostrictive parameter.
In conclusion, the large number of eight observed tri-

mer transition energies leads to accurate exchange param-
eters and thus a very detailed picture of the various con-
tributions to the exchange coupling. It is quite clear that
this cannot be obtained from the spin-wave dispersion of
the concentrated material CsMnBr&, the information con-
tent of which is much smaller.

C. Tetramer excitations

The two peaks at 0.76 and 7.03 meV, which we as-
signed to tetramer

I

0)~
I
1) excitations, have different

Q dependences. The low-energy transition has maximum
intensity at Q=(0,0,1.0) and disappears at Q=(0,0,1.5),
whereas the high-energy peak was measured at
Q=(0,0, 1.5). On the basis of Fig. 2 and the selection rule
LS' =0,+1, the 0.76 meV peak is assigned. to the —0.95J
excitation and the 7.03 meV peak either to the —8.42J or
the —8.56J excitation or a superposition of both. A cal-
culation of the INS cross section shows that only the
—8.42J transition has non vanishing intensity at
Q=(0,0,1.5), and the assignment can be made.

It is, of course, not possible to deduce a set of exchange
parameters as we did for the trimers from only two ob-
servables. But it is interesting to investigate whether the
two excitation energies can be reproduced by the parame-
ters derived for the trimers. Using the parameters given
in Sec. VB we obtain 0.78 and 7.35 meV for the two te-
tramer excitations. The 0.3 meV difference to the experi-
mental value of the high-energy transition is significant.
We conclude that the tetramer exchange parameters are

slightly different from the trimer parameters. A similar
observation was made when going from the dimers to the
trimers. Furthermore, four-center interaction terms based
on the permutations 3(c) are expected to be of similar
magnitude as E and L, and they were of course not in-
cluded in the above calculation.

VI. CONCLUSIONS

A. Exchange parameters

The study of small clusters of Mn + ions in
CsMn Mg& Br& has enabled us to elucidate the nature
of the exchange coupling in this one-dimensional antifer-
romagnetic system. Magnetic excitations in dimers and
trimers proved to be particularly informative. Besides the
dominant bilinear exchange term there are significant con-
tributions from biquadratic two-center and three-center
terms as well as a bilinear second-nearest-neighbor term.
Using these results we are now in a position to interpret
the effective J parameter obtained in paper I from the
spin-wave dispersion of CsMnBrz. Including the above-
mentioned contributions the dispersion of spin waves
propagating along the c axis of CsMnBr& is given by

fico = 10
I

—&J (J—4J') ——", (K +2L )
I

sin (14)

where we have assumed
I

J
I
»

I

J' I, I

K I, I

L
I
. This

has to be compared with

~=10
I
Jef I

sin (15)

obtained from the formalism used in paper I, where

I
J,s I

is the adjustable fit parameter. From a measure-
ment of the spin-wave dispersion we can determine one
parameter,

I
J,s I, but a separation of the various physical

contributions to
I
J,s I

is principally impossible. A nu-
merical comparison of the

I J,s I

values obtained from the
various measurements is interesting; we have

from the study of trimer excitations (with the parameters
given in Sec. VB):

I

—[J(J—4J')]'~2 ——", (K+2L)
I
=884 peV .

The three values are very similar, indicating that this
quantity is a measure of the magnetic energy per Mn + in
the antiferromagnetic state of CsMnBr&. This comparison
also explains, at least partly, the difference of 7%%uo between
Jdimer and Jtrimer

from spin-wave dispersion measurements

I
J.a I

=890 peV

from the study of dimer excitations (with the parameters
given in Sec. VA):
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B. Cluster versus spin-wave model

In the preceding sections the cluster approach was
demonstrated to be very successful and informative in
the interpretation of the CsMno &4Mgo 86Br3 and
CsMno28Mgo72Br3 excitation spectra. The limits of this
approach become apparent when we go to the more con-
centrated crystals with x=0.50 and 0.75.

It would be desirable to selectively determine the ex-
change splitting patterns of Mn + tetramers, pentamers,
and higher clusters. But, as shown above, we were only
able to measure two tetramer excitations in the x=0.28
crystal. There are several limiting factors. The cluster
levels become more and more closely spaced as the cluster
size increases. The observation of individual transitions is
therefore limited by the instrumental resolution. In addi-
tion, the total intensity is distributed among an increasing-
ly large number of excitations, so that individual excita-
tions do not have enough weight to be detected. Finally,
as x increases, the number of types of clusters contribut-
ing to the inelastic scattering increases, amplifying the
above problems. It is interesting, though, that the most
prominent dimer and trimer excitations at approximately
2, 4, and 6 meV are clearly observable features even in the
x=0.75 spectra. In the x=0.50 spectra they even dom-
inate the inelastic intensity. The predominance of dimer
and trimer excitations up to these high concentrations is
the result of the 1D nature of our system, by which small
clusters are statistically favored compared to a 3D system.

The occurrence of a spin-wave-like excitation with pro-
nounced energy dispersion in the x=0.75 and, to a lesser
extent, in the x=0.50 spectrum clearly demonstrates

another limit of the cluster approach. The energies of in-
dividual cluster excitations are independent of Q. It is, of
course, conceivable that for higher clusters a large number
of overlapping individual transitions contribute to the to-
tal scattering, and the observed energy shift is actually the
result of changing relative intensities with Q. An inter-
pretation in terms of spin-wave-like excitations is more
natural, though, particularly in view of the observed max-
imum at g meV for Q=(0,0, 1.5), which is close to the
corresponding value of 8.9 meV for the pure material
CsMnBr3.

A spin-wave approach to magnetic excitations in dilut-
ed 1D magnetic systems has recently been published. '

This theoretical approach is clearly inadequate for
x&0.50 in our system. It is also unable to account for
the dispersionless excitations in the x=0.50 and x=0.75
spectra. However, it appears to be useful for that portion
of the inelastic scattering exhibiting the dispersionlike be-
havior which we observe superimposed on the well-
defined dimer and trimer excitations. In view of the aver-
age fragment size of Mn + ions of only three for x=0.75,
it is understandable that neither a pure cluster nor a pure
spin-wave approach can properly account for the observed
excitation spectrum. We are presently extending our
studies of CsMn Mg& „Br3 to larger x values, in order to
explore this intermediate region in more detail.
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