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EVIDENCE FOR MAGNON-MAGNON INTERACTIONS IN RbMnF,

P. A. Fleury
Bell Telephone Laboratories, Holmdel, New Jersey

(Received 27 May 1968)

%e report the observation of light scattering from two-magnon excitations in RbMnF3.
The shape and polarization of the spectrum are compared with theoretical predictions
of Elliott et al. and confirm the importance of magnon-magnon interactions. Tempera-
ture dependences of the frequency and linewidth of the two-magnon spectrum are also
given.

Recent experiments on the scattering' and ab-
sorption &~ of light in antiferromagnets have pro-
vided rather direct access to two-magnon excita-
tions. Processes involving the simultaneous cre-
ation of pairs of magnons (with essentially equal
and opposite wave vectors) have been shown to
probe most effectively magnons in regions of
high symmetry in the Brillouin zone. For simply
structured magnetic systems, knowledge of the
crystal symmetry and the magnon dispersion re-
lation (from neutron scattering) enables one to
predict details of the two-magnon spectrum. It
has already been shown that the simplest such
calculations, which neglect magnon-magnon inter-
actions, produce inadequate agreement with ex-
periment. '~' The effects of magnon-magnon in-
teractions have now been calculated by Elliott et
al.4 for the case of a simple cubic antiferromag-
net, such as RbMnFB. ' Here we report the ob-
servation of the two-magnon scattering of light in
antiferromagnetic RbMnF, that confirms the
striking effects of magnon-magnon interactions
on the spectrum. In addition, temperature de-
pendence of the frequency and width of the two-
magnon spectrum are presented.

The experimental apparatus is described in de-
tail elsewhere. ' Linearly polarized light at 4880
A from an argon-ion laser (-200 mW) was fo-
cused into an oriented single crystal of RbMnF, .
Sample temperature was controlled by a flowing
He-gas arrangement. Light scattered through
90' was frequency analyzed with a double mono-
chromator and photoelectrically detected. The
spectrum obtained at -10'K appears as the solid
line in Fig. 1.

In the preceding Letter, it was argued that the
effects of magnon-magnon interactions should be
more readily observable in spectral measure-
ments than in thermodynamic or other experi-
ments, primarily because of the local nature of
the magnons' interaction with light. The nature
and strength of the magnon-magnon interaction
are already contained in the usual nearest-neigh-
bor Heisenberg exchange Hamiltonian' and in the
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FIQ. 1. Two-magnon light scattering in RbMnF3 at
10'K. The solid line shows experimental results

with an instrumental width of less than 2 cm ~. The
r,' component was observed with E parallel to t110],
E' parallel to [110]. Dashed curve is theoretical pre-
diction for I'3+ without magnon-magnon interactions.
Dotted curve is theory for I'3+ with magnon-magnon
interactions included. The frequency of magnons at the
X point in the Brillouin zone is at X.

nonlinear character of the Holstein-Primakoff
transformation. ' Therefore, the effects of mag-
non-magnon interactions on light scattering con-
tain no adjustable parameters. The case of mag-
non-magnon interactions is thus different from
the magnon-exciton case in which the sideband
position may be adjusted by proper choice of the
excited-state exchange parameter, J'.

The symmetry and selection rules of two-mag-
non light scattering are unchanged by the inclu-
sion of magnon interactions.

On the basis of other two-magnon scattering
experiments, in antiferromagnetic MnF, and
FeF„we expect the two-magnon state responsi-
ble for light scattering to be composed of one
magnon from each of the antiferromagnetic sub-
lattices. ' As mentioned by Elliott et al. ,

' this im-
plies that the most important terms in the Hamil-
tonian describing scattering of the incident field
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E into the scattered field E' contain spin contributions of the form SR SR+ r- . Here R and R+ r are
vectors referring to sites on spin-down and spin-up sublattices, respectively. The most general form
for such an interaction Hamiltonian is

se =QQ Q E E, B (r)S-„S-„

The symmetry of the magnetic crystal dictates the form of the B tensor. For a simple cubic perov-
skite antiferromagnet like RbMnF„ the proper form of (1) is

fB K F.'+B [(E r)(E' r)-&E E'])S S-
R r 1 3 R R+r'

The notation is the same as that of Ref. 4. The fact that terms multiplying B, and B, transform as I'y+

and I', , respectively, implies that the following polarization combinations will govern the scattering
experiment:

for I', , (E E')';

for 1, (E E ')'+(E E ')'+(E E ') EE -'E E '-E E 'E E ' EE 'E-E
3 x x p g z z x x J J x x z z p p z z

The coordinate axes refer to those of the cubic
unit cell.

The I',+ and I',+ contributions were separated
experimentally by orienting the crystal so that
light polarizations in [110]type directions were
convenient. The data of Fig. 1 were obtained
with E parallel to [110]and K' parallel to [I10].
Since these are orthogonal polarizations, the I',+

component does not appear. From the fact that
the same shape was obtained with both E and E'
parallel to (100), we infer that B, is much great-
er than &y in RbMnF, . The absolute scattering ef-
ficiency for the two-magnon peak in RbMnF, is
of the same order as that in MnF„-10 "cm
sr '.

As mentioned previously, these considerations
are independent of magnon-magnon interactions.
These interactions affect the details of the line
shape. The shape of the I,+ component at -10'K
in RbMnF, is compared with the predictions of
Elliott et al.4 in Fig. 1. The experimental curve
is the solid line; the dashed line represents the
theory that ignores magnon-magnon interactions;
the dotted line represents the theory including
magnon-magnon interactions. For the theoreti-
cal curves the value of Emax =2nS Jwas deter-
mined by S= ~, n=6, and J=4.7 cm '. The ex-
cellent agreement between the solid and dotted
curves provides striking confirmation of the im-
portance of interactions between magnon pairs
excited by light. It should be emphasized that
there are no shape or position determining pa-
rameters in the theory which can be adjusted to

fit the experiment. Only the peak intensity of the
theoretical curve was normalized to the experi-
mental data.

Some other features of the two-magnon peak
which have yet to receive theoretical attention
have also been studied experimentally. We have
measured the temperature dependence of both
the frequency and linewidth of the two-magnon
spectrum. The frequency of the peak-intensity
point decreases smoothly from 133 cm ' at 10'K
to 92 cm ' at 71'K. Some scattering is still ob-
servable at 80'K, although precise location of the
peak is difficult. The Noel temperature of RbMnF,
is 82.5'K. As T increases the two-magnon peak
becomes more asymmetric and develops a low-
frequency tail. The full width at half maximum
increases from -ll cm ' at 10 K to -52 cm ' at
71 K. Both the width and peak frequency of the
two-magnon spectrum are affected by a decrease
in zone-edge magnon frequency' and an increase
in the importance of magnon-magnon interactions
as T is increased toward TN- Generalizations of
the theory to finite temperatures should provide
additional interesting information on magnon in-
teractions, and possibly on the magnetic phase
transition itself.

Generalizations of the theory to the slightly
more complicated tetragonal antiferromagnets,
like MnF„ is also desirable. Our results on
RbMnF, make it quite likely that previously not-
ed discrepancies' on the two-magnon line shapes
will be resolved by including magnon-magnon in-
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teractions.
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The frequency-dependent dielectric function e(cu) of an inherently zero-gap semiconduc-
tor, such as grey tin, has unusual properties at low temperatures. In undoped samples
z(u) -&; in doped samples interband effects considerably modify the coefficient of

—f/2.

the additional cu term from its free-carrier value, the sign being reversed for p-type
impurities. These properties should be observable in reflectance measurements.

It has recently been shown' that the zero-
temperature dielectric function &(q) of a semi-
conductor whose highest conduction- and lowest
valence-band4 edges are inherently degenerate at
a point in k space exhibits a 1/q singularity for
small q. Here we consider the frequency-depen-
dent dielectric function e(&u) and show that it has
some interesting properties which should be ob-
servable by infrared reflectance measurements
at low temperature. We find that the dielectric
function of an undoped semiconductor of this type
contains an cu term. In a doped sample one
finds, for intermediate frequencies, an addition-
al ~ ' term whose coefficient differs from that
of the Drude theory and for holes even has the
opposite sign.

A semiconductor with this band structure is
grey tin' in which the degeneracy is at k = 0 (see
Fig. 1). Grey tin has the diamond structure and
the bands shown are related to the valence bands
of Si or Ge, with the important difference that
the curvature of the light-mass band is reversed.
We shall concern ourselves explicitly with this
structure, which is also that of HgTe, HgSe. e

The dielectric function is conveniently split in-
to two parts:

((ed) = e ((d) + E' ((d)i

where e( ) arises from transitions involving only
the conduction and valence bands and e( ) is the
contribution from all the other bands in transi-
tions between themselves and with the conduction
and valence bands. For frequencies much less
than the direct gaps between these other bands
and the conduction and valence bands e(~)(&u) may
be considered constant, and for grey tin it may
be shown to be of the same order as the dielec-
tric constant of Ge or Si.

We write

The contribution to e', (~) of an electron in the
state Ik, i), where i = 1, , 4 labels the doubly
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FIG. 1. Conduction- and valence-band extrema in in-
trinsic grey tin (after Groves and Paul, Ref. 5).
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