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Resonant Brillouin scattering in CuBr
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We have studied the dispersion of polaritons in CuBr by means of resonant Brillouin

scattering. As a result of k-linear terms and exchange coupling the polariton dispersion re-

lations are highly structured. From a theoretical fit we have derived the pertinent exciton
parameters and from them the corresponding Luttinger band parameters. The scattering
mechanisms invoked for the interpretation of the experiments are piezoelectric scattering
and deformation potential scattering. On the basis of independently determined

deformation-potential constants it is shown that the deformation-potential scattering suffices

to account for the observed scattering efficiencies in piezoelectric forbidden cases. From an

analysis of the scattering intensities it is possible, in principle, to determine independently

the absolute deformation potentials of the conduction and the valence bands.

INTRODUCTION

The problem of the dispersion of excitons in

direct-gap semiconductors with degenerate valence
bands is receiving increasing interest both theoreti-
cally and experimentally. ' Since the forrnal theoret-
ical treatment of Dresselhaus, Baldereschi and
Lipari, Kane, Fishman, ' and most recently
Honerlage et al. , have calculated the dispersion of
excitons using different approaches. Kane demon-
strated that the energy dispersion, for an arbitrary
direction in k space, results in two bands interpret-
ed as the dispersion of "heavy" and "light" excitons.
In his calculation the electron-hole exchange in-

teraction as well as linear terms in k are neglected.
Fishman extended Kane's theory by including the
so-called short- and long-range exchange interaction.
Honerlage et al. applied the general treatment of
symmetry-breaking effects on excitons outlined by
Cho to CuBr, including the effects arising from the
finite exciton momentum Ak. They obtained the
exciton dispersion from an invariant expansion of
the center-of-mass Hamiltonian in which exchange
interactions up to second order in k are included.

An the experimental side, the analysis of the opti-
cal spectra must take into account the strong in-

teraction between the electromagnetic field and the
excitons resulting in coupled states called (excitonic)
polaritons. Several techniques have been used for
the study of polaritons. Among the most direct
ones are two-photon Raman scattering, also called
hyper-Raman scattering (HRS), ' " and resonant
Brillouin scattering (RBS).' The determination of

the polariton dispersion by RBS has been carried
out in many different semiconductors such as
GaAs, "CdS, ' CdTe, ' CdSe, '" ZnSe, ' Zn Te, '

and HgI2. ' For the zinc-blende-type semiconduc-
tors, up to now, the experimental findings are satis-

factorily explained by the simple two-band model

[GaAs (Ref. (13) and CdTe (Ref. 15)] and by the
three-band model [GaAs (Refs. 1 and 13), ZnSe
(Ref. 17), and ZnTe (Ref. 18)] which take into ac-
count both the heavy and light excitons. In these
materials the theory of Fishman and Kane can be
used due to a small exchange interaction and a
negligible k-linear term. The situation is completely
different in the case of CuBr. This zinc-blende-type
compound has orbitally degenerate valence bands at
k = 0. The energy scheme of the exciton ground
state, at k = 0, consists of the triplet levels I 3 + r4
separated from the "singlet" I 5 by 5„=1.7 meV
(see Ref. 6), the short-range electron-hole exchange
interaction. The latter level is further split by the

long-range exchange interaction into the longitudinal

(I &L) and the transverse (I sT) states, the energy
difference being b, LT = 12.2 meV (see Ref. 6). The
comparison of these splittings with the correspond-
ing ones for GaAs [b„=0.1 meV, b, LT

——0.08
meV (Ref. 13)] shows the importance of the ex-

change effect in CuBr. Besides this particular
feature, the k-linear term has proved to be the origin
of many interesting effects in CuBr.

In this paper, we present the experimental deter-
mination of the polariton dispersion in CuBr by
RBS. This study complements a previous work on
CuBr where, by HRS, a small range in k space was
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covered. ' Since the L-T splitting is large in this
material, by RBS we can reach polariton states with
wave vectors up to 10 cm ' which corresponds to
—, of the distance from the center to the Brillouin-

zone edge. Consequently, compared to HRS, which
yields extremely accurate experimental results for k
up to —1.5 &( 10 cm ', more details can be ob-
served in the dispersion at large k in particular,
those due to k terms. Our experimental results are
well accounted for on the basis of the theory
developed by Honerlage et al. from which reliable
values of the polariton parameters are deduced.

Our observations also reflect the fact that CuBr is

a highly piezoelectric material. The interaction
between the excitonic polaritons and the acoustic
phonons is dominated by piezoelectric rather than

by deformation-potential coupling. From the mea-

sured eAiciency ratio between these two mechan-

isms, we are able to deduce an estimate of the corre-
sponding band deformation potentials. Of particu-
lar interest is the fact that the absolute deformation
potentials of valence and conduction bands can, in

principle, be obtained.

EXPERIMENTAL CONDITIONS

The single crystals of CuBr used in the experi-
ments were grown by a vapor-phase-transport
method in the Laboratoire de Spectroscopic, Stras-

bourg, France. Three types of surfaces have been
studied: the cleaved (110) surface, the (111)natural
surface of thin platelets grown under H2 atmo-
sphere, and the (001) surface obtained by mechani-
cal preparation. The high-symmetry axes for all

samples were determined before optical measure-
ments by x-ray analysis.

RBS experiments were performed at low tem-

perature (20, 5, and 2 K) in nearly backscattering
configuration. The exciting laser beam made an an-

gle of —15' relative to the normal to the surface at
the outside of the crystal and the observations were
almost along this normal. Hence, the scattering
processes can be assumed to occur inside the crystal
along a high-symmetry axis.

The light source was a Stilben-1 dye laser
pumped by a uv argon laser. The power density on
the sample was several W/cm . The spectral width
of the laser line was 0.13 meV full width at half
maximum (FWHM). Its polarization direction was
determined by a Gian prism and a polarization ro-
tator.

The scattered light from the sample went through
a polarization filter and was focused on the entrance
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FIG. 1. Resonant Brillouin scattering measured for a
(111)surface of CuBr at 5 K in backscattering. The
numbers (1~1') indicate the polariton branches of Fig.
7(b). (L) indicates the luminescence band,

slit of a double monochromator. The spectra were
recorded by means of a photon-counting system and
a multichannel analyzer. The resolution of the total
setup was 0.13 meV. The precision in the absolute
measurement of the incident photon energy was
better than 0.1 meV due to simultaneous recording
of reference lines from an argon spectral lamp. In
the case of strong Brillouin peaks, the shifts relative
to the laser line were determined with a precision
better than 0.05 meV. In most of the experiments,
the counting rate was 10 counts per second.

Figure 1 shows the Brillouin spectra observed at
5 K for scattering vectors along the [111]axis. The
polarization vectors of the incident and scattered
light are both parallel to the [110]axis. The lowest
spectrum corresponds to an excitation photon ener-

gy, Ac@; = 2.9644 eV, about 1 meV higher than the
triplet exciton states, E(I 34) = 2.9633 eV. Bril-
louin lines are seen in both Stokes and anti-Stokes
sides, overlapping the exciton luminescence. As the
laser photon energy increases, the shifts of these
lines increase and new lines appear. In the upper-
most spectrum, where the excitation energy is

higher than the longitudinal level E(I ~L) = 2.9766
eV, up to 12 Brillouin lines can be detected on the
Stokes side.

Figure 2 shows the spectra obtained for nearly
the same exciting photon energies at 2 K with

scattering vectors along the [110]direction. The po-
larizations of incident and scattered light are parallel
to the [001] axis. In contrast to the [111]spectra,
the Brillouin lines corresponding to small shifts (la-
beled TA) are stronger than those having large shifts
(labeled LA).
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FIG. 2. Resonant Brillouin scattering measured for a
(110) surface of CuBr at 2 K in backscattering. The
numbers indicate the polariton branches of Fig. 7(a). (L)
indicates the luminescence band.

Figure 3 shows the spectra recorded at 2 K in the

[100] direction for parallel polarization e;
~
~e,

~ ~

[011]. In this direction, the Brillouin lines are broad
and weaker than those observed in the previous
directions. This seems due to poor optical quality
of the polished surface. It is worth noting that the
Brillouin lines were only observable, in this case,
after several etchings in pure HBr (piezoelectric cou-

pling does not occur for this face, thus the effect is

expected to be weaker, see below).
Figures 4, 5, and 6 show the Brillouin shifts as

functions of incident photon energy for [111]direc-
tion with e;~~e, ~~ [110], [110)direction with e;~~e, ~~

[011],and [100] direction with e;(~e,
~ (

[011],respec-
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FIG. 3. Resonant Brillouin scattering measured for a
(100) surface of CuBr at 2 K in backscattering. The
numbers indicate the polariton branches of Fig. 7(b). (L)
indicates the luminescence band.

tively. In the case of the [110]direction, we also
studied the Brillouin spectra for e;~~e, ~~ [110]and

e;ge, with e;][[001]or //[110]. Apart from differ-

ences in the relative intensity of the Brillouin peaks,
the measured shifts are almost the same as in Fig. 5.

In order to deduce from the experimental data
the crystal parameters determining the polariton
dispersion, we start from the Hamiltonian acting in

the eight-dimensional space of the exciton ground
state. This Hamiltonian is constructed by means of
an invariant expansion from products of the elec-
tron spin operator cr = (o„,o»,cr, )

. (cr; being the
Pauli spin matrices), the hole angular momentum
operator J = (J„,J»,J, ) (J; being the angular
momentum matrices for J = —, ), and the com-
ponents of the center-of-mass wave vector k of the
exciton. This Hamiltonian reads

H =Hp+Hi(k)+H, (k),

with

Hp ——hol X~1 + A)o" J,
H ~(k) = (Ck(k„[J„,J» —J, ] + c.p. ) + G &k ~1 + 6z[k„(J„——,J ) + c.p. ]

+ 2G3(k»k, [J»,J, ] + c.p. )) X 1, ,

H2(k) = 5~k o" J + 52[kx(o~J„——, o" J) + c.p. ] + 253[k„k»—,(a~J» + o»J~) + c.p. ] .

1„1~are 2 & 2 and 4 )& 4 unity matrices which
operate on the space of the electrons and holes
respectively, [A,B j = —,(A8 + BA), c.p. stands for
cyclic permutation. The first term Hp describes the

splitting of the exciton ground state at k = 0 caused
by the isotropic exchange interaction (the anisotro-
pic part has been neglected). This interaction yields
the exciton states of symmetry
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FIG. 4. Experimental and calculated Brillouin shifts for the configuration of Fig. 1.

I 3 + I 4 I 5'r and I 5L. The second term H &( k )

represents the k-dependent part which is diagonal
with respect to the electron states. It contains terms
which are directly derived from corresponding
terms of the valence-band effective-mass Hamiltoni-
an. ' CI, is the k-linear term, Gi describes the
isotropic mass, and G2 and G3 indicate the splitting
and the directional dependence of the exciton bands.
The last term H2(k ) gives the k-dependent ex-
change interaction, where we consider only the lead-
ing terms, those bilinear in 0;. and J;.

By using exciton wave functions which transform
as basis functions of the irreducible representations

of the group of k, the matrix representation of H
can be reduced into block-diagonal form for the
high-symmetry directions. This reduction can be
found in Tables III, V, and VI of Ref. 6. The sym-
metries of the reduced blocks in the notation of the
group of the corresponding k vector are

For k~~[100]:

(twice),

b, 2 (twice),

A3 + k4 ( twice each, degenerate through time
reversal ),
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For kll [»11:

Al (once),

Az (once),

A3 (three times, twofold degenerate each),

For k
I I

[110]:

X& (four times),

X& (four times) .

(2)

transverse I &
states. (b, 34 becomes optically al-

lowed for k
I
I[100],&3 for k

1
1[111],

Xl(e !![001]),X2(e ll[11o]) fo« II[110].) The
correspondence and continuity relations between the
notation of Eq. (2) and that of Figs. 7(a) and 7(b)
can be seen in Fig. 2 of Ref. 6. %e designate by

p(k) the oscillator strength of the jth excitons at fin-

ite k. Hopfield's equation for the polariton disper-
sion can be easily extended to the multiple oscillator
case

The representations given in Eq. (2) and the corre-
sponding degeneracies account for each k direction
for the eight exciton states under consideration. The
oscillator strength stems from admixture with the

4rrpj. (k)EJ (k)

eb is the background dielectric constant. The dif-

ferent solutions %co = E (k) of Eq. (3) define the

(3)
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dispersion of the polariton components.
The scattering of polaritons by acoustic phonons

in the backward geometry is governed by the energy
and momentum conservation laws

E (k;) = E.(k, ) + &&
~ q ~,

(4)

k;= k, +-,s+q '

where E (k;), E„(k,) are the energy of the in-
cident and scattered polaritons belonjnng to the mth
and nth branches with wave vector k; and k„
respectively; q is the wave vector of the acoustic
phonon and V is the appropriate sound velocity.
The + ( —) sign corresponds to the Stokes (anti-

Stokes) processes.
We have listed in Table I, the sound velocities for

different directions of the wave vector q and dif-
ferent polarization of the phonons. The notation
used in Figs. 1 —6 to designate the phonon is also
defined in Table I. Using an iterative procedure, we
calculate from Eq. (4) the energy shifts for one-
phonon scatterings (LA or TA) by the polariton
branches resulting from Eq. (3) and fit them to the
experimental results. The limits of error quoted for
the parameters in Table II were determined in the
following way: curve LA 1 ~ 1' in Fig. 4 was fitted
nearly exactly and curve LA 1~ 1' in Fig. 5 was
fitted as well as possible. Each one of the parame-
ters in Table II was then varied independently and
the fit repeated. The limit of error quoted was that
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for which a clear worsening of the fits just men-

tioned could be seen. The LA 1~ 1' lines were
chosen for this procedure as they are the strongest
ones observed (see Figs. 1 and 2). No attempt was
made to ftt the results for the (100) suface (Fig. 6) as
the corresponding lines are broad and poorly de-
fined. The curves drawn in Figs. 4, 5, and 6 are the
results of the fit. The values thus obtained for the
parameters are listed in Table II. The correspond-
ing polariton branches are shown for the three prin-
cipal k directions in Figs. 7(a) and 7(b). The nota-
tion used in Figs. 1 —6 to indicate the polariton
branches involved in the scattering processes, refer
to the labels 1 to 5 of Figs. 7. The numbers are
unprimed for the forward direction and primed for
the backward polariton direction. The exciton states
which are not coupled with light are not represented
in Figs. 7. It is worth noting that Fig. 2 of Ref. 6
displays a blowup of the small-k region of Figs. 7(a)
and 7(b) (the polariton bottleneck). Our experimen-
tal data cannot be fitted without introducing k-
dependent exchange terms. Of these, the most im-

portant is the isotropic 6& term, the anisotropic part
(5p 63 terms) is assumed to be negligible. These
terms could be the origin of the recent-observation
in CuCl of a small curvature difference for the long-
itudinal and transverse exciton bands. " However,
further studies using several well defined geometries
are needed to determine the k-dependent exchange
parameters in CuCl.

As the electron-phonon interaction does not con-
tribute separate terms to the invariant expansion,

2.98

2.96 '

12 8 4 0 4 8 12

WAVE VECTOR { l06 crn')

2.98
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FIG. 7. (a) Polariton curves for k
~

~[110]. The curves
to the right are the components optically active for
e

~

~[001]. Those to the left are active for e
~

~[110]. (b)

Polariton curves for k
~ ~

[001] (left) and for k
) ~

[111]
(right).

TABLE I. Sound velocities in CuBr. The elastic constants are taken from Ref. 33:
C11 = 4 58 g 10 C]z = 3 54 )& 10 o

C44 1 39 g 10'o N/m; p = 5.17 g 103 kg/m'.

Phonon

wave vector

[001]

[110]

Polarization

[001]
[010] or [100]

[110]

[001]

[110]

Veloc&ty

10 m/s

(C11/p)' = 2.98
(C44/p)' ='1.63

= 3.25

= 1.0

' 1/2
C11+ C]z+ 2C44

2p

(C44/p)' ' ]/2
C11 C12

2p

Notation

LA
TA

LA

TA

[110] or [112]

= 3.33

= 1.25

' [/2
C11 + 2C]z + 4C44

3p
1/2

C11 —C[z + C44

3p

LA

TA
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TABLE II. Polariton parameters in CuBr.

Reference 6
E ( I"3,4)

E(r„)
E(l sr)

Cb

G)
G2

G3
61

62

63

=(2963.3+ 0.2) meV
=(2,965.0+ 0.2) meV
=(2976.6+ 0.2) meV
=5.4+ 0,2
=(50+ 6) )& 10 ' meVcm
= (0.65 + 0.05) fi /2m p

= —(0.10+ 0.03) A' /2m
= —(0.08 + 0.01) fi'/2m p

= (0.10+ 0,01)A /2m
=0
=0

2962,7+ 0.1 meV
2964.4+ 0.2 meV
2976.6+ 0.2 meV
5.4 + 0.2
(73 + 4) )& 10 ' meV cm
(0.69) A' /2m p

0
0
(0.24+ 0.02) A /2mp

polaron corrections are included in the parameters,
of the exciton Hamiltonian [Eq. (1)]. The Frohlich
coupling constant in CuBr is calculated to be a —1

by taking the electron mass m, = 0.21mo, the
static dielectric constant eo ——6 as in Ref. 27, and
the high-frequency dielectric constant e = 4 de-

duced by using the Lyddane-Sachs-Teller relation
from the measured LO- and TO-phonon energies:
fico (LO) = 20.27 meV, Ac@ (TO) = 16.80 meV.
Considering that the polaron effect (17%) is not
large compared with the experimental uncertainty
(-10%) estimated for the parameters of our fit, it is

reasonable to assume that we can calculate the Lut-
tinger parameters from the 6's by applying relations
9 of Ref. 6 and Kane's theory. The results are list-

ed in Table III, together with the experimental
values obtained by HRS (Ref. 6) and by two-photon
absorption measurements (TPA), as well as with

the theoretical values calculated by Khan. We
should mention, however, that the acoustic phonons
contributing to the Brillouin scattering are basically
similar to those producing the polaron renormaliza-
tion. It is thus questionable to what extent it is legi-

timate to use polaron renormalized bands to treat
the scattering under consideration.

We first compare our findings with the HRS
results also given in Table II. The values obtained

for the exciton energies at k = 0 and for eb are in

agreement with the corresponding ones determined

by HRS. However, for the other parameters, our

values are different from those used to fit HRS data.
The HRS results are not able to explain our data.
We have checked that our dispersion curves cannot
be accounted well by the HRS results. Nevertheless
the difference in energy between the two sets of
dispersion curves is smaller than 0.3 meV at
k = 1.5 g 10 cm ' which is the maximum value
reached by HRS. This difference, however, be-
comes greater than 5 meV at k —10 cm

Using the y; deduced by TPA along with the ex-
citon energies at k = 0, eb, and C~ determined by
our measurements, the polariton dispersion curves
show strong anisotropy of the lowest branch (branch
1) with a negative curvature in [110]and [111]
directions and a positive curvature in the [001]
direction. These types of dispersion definitely can-
not explain our experimental observations.

Concerning the theoretical calculations of Khan
for the 3, B, and, C band parameters, ' the isotro-
pic mass parameter —2A =

y& agrees with our
value. The values calculated for y2 and y3 lie
between our experimental ones and those of Ref. 27
(TPA). This fact seems to speak against the correct-
ness of the values y2

——
y3 ——0 of Ref. 6. In corn-

paring band parameters obtained from such dif-
ferent methods as resonant Brillouin scattering,
two-photon absorption, and hyper-Raman effect for
materials where band renormalizations (exchange,
polaron, and polariton) play an important role, one
should ask oneself to what-extent these renormaliza-

TABLE III. Luttinger parameters in CuBr.

Our
results

0.76

HRS (Ref. 6)

0.81

me = 0.21m p

TPA (Ref. 27)

0.94

r ~
——5.7, m, = 0.21mp

Theory (Ref. 28)

0.78

r2 6.7 X 10—'
5.4 X 10-'

0 0.2
0.56

0.19
0.17
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tions should be the same for the different experi-
ments. Also, in the Brillouin experiments large
values of k are involved, with the positive effect of
high accuracy in the parameter determination. One
must wonder, however, whether in this case terms
of higher order than second order in k should not
play an important role. This question cannot be
answered at present.

From the Luttinger parameters, we calculate for
the three principal directions the heavy- and light-
hole masses. They are shown in Table IV. Yu
et al. and Honerlage et al. ' have reported an ex-
perimental value of 1.4m o for the average hole
mass. This is very close to our results. However,
as their observations are related to the actual disper-
sion of the polaritons, exchange effects are included.
We also determine the longitudinal exciton masses
defined as the curvature of the longitudinal exciton
branch. These values are given in the last column
of Table IV. They are much smaller than the result

10fPl o reported in Ref. 6.
I

We discuss now the coupling between excitons
and phonons. It is well known that in zinc-blende-

type crystals, LA phonons propagating in the [111]
direction and TA phonons polarized

~
~[001] and

propagating in the [110]direction carry a longitudi-
nal polarization field induced by the piezoelectric ef-

fect. As one can see in Figs. 1 and 2, the most in-

tense Brillouin peaks observed with parallel polari-
zations ( e;

~ ~
e, ) are identified as due to intraband

scatterings by the piezoelectrically active phonons.
This result shows that piezoelectric (PE) coupling
between polariton and phonon, i.e., exciton and

phonon, is much more efficient than the
deformation-potential (DP) coupling. In Fig. 8, we

have plotted the ratio of PE peak intensity to DP
peak intensity for I-I scattering in [110]direction as
a function of the incident photon energy. A
theoretical estimate of this ratio is carried out by ap-
plying expressions for exciton-phonon matrix ele-
ments for PE- and DP-scattering mechanisms given
in Ref. 15 [Eqs. (15)—(17)]

I(PE) 162e e i24 VDp 1

I(DP) e2 VpE q2

my,

m, +mp,

qa~

2

—2
2

me

m, +mp,

'2
qQg

2

—2
2

X 1+
me + fPlI,

2
qadi

2

—2
2

fPle + fPlp,

2

qadi

2

'2
2

—2

where e i4 is the piezoelectric constant, q is the
energy-dependent phonon wave vector (as

q pF q Dp, for simplicity we take

q = qDp), E, and E„are'the deformation potentials
for the conduction- and valence-band components of
the polariton scattering (1~ 1' in our case), and az
is the exciton Bohr radius. VDp and VpE represent
the speed of sound for the deformation-potential and
the piezoelectrically coupled phenomena, respective-
ly (see Table I). The most interesting feature of Eq.
(5) is the possibility of an independent determination
of the absolute deformation potentials E, and E,
from the measured dependence of the I(PE)/I(DP)
ratio versus q. The use of an erroneous form for

I

Eq. (5) may account for difficulties in interpreting
quantitatively the ratio of intensities reported in the
literature. '

0

Taking e i4 ——0.27 C m, a~ ——17A as calcu-
lated from eo ——6 and the reduced mass

p =- (yi + yi, ) 'mo = 0.18mo, and inserting the
appropriate heavy-hole mass and the sound veloci-
ties, we obtain a reasonable agreement with the mea-
sured ratio by setting the effective exciton deforma-
tion potential under static stress

E, = —E, = +0.85 eV. These values, however,
depend critically on the number chosen for az. If

0

we take aii ——10 A, for instance, we obtain a best fit
with E, = +0.15 eV and E, = +0.73 eV (see Fig.

TABLE IV. Heavy- and light-hole masses and longitudinal masses in CuBr.

[001]
[111]
[110]

mp, p, /m o

1/(y) —2y2) = 1.60
1/(y] —2y3) = 1.53
1/[yi —(3y3 + y2)' '] = 1.55

mlp, /m o

1/(y] + 2y2) = 1.12

1/(yi + 2y3) = 1.15

1/[y, + {3y,+ y~)' ] = 1.14

m L/mo

2.0
2.08
2.06
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15—

1Q
CL
Cl

4
of —, must be added to the numerator to take into

account the stronger piezoelectric coupling for the
(111) face] we find

~

E„=0.75 eV. In this case
the deformation-potential scattering occurs for TA
phonons and should not contain a hydrostatic part.
We find for incident and scattered polarizations
parallel to [110](the case of Fig. 1):

------ QB= 17 A, eC = "cy= 0.85 eV

B 1 ~ &c =0.15eV, &y=0.73eV

and for polarizations parallel to [112]:
I 1

297 2.98
lNCIDENT PHOTON ENERGY (eV)

b
2v'6

d
3v'Z

(9)

FIG. 8. Ratio of TA to LA 1~ 1' scattering intensi-

ties for the configuration of Fig. 2. The solid and dashed
lines are fits with Eq. (5) with the values of E„E„,and

a&, indicated in the figure.

bE=E —E =a ——.
C U (7)

Replacing the values a = —0.39 eV and
b = —0.42 eV (obtained by us from the analysis of
the data in Ref. 21) we find E = —0.29 eV in ac-
ceptable agreement with the value

~

E
~

= 0.58 eV,
obtained above for aii = 10 A, in view of the crude-
ness of the approximations made. The discrepancy
between measured and calculated E's is much larger

0
if we assume az ——17 A. These values, however are
not to be taken too literally. They are only intend-
ed to illustrate the acceptable range of deformation
potentials and exciton radii. The LA/TA ratios
have also been measured for the (111) face (Fig. 1)
for which LA is piezoelectric. In this latter case we
find at 2.97 eV I(LA)/I(TA) = 2.5. Using the
equivalent of Eq. (5) for this configuration [a factor

8). These deformation potentials, E, and E„con-
tain two contributions, a hydrostatic and a pure
shear one (see the Appendix). For LA phonons the
hydrostatic contribution is basically related to the
deformation potential of the gap

dEp
(E, —E, ) yh„——da=

dlnV '

where V is the crystal volume. The deformation po-
tential a = —0.39 eV has recently been obtained
from measurements of the exciton absorption under
hydrostatic pressure in CuBr. The shear contribu-
tion affects only the valence bands. It can be ex-
pressed in terms of the shear deformation potential
b (Ref. 35) for 1~1' scattering. We find (see the
Appendix)

The deformation potential d has been recently
evaluated to be d = —0.7 + 0.1 eV. Equation (8)

yields E, = 0.14 eV, much smaller than the value

found experimentally (E„=0.75 eV). The reason

for this anomalously strong TA scattering is un-

known. In order to clarify it, measurements for
other polarization configurations should be per-
forrned.

We would like to mention that for configurations
with crossed incident and scattered polarizations
piezoelectric scattering is forbidden. Corresponding-
ly we see in these cases a decrease in the strength of
the piezoelectric lines by a factor of about 5.

CONCLUSIONS

We have studied by means of resonant Brillouin
scattering the dispersion relation of excitonic polari-
tons in CuBr. From the Brillouin peaks observed
for scattering along the [111],[110],and [001] direc-
tions, the polariton parameters are determined with
high accuracy within the basic assumptions of the
Hamiltonian used. The coefficients of the kinetic-
energy terms allow us to deduce the Luttinger
parameters, and from them, the values of heavy-
and light-hole masses corresponding to these high-
symmetry directions. The comparison of Brillouin-
peak intensities in the case of piezoelectric coupling
and in the case of deformation-potential coupling
between excitons and phonons yield absolute exciton
effective deformation potentials for the conduction
and the valence band which are, at least for the
[110]scattering direction, in reasonable agreement
with independent determinations.
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APPENDIX

We discuss here the matrix elements of the
deformation-potential Hamiltonian between the
outergolariton branches (1~ 1') for LA phonons
with k ~~[110] and TA phonons with @ ~[ill].
These cases are forbidden for piezoelectric coupling.
For LA phonons along [110],the eigenvectors of
the atomic displacement are

u iku„= exp (x + y),
2 2

u ikexp=—(x + y),
2 v''2

0 =0,
(Al)

and the corresponding strain tensor
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and

1 0 0
iku

6
0 0 —2

010
+ 100iku

2
1 1 0

The tensor F~ represents a hydrostatic strain, and
hence, the corresponding electron-phonon Hamil-
tonian will yield as matrix elements straightforward
terms proportional to the deformation potential a as
discussed above. The pure shear strain F„should
yield terms containing the deformation potentials b
and d of the valence bands. In order to evaluate
the matrix elements we must use the eigenvectors
obtained by diagonalization of the complete Hamil-
tonian involving exchange, Coulomb interaction,
and linear terms in k. For large values of k the
bands 1 ~ 1' correspond to the nearly decoupled
states ~y '),

~

z') in the representation of Table V
of Ref. 6. These states contain, through exchange

3
coupling, an admixture of the m, = + —, and

—,valence bands with coefficients which can be

found in Ref. 6. The effect of this admixture is to
quench the b and d coupling. A straightforward
evaluation yields

with

iku

2

1 1 0
1 1 0 =FH+F„,
1 1 0

(A2)

(1,', iH„
i 1,, & = —ku,b.

(1', ~H„~1, ) = ——iku .
b.

(A3)

100
tku 010

3 001

The z' component of the 1 polariton branch is po-
larized along [001] while x ' is polarized along [110].
For crossed polarizations one obtains matrix ele-
ments involving the deformation potential d.
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