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The dispersion relation of the excitonic polari-
tons in CuBr has been studied up to k'\'10^ cm"' by
resonant Brillouin scattering (RBS). The polariton
parameters given by the invariant expansion formu
lation are determined from these measurements. The
RBS is found to take place predominantly via piezo
electric coupling.

I. Introduction

Excitons in cuprous halides have interesting properties owing
to the large electron-hole exchange interaction. This interaction
causes the splitting of the singlet (Fs)- and the triplet
states and the longitudinal-transverse (L-T) splitting of the'fs
state as well as additional splitting and shift of the exciton
ground state at finite k(center of mass momentum of the exciton).

In this paper we study the dispersion relation of excitonic po-
laritons in CuBr by RBS. This method is particularly useful for
cuprous halides due to the large exchange effects: Brillouin scatter
ing enhanced by polariton resonance is expected to arise mostly
around the region between the T- and L-exciton energies [l]. The L-T
splitting A(LT) in CuBr is 12 meV while A(LT) = 0.08 meV in GaAs [2]
and 1.9 meV in CdS [3]. Therefore we can investigate by RBS the dis
persion relation of the polaritons for CuBr up to a k-value more
than one order of magnitude larger than for the latter materials.

II. Experimental results

Figure (1) shows the Brillouin spectra obtained in back-scatter
ing configuration for the (111) surface. In the bottom spectrum,
where the excitation photon energy 2.9644 eV is about 1 meV higher
than the triplet exciton state, Brillouin lines are seen on both
Stokes and anti-Stokes sides, overlapping with the exciton lumines
cence. As the excitation energy increases the energy shifts of these
lines increase and several additional lines appear. In the top spec
trum, where the excitation energy is higher than the L-level, a num
ber of further Brillouin lines can be observed. The energy shifts of
the observed Brillouin lines are plotted in Fig.(2) as a function of
the incident photon energy. The solid circles indicate the strong
lines while the open circles show the weak lines. The crosses repre
sent the luminescence lines due to the triplet exciton and the bound
excitons: Their energies are independent of the excitation photon
energy. Similar Brillouin scattering is seen for the (110)- and (001)-
surfaces.

547



Y. Oka and Duy-Phach Vu

1  I 1 1 I 1 1 1

LAVr LA2-r LA TA3-3*.
A  < 4-2- 1 T

4
A

-2'TA
LA 2-2TALA

TA

2.9781 eV LA TAtai-rTA
LA 73-1- TA
2-2' k/A 3-3'2.9681^ TA

CuBr 5K

ei liesII [110]

1U»LA TA

L
TA
H

2.9644 eV

I  I I u j  I

LA4-3* TA4-2'

TA4-3'

2.98 TA4-2'

rA3-3'

£
z
Ul

92.97

LA4-2 TA4-1'

•><)A

'.V'I'I'i'iLA
4-

-EIPbl)
kTA3LA1-1

• wid d

LA3-r

LA2-2'—^
LA3-3--_V—M •■71"^ 1TAi-v-——3rr;l\] i
TA3-r
TA2-2' ^ •
TA3-3L. \

,TAH'

2.96

r a

EirsT)
-ElfaJCuBr 5K

111]k

-4 -3 -2 -1
BRILLOUIN SHIFT (meV)

Pig. 1 Resonant Brillouin scatter-
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III. Discussion for various incident photon ener-
. . , , „ . gies: The crosses indicate theThe exciton states of zinc luminescence lines. The solid and

blende crystals have been described calculated,
recently by Honerlage et al. L4J,
extending the invariant expansion formulation of Cho ESl- The exciton
Hamiltonian is given by
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Fig. 2 Observed Brillouin shifts

H = H° + H (k) + H (k), (1)

where H° describes the splitting of the exciton ground state at k=o:
The singlet-triplet as well as the L-T splitting. H'(k) represents
the k-dependent part which is diagonal with respect to the electron
states:

H^(k) = ^ ^ (2)

J } + C .p . ]} H 1 .

Here 1 and Tl. are unit matrices of dimension 2 and 4 respectively
and J.®are the angular momentum matrices for holes. {A, B} = (AB+BA)/
2. EaJh term of H (k) corresponds to a term of the effective mass
Hamiltonian: C, is the k-linear term, G, describes the isotropic mass
and Gp and G, indicate the splitting ana warping of the exciton
bands.

The k-dependent exchange interaction is expanded as follows:

H^(k) = 6^ k^£-J "52'-^x^^'^x'^x ~ 5£-J)+c-P-]
+ 263[k^ky|(a^Jy + OyJ^) + c.p.] , (3)

where a. are the Pauli spin matrices representing the electron spin
state. ^The k-dependent exchange terms consist of the isotropic and
anisotropic parts, i.e., 6. and 62, 6,. The k-dependent Hamiltonians
mix the exciton states of R=o in the finite k-region, and strongly
affect the dispersion of the exciton. The polariton dispersion is
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derived from the exciton states given by Eqs. (1-3) using the multi
ple oscillator model for the exciton-photon coupling [4].

The scattering of the polariton by an acoustic phonon takes
place under conservation of crystal momentum and energies:

kf = kg + 2 and (k^) = E^(kg) ± -ftvq,

where the initial polariton in the m-th branch of energy E (k.) is
scattered to the E^^Ck ) state by an acoustic phonon whose ffiom^ntum
and group velocity arl q and v. The velocities of sound are calcu
lated, from the known elastic constants [6], e.g. 3.33x10® cm/sec for
the LA phonon and 1.25x10® cm/sec for the TA phonon in the direction

while the

for the case

of q||[lll]. In RBS of GaAs and CdS [2,3], q^-bxlO® cm"
Brillouin shift of -1 meV in Fig. (2) yields q'\.2xlO^ cm"
of CuBr. Therefore_^we can determine the dispersion relation up to the
region of k'vlO'' cm ' which corresponds to 1/5 of the distance from
the center to the Brillouin zone edge.

With an iterative procedure we calculated the energy shifts for
the LA- and TA-phonon scatterings by the polariton branches derived
from Eqs. (1-3) using the known sound velocities. The full curves of
Fig.(2) are the results of this calculation in which we have used the
value of_the exciton parameters listed in Table 1. The assignment of
LA 1-1' indicates the scattering by the LA phonon from the polariton
branch 1 to the branch 1' which is the same branch as 1 but for back-
wardly-propagating polaritons. The optically active polariton bran
ches are shown in Fig.(3) for the three principal k-directions. For
the [001]-direction the polariton mode consists of the lower two
branches due to the heavy- and light-hole excitons and the upper pho
ton-like branch, while the middle branch shows two-fold splitting
in the [111]-direction. In the [110]-direction the L-exciton mode
couples with photons through the k-dependent perturbations (branch 4)
when the polarization vector is along the [001]-direct!on.

Table 1

present work TPRS [4] TPA [7]

0.65±0.01 0.69 0.69

G2 -0.10±0.03 0 -0.25

-0.08±0.01 0 -0.71

0.1 +0.05 0.24±0.02

62 0 0

^3 0 0

.(b)
^k (50±6)xl0"® (73±4)x10-8(c)

(a) units of fi^/2m
(b) units of meV.cm
(c) 70x10"®, Ref.[9]
Eds J = 2.9633eV
E(r5T) = 2.9650eV
E(r5L) = 2.9766eV

well fitted with our

The lowest polariton
branch in Fig.(3) is consi
derably isotropic, owing to
the small values of G„ and

G, compared with G..
Table 1 also shows those

values obtained by Honer-
lage et al. with two photon
Raman scattering (TPRS) [4]
and by Mattausch and Uih-
lein with two photon ab
sorption (TPA) [7]. The
Luttinger parameters de
duced from TPA measurements

were converted to the exci

ton parameters [4,8]. The
parameters obtained by TPA
correspond to strongly ani-
sotropic dispersion curves:

For the [110]- and [111]-directions the lowest
branch shows negative curvature while for the
[001]-direction the curvature is positive. In
contrast to this, we have obtained, in all
three principal directions, almost equal Bril
louin shifts for the 1-1' scattering, which are

nearly isotropic parameters. Therefore the di-
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Fig. 3 Polariton dispersion relation for the
three k-directions

though they are nu
merically very dif
ferent from those

given by Honerlage
et al. As we have
obtained the Bril-

louin shifts due to different types of scattering between polariton
branches with high accuracy, we believe we can derive from these re
sults highly reliable values of the polariton parameters.

Finally we note that CuBr is a highly piezoelectric material:
The piezoelectric constant em = 0.27 C/m^[6]. Therefore the inter
action between the excitonic polaritons and acoustic phonons should
be dominated by piezoelectric coupling rather than by deformation
potential coupling. The piezoelectric coupling in zinc blende cry
stals is allowed along the [lll]-direction for LA phonons and along
the [110]-direction for TA phonons polarized parallel to [001]. For
phonons along the [001]-direction, the piezoelectric coupling does
not arise. The experimental results show that the piezo-active pho
nons give rise to strong Brillouin lines as can be seen in_Fig.(l)
for the [111]-direction. Hence, the RBS of excitonic polaritons in
CuBr takes place dominantly through piezoelectric coupling.

We wish to thank Prof. M. Cardona and Prof. J.B. Grun for stimu
lating discussions.
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