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Resonant Raman scattering at the exciton-polariton
in T1Br is reported. The cross-section for for-
bidden 1LO(r') scattering is analysed within a pola-
riton model, from which we determined the L-T
splitting of the B-exciton. We observe strongly
resonant forbidden TO(I') scattering, for which
possible mechanisms are discussed. Two-phonon
scattering processes involving M-point phonons
prove the existence of phonon intervalley scatter-
ing between non-equivalent X-points.

Thallium halides exhibit various properties that make them out-
standing materials to study light scattering of exciton-polaritons
and their phonon interactions. The lowest (xg,xg) exciton [1]
consists of two dipole allowed 1s-states (ET,EL) constructed out
of electrons and holes from non-equivalent ~X-Valleys, the split-
ting resulting from intervalley interactions [2]. The strong
exciton-phonon coupling, reflected in the existence of an exciton-
phonon-quasi-bound state (EPQBS) observed in absorption [3] should
result in enhanced resonant Raman scattering (RRS).

We have investigated the resonance behaviour of several Raman
processes in T1Br at_1.8K for incident photon energies around
ET = 3.0089 eV and Ex = 3.0104 eV. The experimental details have
béen published elsewhere [4]. Special care was taken in preparing
strain-free surfaces of the unoriented sample. The scattering in-
tensity (spectral resolution 0.5 meV) was measured normalized to
the incident laser power and is given in consistent units. A series
of RRS spectra is shown in Fig.(1). The excitation photon energies
cover a range of three LO-phonon energies around the direct exciton
states.

The following processes are identified:

1. LO(r')-Phonon Scattering

Most dominant are the equidistant LO scattering peaks from which
we deduce a LO(I') energy of 14.5 meV. The occurrence of the symme-
try-forbidden 1LO process strongly in resonance with the exciton
states shows that the §-dependent Frdhlich coupling is responsible
for this scattering process. The strength of this interaction is
documented by strong multiple LO scattering. Depending on the exci-
tation energy we have observed up to ten LO lines, their maximum
enhancement occurring for the scattered photon energy in resonance
with the exciton. For the 1LO processes, Fig.(2) illustrates the
energy dependence of the scattered intensity. The experimental
data are corrected for absorption using the optical constants meas-
ured on crystals of the same source. The full line represents a
calculation of the cross-section based on an undamped polariton
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model. In computing the cross-section we proceeded in the follow-
ing way [5]: a) evaluation of the transmission factors of the
incident and scattered photons outside into polaritons inside the
crystal with the help of additional boundary conditions (ABC);
b) calculation of the polariton scattering cross-section using the
"golden rule"; and c) summation over all possible polariton scat-
tering processes giving rise to the same Raman shift neglecting
interference effects between different channels.

In backscattering geometry we obtain the following expression
for the Raman cross-section:
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Here E, i V and P denote the energy, wavevector, group veloci-
ty and exciton polarization, respectively, for the 1nc1dent (sub-

§cr1p§ Oy branch a) and scattered polaritons (s,B). £ x(q) with
g = k_.-kg is the exciton-phonon Frdhlich interaction matrix
elemen

The polariton dispersion,
necessary to calculate the
different quantities, is ob-
tained using the exciton
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interaction greatly enhances
the scattering of polaritons
with large wavevectors.

In contrast, the polariton
model cannot explain the ob-
served peak position of the
outgoing resonance, occurring
at EL + 0.75 huro. Although
this " peak nearly coincides
with the exciton binding
energy, a dominant contribu-
tion of free electron-hole
pairs can be excluded, since
it would imply strong enhance-
ment for the outgoing resonance
at E > Epg + hwpp. From compa-
‘% rison with the LO-assisted
A 1s absorption spectrum closely

A
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related to the Raman cross-
section we rather propose to
attribute the shift to the
influence of an EPQBS [3].
A It is observable if an exciton
and a LO phonon are created
2990 3000 3010 3020 3030 3040 3050 i;mgégazﬁggsig ;Eszh:h:rEZZZT‘
PHOTON ENERGY /meV -=-=> when the energy of the scatter-
ed polariton is near the trans-
verse exciton. Then the EPQBS
leads to a reduction in exci-
ton-polariton energy showing
up as a shift in the resonance
peak of the cross-section tolower energies by the same amount.
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Fig. 2 1LO(T) scattering cross-section.
+ and A: experimental points,
straight line: model calculation
(see text).

Two other arguments are in strong favour of this interpretation.
First, the in- and outgoing resonances with the 2s exciton state,
which is not leading to an EPQBS, are at the expected position at

and Ey +huwro, respectively. Secondly, the same shift in the
i901ng resonance peak position occurs for all scattering processes
1nvolv1ng at least one LO-phonon.

2. TO(r)-Phonon Scattering

From comparison with the known phonon energies [7], peak 2 in

Fig. (1) at 5.8 meV can be attributed to TO(T) scattering. Peaks
4, 6 and 8 are multiple LO(I') replicas of this process. Consider-
ing the energy dependence of the cross-section with maximum at the
B-exciton energy, it can be concluded that the intermediate states
responsible for this process are exciton-polaritons, while the
scattered excitations are bulk TO(T') phonons. That rules out any
breakdown of wavevector selection rules due to impurities or at
the surface.

On the other hand, there is a finite momentum transfer in the
scattering process, leading to the possibility of forbidden scat-
tering via gd-dependent interactions. These can result in two ways:
First, the deformation potential vanishing for the TO phonon at the
I'-point might contribute in higher order. Secondly, exciton and
TO phonon can interact via a mechanism similar to the Frdhlich
interaction. The electric field necessary for this type of inter-
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action originates from local electric fields associated with the
TO phonon in polar materials. For finite wavevectors these fields
do not compensate over an exciton radius. From the scattering
cross-section the magnitude of the field can be estimated to be

1/3 to 1/10 of that of the LO(I') phonon, in qualitative agreement
with the results recently obtained [8] that TO phonons in principle
may give rise to electro-optic Raman scattering. In addition, the
field might be due to a mixing of TO and LO phonons, occurring for
arbitrary directions in k-space.

3. 1Intervalley Scattering

The threeforld k-star degeneracy of the X-point leads to the possi-
bility of intervalley scattering with momentum conserving M-phonons.
Peak 1 and 3 are attributed to 2TA(M) and 2LA (M) Raman processes,
respectively, the peaks 5, 7 and 9 being multiple LO(T') replicas.
This assignment again is in good agreement with the known phonon
energies. Microscopically the incident polariton is scattered into
an intermediate virtual state by M-phonon scattering of the electron
or the hole to another X-point, thus forming an exciton at M, and
back again into the final polariton state. The existgnce of M-
excitons with energy close to that of the exciton at k=0 is substan-
tial for the occurrance of the enhancement of M-phonon processes.
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