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Volume 3, number 4 PHYSICS LETTERS 1 January 1963

THE POSSIBLE OBSERVATION OF
ELECTRONIC RAMAN TRANSITIONS IN CRYSTALS

R.J.ELLIOTT
Clarendon Laboratery, Oxford, England

and

) R. LOUDON
Roya! Radar Estalkl{ishment, Ma.v.rn, Eugland

Recelved 8 Dacember 1952

The Raman transition probability is obtained by
second-order perturbation theory 4), and is pro-

portional to the square of the matrix element for an
isolated atom:

(i,n9,n1|F|f, ng-1,n7+1)
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where 75, n; are the occupation numbers of the in-
cident and emitted photons with polarisation vec-
tors £, £, and wave-vectors q, - Finally p is
the 2ctronic momentum operator and jdenctes the

electronic intermediate states (excluding the initial
and final states i and f), '
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Fig. 7. Band structure of InSh showing the E (I" point), E) (along <U11>) and Ey (X
point) critical points. [After F. H. Pollak, C. W. HwnbothmmdM.leom.J Hlyl.Soc.
Japan, Suppl. 21, 20(1966).]
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Fig. 6. Schematic diagrams showing (a) the transitions involved in the electro-optic scattering
mechanism and in the 3-band deformation potential scattering mechanism, and (b) the tzansi-
tions involved in the 2-band deformation potential and Frohlich scattering mechanisms.
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RAMAN SCATTERING FROM InSb SURFACES AT PBOTO« BNERGIES NBAR THa §, ENERGY GAP®
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Piysiss Department ead Laburatary for Roseareh ¢n the Birusture of Maiter,
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Fig. 6. Schematic diagram of interband and intraband transitions which play a role in two

band scattering by plasmons in n-type semiconductors. The numbers | , 2 .and 3 indicate
the time order of the electronic transitions.
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is the total dielectric constant includin

g the electronic contribution. The scattering
cross section is then
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Note that the spin-fluctuation contribution K2 (e X 52) has no screening denominator.
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VOLUME 22, NUMBER 8 PHYSICAL REVIEW LETTERS 24 FEBRUARY 1969

EXCITON-ENHANCED RAMAN SCATTERING BY OPTICAL PHONONS

E. Burstein*t and D. L. Mills?
Physics Department, University of California, Irvine, California

and

A. Pinczuk* and S. Ushioda*
Physics Department and Laboratory for Research on the Structure of Matter,
University of Pennsylvania, Philadeiphia, Pennsylvania
(Received 16 September 1968}

The theory of exciton-enhanced Raman scattering is formulated in terms of the scatter-~
ing of polaritons by optical phonons via the exciton part of the coupled modes. The ex-
pression for the exciton contribution to the scattering tensor is given, within a constant
factor, in terms of the same parameters that determine the exciton contributfon to the
frequency-dependent dielectric constant. The theory also provides a new mechanism for
the exciton contribution to the electro—optic effect.

\I . .
OLUME 27, NUMBER 6 PHYSICAL REVIEW LETTERS 9 AucusT 1971

Resonant Light Scattering by Single-Particle Electronic Excitations in 7-GaAs+

A. Pinczuk,* L. Brillson, and E. Burstein

D .
epartment of Physics and Laboratory for Research on the Structure of Matler, Universily of
Pennsylvania, Philadelphia, Pennsylvania 19104 '

and

R _ E. Anastassakis
epartment of Physics, Northeastern University, Boston, Massachusetts 02115
(Received 29 March 1371)

Resonant light scattering by single-particle excitations was observed in n-GaAs with
incident photon energies near the £, -4, optical energy gap. We find that under extreme
resonance conditions the spectra have two components with the scattered light polariza-
tion perpendicular and parallel to the incident light. These results are interpreted in
terms of a random-phase—approximation theory.
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Fig. 1: Diagrams of the various Raman
processes discussed in this
paper. (a) single particle spin-
flip scattering, (b) and (c)
electron-phonon collective ex-—
citations (charge-density me-
chanism), (d) and (e) "Frdhlich
mechanism”". The dashed lines
represent the Frdhlich inter-
action of the longitudinal col-
lective modes. The numbers in
circles give the time order of
the processes.
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Scattering intensity as function
of incident photon energy of
spin-flip single ?article exci-
tations at 90 cm™' and the
. coupled modes at 245 cm ! and
350 em™'. The full line is the
fit with Eq. 3.
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