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The effect on temporal and spatial dispersion curves of the coupled transverse plasmon and TO plonon
in n-GaAs for different electron concentrations and damping parameters has been evaluated,

This note calculates temporal and spatial
daniped dispersicn curves, w versus ¢, of the
coupling between the transverse plasmon and .
the transverse optical {T'Q) phonens in n-GaAs ™~
for various electron concentration (N) and opti-
cal phonois lifetimes (1/7}, and electron colli-
sion-times (1/v). Laser Raman spectroscopy
has permitted the measurements of effects of the
coupling among varicus elementary excitations,
in particular the coupled LO phonon-plasmon,
and TO phonon-photon. We show damping has an
important effect on dispersion curves,
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The transverse plasmon or dressed photon is

a quasipar‘tqibcle consisting of a photon dressed by
an électron cloud. The electromagnetic field is
strongly coupled to the collective electron re-
sponse, as witnessed by the modification of the
photen's dispersion relation given by w? =
c2q2/c  +wi/e,, where ¢ is the velocity of
light, ¢ is ‘the propagation constant of the
light, e, is the high frequeney dielectric con-
stant of the medium, and is the plasma fre-
quency for the eléctrons.

" The total dielectirie function [1] of a system
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consisting of optical phonons and conduetion band
electrons in GaAs in the long wavelength and
SCF approximation is

e (w)=¢ -éﬂo- -
T,L w "iw IT,L

where the subscripts T, L correspond to trans-
verse and longitudinal modes respectively, The
fivst contribution to the dielectric function is due
to bound electrons, the second to eonduction .
band électrons, and the last o the polar nature
of the GaAs lattice, In eq. (1) €, = 13.3 is the
static dielectric constant, € = 11,3 is the high
frequency dielectric constant, wpn = 5,04 ¥

% 1013 gec-1 is the TO phonon fregquency in
GaAs, and pp 1, is the lifetime of tiie TO and LO
phonons 1espectwe1y due to multiphonon proe-
esses, and oq L is the transverse and 10ng1tl.1-
dinal conduci;1v1ty respectively,

The condition on the dielectric function for
the longitudinal modes and transverse modes ob-
tained from Maxwell equations are ey (w) = 0 and
ep(w) = ¢2 g2/ w? respectively, The longitudinal
and transverse conductlivity {2] are 4rop /iw =

"wp(w w)/w and dnop/iw = wz(w -1/ (w +v2)
In these equations 1/v is the electlon colligion
ume with thermal phonons and impurities, and

= 45 Ne2/m* where N, m* = 0.07 Mg, and e
ale respectively the den31ty of conduction elec-
trons, their effective mass, and the electronic
charge. '

Fig. 1(a) shows dispersion relations Rew
vorsus Req calceulated from egs, (1) for different
N taking yp and v as zero, Curve 1 shows the
well-known coupling of the photon and TO phonon
in GaAs, commonly called the Polariton mode,
The dashed curves are the uncoupled photon and
TO phonon dispersion curves. However, the
transverse field of the photon couples strongly
with the TO phonon. The transverse mode splits
into a high-frequency mode (e, ) and a low-fre-
quency mode {w_}, Stationary states of w_ are
photon-like at low g and phonon-like at large gq.
Stationary states of w, are phonon-like at small
¢ and photon-like at large ¢, However, in the
vicinity of the intersection point, stationary
states are neither photon- nor phonon-like,

Curves 2 and 3 of fig. 1{a) show the coupling
betwéen the dressed photon and TQ phonon. The
effect of free electrons on the coupling is readily
noticed. The upper mode is phonon-like at low g
and photon-like at large ¢, while the lower mode
phonon-like at large g and dressed photon-like at
low g. Coupling between the dressed photon and
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Tig. 1. (a) Dispersion relation for GaAs at varioug
electron concentrations, (1) wp/wT0=0; (2)wp/wT0 = 24
3y Wy /o = 5; and yp = p=10,
)pSpatlal dispersion relation for GaAs for
(1) w /“"To = 2; Wopg = 107 ,yT/wTO 4 % 1072 and

-2
/wTO = 5 V/wTO = 10 3 )"1‘/&’10 = 4 X 10

TO phonon degrease as wp Increases, as shown
in curve 2 (strong coupling) and curve 3 (weak
coupling), Variation of coupling with concentra-
tion could be readily detected by small angle Ra-
man scattering,

¥ig. 1(b} shows the spatial dispersion relation
of the transverse modeg including both electron
and TO phonon dampmg. An électron collision
time of 2 % 10~13 gec and a TO phonon lifetime -
of 5x 10" =13 gec were used for both strong ’
(cuxve 1) and weak (curve 2) coupling regimes,
Finite values of v and yq primatbily affect trans-
verse modes at small and large ¢ respectively,
The dash curve shown in fig, 1(b) is a plot of
Rew/wr( versus Im g for parameters of the
weak coupling regime, Img governs the spatial
ahsorption of the excitation mode at frequency w.
Phonon and,electron lifetimes effect the -
Im w/wpg versus Reg but not the Re w/ W
versus Reg parts of temporal damped dispefsmn
curvé, The real part is shown in fig, 1{a). The
résults of Mooradian et al, [3] agrees with the
temporal damped dispersion eurves shown in
fig. 1 when extended to the experimental momen -
ta of ~ 2 x 10% cm=-
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