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RAYLEIGH SURFACE WAVE INTERACTION WITHTHE 2D EXCITON BOSE�EINSTEIN CONDENSATEM. V. Boev, V. M. Kovalev *Institute of Semi
ondu
tor Physi
s, Siberian Bran
h, Russian A
ademy of S
ien
es630090, Novosibirsk, RussiaNovosibirsk State Te
hni
al University630073, Novosibirsk, RussiaRe
eived O
tober 7, 2014We des
ribe the intera
tion of a Rayleigh surfa
e a
ousti
 wave (SAW) traveling on the semi
ondu
tor sub-strate with the ex
itoni
 gas in a double quantum well lo
ated on the substrate surfa
e. We study the SAWattenuation and its velo
ity renormalization due to the 
oupling to ex
itons. Both the deformation potentialand piezoele
tri
 me
hanisms of the SAW�ex
iton intera
tion are 
onsidered. We fo
us on the frequen
y andex
itoni
 density dependen
es of the SAW absorption 
oe�
ient and velo
ity renormalization at temperaturesboth above and well below the 
riti
al temperature of Bose�Einstein 
ondensation of the ex
itoni
 gas. Wedemonstrate that the SAW attenuation and velo
ity renormalization are strongly di�erent below and above the
riti
al temperature.DOI: 10.7868/S00444510150600991. INTRODUCTIONThe gas of bound ele
tron�hole pairs, ex
itons, be-ing a gas of Bose-like parti
les, 
an exhibit Bose�Ein-stein 
ondensation (BEC) at extremely low tempera-tures. This phenomenon was theoreti
ally predi
ted along time ago [1�5℄ and was intensively studied in theCu2O system (see re
ent review arti
le [6℄). Re
ently,BEC of ex
itons in low-dimensional systems was 
on-�rmed in various experiments [7�9℄.The experimental eviden
e of the ex
iton BEC ex-isten
e is mainly based on opti
al arguments. The gen-eral idea is the narrowing of the lumines
en
e line whenthe ex
iton gas is 
ooled to below the 
riti
al temper-ature.The main aim of this paper is to theoreti
allydemonstrate that the SAW experimental te
hniquewidely used in earlier studies of the two-dimensionalele
tron gas [10℄ may yield an alternative method forstudying the ex
iton BEC. We show that the SAW ve-lo
ity renormalization �
=
 and the SAW attenuation
oe�
ient behave di�erently above and below the 
rit-i
al BEC temperature, and this may be used as an ex-perimental 
on�rmation of ex
iton BEC.*E-mail: vadimkovalev�isp.ns
.ru
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Fig. 1. A sket
h of the system under studyWe 
onsider the double quantum well (DQW) stru
-ture depi
ted in Fig. 1. An ele
tron and a hole arelo
ated in di�erent QWs intera
ting via the Coulombpotential forming an ex
iton with the dipole moment pdire
ted along the normal to the DQW plane. We 
on-sider the ex
itoni
 gas when the ex
iton Bohr radius aBand the distan
e between QWs d satisfy the inequalitiesna2B � 1 and nd2 � 1. It was shown that the ex
itoni
gas in the dilute limit na2B � 1 has an ex
itation en-ergy dispersion as in the Bogoliubov theory of weaklyintera
ting Bose gas [4℄. We use the Bogoliubov the-ory to 
al
ulate the SAW absorption and SAW velo
ityrenormalization due to the intera
tion with ex
itons.1155


