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Cyclotron resonance of an interacting polaron gas in a quantum well:
Magnetoplasmon-phonon mixing
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Cyclotron-resonancéCR) spectra of a gas of interacting polarons confined in a GaAs/AlAs quantum well
are theoretically investigated taking into account the magnetoplasmon-phonon mixing and band nonparabolic-
ity. Contributions of different magnetoplasmon-phonon modes to the total magnetopolaron coupling strength
are investigated as a function of the electron density. It is confirmed theoretically, that the resonant magneto-
polaron coupling in a high-density GaAs/AlAs quantum well occurs near the GaAs TO-phonon frequency
rather than near the GaAs LO-phonon frequency. Calculated CR spectra are in agreement with recent experi-

mental data.
DOI: 10.1103/PhysRevB.68.245303 PACS nuniber78.67.De, 71.38-k, 78.30.Fs
I. INTRODUCTION magnetoplasmon-phonon modes. Within this method, we

take into account the electron-electron interaction, the static

The electron-LO-phonon interaction plays an importantand dynamic screening of the electron-phonon interacfion,
role in the optical properties of polar semiconductors andhe magnetoplasmon-phonon mixifigthe band nonparabo-
ionic crystals(see, for review, Refs. 135The application of licity, and the optical-phonon spectra specific for a quantum
an external magnetic field adds new features to the opticeWe”-
absorption spectra of these materials. When the cyclotron The paper is organized as follows. In Sec. Il, the optical
frequencyw, is close to the LO-phonon frequency, resonantconductivity for a polaron gas in a quantum well is derived.
magnetopolaron coupling.e., anticrossing of zero-phonon In Sec. Il we dlscus_s the calculated CR spectra and com-
and, e.g., one-phonon states of the polaron systerours® pare them with experlmental data for.a GaAs/AlAs quantum
Experiments on the cyclotron resonan@R) in bulk’ and well. Section IV contains the conclusions.
guasi-two-dimensiongRD) (Refs. 8—10 systems give clear
evidence of this resonant magnetopolaron coupling. How-
ever, CR measurements on semiconductor quantum wells A. Hamiltonian
with high electron density*? reveal that the anticrossing

occurs near the TO-phonon frequency rather.than near tI‘Euantum well (medium 1 with high-frequency dielectric
LO-phonon frequency. In Ref. 12, on the basis of a mode onstants; is placed into a matrixmedium 2 with high-

dielectric function for a 3D medium, it was suggested that inequency dielectric constaat,. Both these media are sup-
a GaAs_/AIAs quantum well with _hlgh elec_:tron density, thereposed to be polar. An external magnetic fi@ds applied
may exist longitudinal modes, with energies close to the Toparallel to thez axis. The symmetric gauge is chosen for the

II. THEORETICAL APPROACH

We consider a finite-barrier quantum well of widthThe

phonon frequency, which are active in CR. vector potential of the magnetic field
Another consequence of high electron densities combined
with the nonparabolicity of the conduction band is a splitting A(r)= :[rxB]. (1)

of the CR linest®>~%" It was shown in Ref. 16, that the one-
particle approximation fails to interpret the oscillator The Hamiltonian describing the system, which consists of

strengths of the split CR lines. electrons interacting with phonons and with each other, is
Many-polaron CR in a 2D polaron gas was investigated
theoretically in Ref. 18 wusing the memory-function H= E a’ +
; . . ; = A imenimeT 24 7 by b
technique® In Ref. 10, this technique was applied to a po- n%(r nloEnimoSnime % PN aENg

laron gas in a quantum well. The CR spectra of polarons in a

guantum well were calculated in Refs. 20—22 and applied in 1 .
Refs. 23, 24 taking into account the electron-phonon interac- + TS% ;( (M@ nkenk(A) (by g0y —g)
tion for both bulklike and interface phonon modés? To

quantitatively explain the CR data for a high-density polaron 1
gas, as observed in Ref. 12, it is necessary to take into ac- + 2_32 . kzn . Vc(k,nping kolq)
count many-body effects. 4 Mafanf
In the present paper, the CR spectra of an arbitrary- xj\/[pljlnl(q)pnzkz(q)], 2

density polaron gas in a quantum well are calculated using

the many-body memory-function technigtfeThe approach wherea,,,,(2.m,) iS @ creation@nnihilation operator for
developed in Refs. 18, 21 is extended here to a system @n electron in the one-particle state with enefgy, and
electrons confined in a quantum well and interacting withwith the wave function
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Voim(p, ¢,2) = n(2) dim(p, @),

1
Pim(p, )= —==e€"¢D 5 (p). )

V2m

Here, the functiony,(z) corresponds to thenth size-
quantized subband for motion along theaxis, while ¢,

(p,) characterizes the “in-plane” motion of an electron with

a definitez projectionm of its angular momentum, is the
Landau level quantum number.

The phonon frequencies, 4 and the amplitudes of the
electron-phonon interactiory, 4 are explicitly derived in
Refs. 21, 28. The indeX refers to the phonon branchegis
the phonon two-dimensional wave vectdlr;q(bxvq) is a
phonon creatior{annihilation) operator.p,(q) is the elec-
tron density operator

po(@)= >

Im’'m’' o

(4)

iq-r At 3
(eq ”)Im,l’m’anlmu-akl’m’u
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with the matrix element

) o0 2 X
(e'q"”)lm,wmf:Jo pdpfo deeIin(p, @) b m (p,@).
(5

In the Hamiltonian(2), Vc(kq,n1;n5,K,|q) is the matrix el-
ement of the electron-electron interaction potential

vc<k1,n1;n2,k2|q>=f dzj dz

xVe(a;2,2') ¢ (2)
X U (DU V(2. (6)

Sis the area of the quantum well in txg plane, M-+ ] is a
normal product of operators. The two-dimensional Fourier

amplitudeV(q;z,z") of the electron-electron interaction po-
tential, specific for a quantum well,

2me(e1—€,) (e1+e,)coshq(z+2')]+(e,—e,)e 9%coshq(z—z')]

Ve(@z.2)= 2% el ¥
12,2 )=——e
cid €10 €10

differs from the corresponding expression for the Coulomb

potential in bulk[ (2we?/eq)e” 97~ owing to the pres-

[e2+ &5+ 2¢e,8, cothqd)]sinh(qd) ’ 0

En|0': En|+g/*LBBO-1 (10)

ence of the electrostatic image forces, which appear as longnereg is the Landefactor, g is the Bohr magneton, and

ase,#¢&, (see, e.g., Refs. 30—B2The potential7) is ana-
lytically exact within the dielectric-continuum approach.
Within the local parabolic band approximatidi:* non-

o= *1/2 is the spin projection. The energy levélg corre-
sponding to the wave function® ,;(p,¢,2) in (3) are cal-
culated using the five-barid p model®®

parabolicity is considered as a small perturbation. Conse-

quently, the wave functio®,,(p) (3) for an electron in a
magnetic field takes the form

[m

2K! (

My, (m+ 172
(Im[+K)! )

(I)Im(P): Zﬁ

p

_ M@ 5 (mpy( MoPe

Xex"( an P )LK 2h ’

3 m+|m| B

=|- 5 , m=—co .| (8

with the Laguerre polynomial {J)(z). Here, the cyclotron
frequencyw.=eB/(m,c) corresponds to the mass, given

by?!

Mp1Mp2

mb e — H
L N

9
where P, (Py) is the probability to find the electron inside
(outside the quantum well, andhy,; (i=1,2) is the electron
band mass at the bottom of the conduction band inithe

B. Optical conductivity

Within the memory-function formalism, the real part of
the frequency-dependent conductivity the Faraday con-
figuration in the local parabolic band approximation, can be
written ag®3*

nge? 1

(6—+0),
(13)

w— .~ X(w,0)otid

whereng is the 2D electron density angw) is the memory
function® To take into account the splitting of the CR peaks
due to thenonparabolicityof the conduction band, Eq11)

is generalized as follows:

Reo(w)= >, #niy RE014(w).

nl,o

(12

medium. The energies of the spin-dependent electron state#ghere each contribution Rg,,(w), corresponding to the

are

transitions (—1+1),
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R = nsezl ! &° (qoy=—s | t),p=(,0)])e =%t
e(Tmo-(w)—_ mb mw—wénlo')—x(w,a)énlo.))/w-‘ri5 nk”ﬁk(ql(’—))=_ § 0 <[Pnk(Qa )'pﬁk(q’ )]>e
(6—+0) (13 (6—+0). (20
is calculated with the local parabolic band approximation.

The transition frequency The RPA structure factoP,(q,w) is proportional to the
retarded density-density Green’s function of noninteracting
(nlo)_ Eni+10— Enio electrons in the quantum well in the presence of a magnetic
We = A (149 field. Itis calculated explicitly, using the second-quantization

representation of the density operatdds, and takes the
is used in Eq(13) as distinct from the cyclotron frequency form

w¢ in EQ. (11). The weightx,,,, is proportional to the number

of open channels for the transitions4¢I+1). The normal-

i i Mywe [

ized weightsx,, are P ()= —i b gf dtexpli (w— )t ot]
2mh 0

fnlrr(l_fn,|+1,(r)

i fnr g (Lo 1 o107)

, (15 2

Xnle™ D

fiq
Mpw,

X D Lfo)( (1—c03wct)>
where f,,, is the Fermi occupation number. The memory o

function y(w,w) takes the formsee Refs. 18, 21

hq? B
fmaex;{—Zm (1—-e ""ct)}

X
@? okl e
vooo=-3% 3 | oo e ekzl(g) i
n, N IS b _fklaexf{_ (1_eiwct)D (5_>+0)'
o ) 2mbwc
x fo dte~ (€'~ 1)Im[ D, (4,) Grie 1) ] (21)

50— +0), 16 . .
( ) (16) where wy, is the transition frequency between tkth and

where €(q) is the static screening facttt.D, (q,t) is the  nth size-quantized subbands.
phonon Green’s function The set of equation§l9) is valid for arbitrary electron
density. The Green’s functio®,,(q,w) is obtained from
Dy(a,)=—10(1)[({by o(1)by (0))+(by _4(Dby -¢(0))]  GR(q,w) using the Kramers-Kronig dispersion relations and
(17 the relation, which follows from the analytical properties of
andG,,(q,t) is the electron density-density Green’s function Green’s functions

1
Gaa)=—10() gl GPa0)  (18) ImGRy(a,0)=(1-e #)ImGn(a,0), (22

with the Heaviside step functiof(t). The averaging in Egs. where B=1/(ksT). Further on, we consider the case of a
(17) and(18) is performed on the equilibrium statistical op- syfficiently narrow quantum well, when only the lowest size-
erator of the electron-phonon system. uantization subband& 1) is filled, and the transition fre-
In the present paper, we apply the method presenteauemyﬂ)z?wLi , Wherew, ; is the LO-phonon frequency in
above to the case of a GaAs/AlAs quantum well, where thene jth medium {=1,2). Under these conditions, transitions

weak-coupling regime is realized. To obtaifw,wc) 10 S€C- of an electron to other subbands can be neglected. This re-
ond order in perturbation theory, the electron density-density ,jis in the explicit solution

Green'’s functionG,(q,t) can be calculated neglecting the

electron-phonon interaction. The electron-electron interac-

tion is taken into account in the random-phase approximation R hP11(q, )

(RPA) following Ref. 36, where plasmon modes are derived GCu(d0)= 1—Ve(Q)P1y(q, ) (23
for electrons in a layer. As a result, we arrive at the following '

set of equations in the Fourier representation:

with V() =Ve(1,1;1,40).
R The phonon retarded Green'’s function is calculated within
,% [nn, S = Pri( @ @)Ve(kniky,nya)]G  (d,@)  the random-phase approximation taking into account the
r magnetoplasmon-phonon mixiiigee Ref. 28 In the present
=870 Pr(Q, ). (190  case of a narrow quantum well, we take into account the
' N R _ mixing of phonons with intrasubband magnetoplasmons
Here, the auxiliary retarded Green’s functiG)), -<(d,) is  only. In this approximation, disentangling a set of coupled
determined as Dyson equations leads to
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|(yy )11|2 TABLE |. Material parameters used for the calculation of the
2 ) gt —;Z—Gﬁ(q,w) magnetoabsorption spectra of a GaAs/AlAs quantum well.
DR ,w)=
N(Ge) S w2 2 |(7)\,q)11|2 R Parameter GaAs AlAs
(w+i06) —w)\'q—Zw}\'qTGn q,w)
LO-phonon energy, meV 36.@Ref. 12  50.09(Ref. 37
(6—+0). (24) TO-phonon energy, meV 33@ef. 12  44.88(Ref. 37

. , . Electron band mass, in units 0.0653(Ref. 35  0.15(Ref. 37
The poles of this Green’s function are the roots of the equags e electron mass

tion in the vacuum

|(%\ )11|2 High-frequency dielectric 10.89(Ref. 37  8.16(Ref. 37
wz—wivq—Zw)\,q—ifz—ReGﬁ(q,w)ZO (25)  constant

Electron-phonon coupling 0.068(Ref. 3  0.148(Ref. 37

and they determine the spectrum of mixed magnetoonstant
plasmon-phonon excitations in the quantum well. Let
Qﬁyj(q) de_note the positive_ roots of Eq(25). Using
G711(g,w) given by Eq.(23), with the structure facto(21),
we find that the retarded Green’s functi@@4) can be ex-
panded as a series

in Table I. The value 0.915 eVRef. 2] is used for the
AlAs/GaAs potential barrier. In the numerical calculation,
we use a formula for the energy levels in a nonparabolic
conduction band taken from Refs. 34, 35

DR(q,0)= 2, AA,;(Q)(W EX EC
] i En=—(\/1+4—:—1)- 29
1= E: (29

1
- W , 0—+0, (26)

with the effective energy gagg =0.98 eV (Ref. 35 and
with EX =% w.(1+1/2)+¢,, whereg, is a size-quantized
energy level characterizing the motion along #haxis.
According to Ref. 21, the following phonon branches give
contributions to the CR spectra in a quantum we)l:bulk-
like phonons with frequencw, ; and (i) symmetric inter-
face phonons with frequenciess .. (q) given by Eq.(7) of
Ref. 21. In a similar way the magnetoplasmon-phonon
Ayi(a) 1 modes in a quantum well can be classified into bulklike and
Dx(q,w)=2 ~ B0, (@ ( e 5 interface modes. The frequencies of these modes depend on
P l-e T o=y Q)+ the electron density and on the moduly®f the 2D wave

whereA, ;(q) is the residue OD)Ff(q,w) atw=1, j(q). The
Green'’s functionD, (g, ) is obtained fron@f(q,w) using
relations between Ir@f(q,w) and ImD, (q,w) similar to
Eqg. (22), and the Kramers-Kronig dispersion relations. As a
result, the Green’s functio®, (q,w) can be written down
explicitly,

e B (@ vectorq. As follows from our calculations, the modes, whose
+———=|, &—+0. (27)  wave vectors lie in the region witly~2q,, where q,
o+, j(@)+is =(myw 1 /%)% give the dominant contribution to the
It is seen from Eqs(16) and(27), that the parameter magneto-optical absorption. In Fig. 1, frequencies of six
mixed magneto-plasmon-phonon modes, which contribute
Wy (@) =|(yy.q) 11 *Ax () (28 significantly to the cyclotron-resonance spectrum, are plotted

determines the strength of the coupling between an electros & function of the electron density fog=0.8w, ; and for

and the {,j)-th magneto-plasmon-phonon mode characterd=2dp- In the Iow-densuty I|m|t, as seen from Fig. 1, the
ized by the wave vecto,. phonon modes do .not mix with t_he magnetoplasmons. .At
ns— 0, the frequencies of the bulklike and of two symmetric
interface magnetoplasmon-phonon modes tenatp and
ws +(q), respectively(see Ref. 2. With increasing density
Using the method developed in the previous section, th@s, the magnetoplasmon branch splits into three modes
magnetoplasmon-phonon frequencies and the magnetoatshown by heavy curvgsWhen the density rises further,
sorption spectra of a GaAs/AlAs quantum well are now cal-anticrossing of phonon and magnetoplasmon frequencies is
culated numerically. Within this approach, the CR peaks aréo be expected between #@&m ?<ng=10"? cm™ 2. This
proportional toé functions because of the discrete energyanticrossing allows us to distinguish between the lower-
spectrum of an electron in a quantum well in the presence dfequency modegheavy curvegand the higher-frequency
a magnetic field(see, e.g., Ref. 31In what follows, we modes(thin curves. Finally, for ng=10"2 cm™2, the three
introduce in Eq.(16) a finite broadeningy of the Landau higher frequencies tend to the magnetoplasmon frequency,
levels instead of the infinitesimal paramet®# +0. Here,  which behaves as n¥?, and the three lower frequencies are
we choose the valug=0.01w ;, which corresponds to the close towt; and to ws +(q), respectively. The latter two
linewidth of the CR peaks in the experiment of Ref. 12. Themagnetoplasmon-phonon frequencies are actually slightly re-
material parameters used for the present calculation are listatliced with respect tes - (q). The appearance of the branch

IIl. RESULTS AND DISCUSSION
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FIG. 1. Frequencies of magnetoplasmon-phonon modes in a 25 35 40
10-nm GaAs/AlAs quantum well as a function of the electron den- Energy (meV)

sity. The valuew.=0.8w0; is taken for the cyclotron frequency. ) ) o
Solid, dashed and dash-dotted curves correspond to bulklike, inter- FIG- 3. Experimental and theoretical transmission spectra, at

face (GaAs, and interfacdAlAs) modes, respectively. diﬁerent magnetic.fields, for a 10-nm GaAs/AIA; quantum well
with electron densityng=1.28< 10'? cm™2. The solid curves rep-

. . . resent the experimental data of Ref. 12. The dashed curves corre-
with frequency close tavy; instead ofw ; is due to the  spond to the present theory.

screening of the electron-phonon interaction by the plasma
vibrations. are plotted as a function afig for g=2q,. In the low-

In Fig. 2, the relative contributions of different density limit, the plasma vibrations give a vanishing contri-
magnetoplasmon-phonon modes to the total magnetopolardsution to W, ;(g). In this case, the electrons interact only
coupling strength with phonons. For increasing electron density, the strength of

the interaction of an electron with the lower-frequency
magnetoplasmon-phonon modes rises, while that for the

~ w,y,i(Q) higher-frequency modes decreases. For a 10-nm GaAs/AlAs
Wx,j(Q)Em (30 quantum well, the contribution of the interface
S magnetoplasmon-phonon modes into the CR spectra is
smaller than that of the bulklike modes. Nevertheless, the
0.7 interaction of an electron with the interface modes is not
[ negligible.
06 It was noted in Refs. 38, 39, that the participation of a
05l magnetoplasmon at#0 in CR for a purely electronic sys-
| tem in a quantum well, without impurities, is not allowed by
04'_ —— — Bulk-like modes _ momentum conservation. However, for a polaron gas in a
= | ===~~~ Interface modes (GaAs-like) quantum well, the interaction of the electrons with the
zé‘? . —— — " Interface modes (AlAs-like) magnetoplasmon-phonon modes characterized in Fig. 2 is
| 7=2 reflected in the CR spectrum. It is remarkable that in the
ozl P high-density limit, the largest coupling strength occurs for
- . I the mixed magnetoplasmon-phonon mode wibhk w+ .
(RN =y N = . P This fact provides a quantitative basis for the understanding
L/ x M of the resonant magnetopolaron coupling observed in Ref.
0.0 Lz? .\>>-(_,/_f By e, 12. A related effect appears also for the magneto-phonon
0 2 4 6 8§ 10 12 14 16 resonance: as shown in Ref. 40, the magnetoplasmon-phonon
ng 10" e mixing leads to a shift of the resonant frequency of the mag-

netophonon resonance in quantum wells frer¥ w ; t0 ©
FIG. 2. Relative contributions of six magnetoplasmon-phonon~ w .
modes to the total magnetopolaron coupling strengttq) In Ref. 12, CR spectra are measured for the absolute

=3, jW,,j(q) in a 10-nm GaAs/AlAs quantum well as a function transmissiorT (), which is related to the optical absorption
of the electron density. The other modes are neglected, becausgefficient by

their relative contribution is only about 16 of w(q). The nota-
tions are the same as those of Fig. 1. T(w)=1-T(w). (31
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Magneto-absorption (arb. units)

62.7 -- 100
40.2 -- 62.7
25.7--40.2
16.5 -- 25.7
10.5--16.5
6.7 -- 10.5
43 -- 6.7
2.8 - 43

18 - 2.8

L1 - 18

07 - 11

P oos - 07

P03 - 05

o2 --03

B o.12--02

B 0.08--0.12

B 00 --008

16 18 20 22 24 26
B (T)

FIG. 4. (Color) Color map of the cyclotron resonance spectra for a 10-nm GaAs/AlAs quantum well. Symbols indicate the peak positions
of the experimental spectfahich are taken from Fig. 3 of Ref. 12The dashed lines show LO- and TO-phonon frequencies in GaAs.

The optical absorption coefficient is proportional tod¥@),  plot corresponding to a magnetic fied=22.25 T, for which
w~wT1~33.6 meV. For this value 0B, the intensities of
A the peaks below; and abovew; are comparable both in
(0)= Rea(w), (32) the experiment and in the present theory. Such a behavior is

cn(w)
) o ) typical for resonant magnetopolaron coupling neaf;
wheren(w) is the refractive index. In Fig. 3, we compare the raiher than neai, ;.

experimentaf transmission spectra with the transmission e gplitting of the CR peaks manifested in Fig. 3 reflects
spectra calculated in the present V!g”? for a polaron gas withye onnaranolicity of the conduction band. In the experi-
electron densityns=1.28<10"cm™* in a 10-nm GaAs/ mental CR spectr® the higher-frequency and lower-

AlAs quantum well. Reliable comparison of our theoretical :
results with the experimental data of Ref. 12 can be perfrequency components of the split peaks are denoted, as

formed only outside a frequency band neay, (shown in respectively,B components. The higher-frequency compo-

Fig. 3 by the cross-hatched ajebecause the experimental nent of each split peak corresponds to the transitions between

spectra in this frequency region are obtained after the elimiEhe Landau levels (8:1), while the lower-frequency com-

nation of a strong absorption peak due to direct TO-phonoff@N€Nt corresponds to the transitions+2). With increas-
absorption in the substrate. It is not straightforward to extract’d magnetic field strength, the distance between Landau lev-
information on the CR spectra in this frequency region. It is€lS rises, so that the upper filled levé<1) becomes less
seen from Fig. 3, that outside the cross-hatched area the theopulated. As a result, the relative intensity of the lower-
oretical peak positions of the magnetotransmission spectfgeguency peak diminishes. It is shown in Ref. 16, that the
calculated in the present work reasonably compare with thebserved relative oscillator strengths of the split CR peaks
experimental data of Ref. 12. If one tunes the magnetic fieldre not consistent with the one-particle theoretical picture.
within the error bar, the agreement between theory and exFhe one-particle theorige.g., Refs. 41, 42overestimate the
periment can be improved. The remaining difference belower-frequency peak intensity as compared to experiment.
tween theoretical and experimental peak positions can be eXxa particular, for a filling factorv=3, the one-particle ap-
plained by possible deviation of the values of the bandproximation predictsl;_.5)/lo_1)~2, which contradicts
parametersthe electron band mass and the effective energyhe experimental CR data for high electron densitfashere
gap in a GaAs/AlAs quantum well from those in bulk. this ratio is close to 1. It is noteworthy, that fer=3, the
The effect of the magnetoplasmon-phonon mixing iscoefficientsx,,, given by Eq.(15) for |=0 and forl=1 are
clearly manifested in the CR spectra, as seen, e.g., from thequal to each other, while the contributions dRg(w) only
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slightly depend on the Landau level quantum number. There- IV. CONCLUSIONS
fore, for v=3, our theory gives(;_.z)/l(o-.1)~1, in agree- We have theoretically investigated cyclotron-resonance
ment with Ref. 16.

In Fig. 4, we plot a set of our theoretical magnetoabsorp-Spectra for a polaron gas in a GaAs/AlAs quantum well with

fon specta for  GaASIUAS quanum wel a6 o coor mapy1S% ST STt B0 1 sccou e Seeon
This map shows the magnetoabsorption intensity as a fun q 9

tion of both the magnetic field and the frequency. For comEihe electron-phonon interactiori) the magnetoplasmon-

parison, the experimental peak position taken from Fig. 3 Ophonon mixing (iii ) the electr.o.n—phonon interaction with rel-
Ref 127are shown in the same graph. For the peaks Bith evant phonon modes specific for the quantum well under

S " consideration. As a result of the mixing, different
<17.2 T(|nQ|_cate_zd by crossgshe Sp“tt'r.]g due to the_ band magnetoplasmon-phonon modes appear in the quantum well
nonparabolicity is not resolved experimentally. It is seen

from Fig. 4 that, for the high-density electron gas, antic:ross-and contribute to the CR spectra. In the 10-nm GaAs/AlAs

. - ~7quantum well(investigated experimentally in Ref. 12he
ing of the CR spectra occurs neak, both for the EXPENl”  jnteraction of an electron with the bulklike modes is domi-
mental and for the galculated CR spectra. Starting from Iarg?\ant. It is shown in the present work that, in the high-density
Bi)a set o;:';l)ealis ?'t@?‘un'?fge pmrl(ra]d tow?rdfs;n fLom polaron gas, the resonant magnetopolaron coupling, mani-
at oved, ]:N lebs lar ":g r? ’ anor renrl sle 0 ptﬁg S ar€ fested in the CR spectra, takes place at a frequency close to
pln'?e r?m de OVYt 0 al requency siig G);Aar/%i iy - i the TO-phonon frequency in GaAs. This effect is in contrast
or a fow- enS|1y pofaron gas in a S S quantum, iy the cyclotron resonance of a low-density polaron gas in
well, it was found! that the resonance frequencies, calcu-

lated taking int t the int » t elect 'tha quantum well, where anticrossing occurs near the LO-
ated ltaing into account tne Interaction ot electrons with,, 5,4y frequency. Due to the band nonparabolicity, the CR
both bulklike and interface phonons, appreciably deviat

. : . pectrum of a high-density polaron gas in a quantum well is
fromihose fc_)und for the Interaction with bulk LO phonons split into two components. The calculated CR spectra are in
only. In particular, due to interface phonons, a resonanc

Sgreement with experiment, in particular, with the results of
frequency appears between; and w4, (see Fig. 7 of Ref. d with exper » [N particuiar, wi .

. : - Ref. 12.
21). In the present work, we take into account, in addition to
the effects due to the interaction of electrons with bulklike
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