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We report results of experimental and theoretical studies of cyclotron resof@Rgebsorption from a
strongly interacting nondegenerate two-dimensional electron liquid with extremely narrow Landau levels re-
alized on the free surface of liquid helium. We found that the main many-electron effect on the quantum CR
originates from the ultrafast fluctuational motion of electron orbit centers, causing inelastic scattering in the
moving frames. This effect is described by means of the memory function formalism, employing a many-
electron approximation for the electron dynamic structure fa@@3F. Remarkably, the Coulombic effect
leads to a narrowing of Landau levels and at the same time produces a strong broadening of the electron DSF
and the relaxation kernel of the dynamic conductivity. This explains the observed transformation of the CR line
shape and the successive narrowing and broadening of the CR linewidth with the increase of the electron
density. It is shown that the Coulomb narrowing and broadening of the CR data respond differently to a change
of the resonant frequency in accordance with the concept proposed.

[. INTRODUCTION density-wave pinning, then to a magnetic field-induced
Wigner glass. The same effect of CR narrowing with the
Considerable research has been performed on cyclotraecrease ohg observed for the GaAs 2D electron gas had
resonancgCR) in two-dimensional(2D) electron systems been presented in Ref. 9 as a manifestation of the strong
created in semiconductor structures, and on the free surfadefluence of electron-electron interactions on the CR line.
of superfluid helium. The fundamental interest of CR studieQualitative explanations of the unusually narrow CR were
in such systems is based on the singular nature of a 2Based on the magnetoplasmon interaction model of Kallin
electron gas in the presence of a strong normal magnetiand Halperin'® though it was established for integral values
field.? For an ideal 2D electron gas the electron energyof v .
spectrum is discretesy=%w.(N+1/2), and the effect of A remarkable 2D electron system is formed on the free
collision broadening of Landau levels must be treatedsurface of liquid heliunt! This model system is character-
self-consistently. The finite CR linewidthy as well as the ized by the uniquely strong Coulomb interaction between
finite dc magnetoconductivityr,,(0) result from electron electrons: the mean Coulomb potential eneldly can be
scattering within the Landau levels broadened due to inter100 times larger than the mean kinetic enekgy¥ (here the
action with scatterer§ Additionally, the effects of electron- Fermi energy is much smaller than the thermal engrgy
electron interaction are usually stronger for 2D electronsThough the filling factor is usually very small in strong mag-
with narrow Landau levels. netic fields ¢ w.>kgT) and the electrons form a nondegen-
In semiconductor 2D electron systems at low temperaerate system, the Landau-level broadening induced by scat-
tures, electrons form a degenerate electron gas. Interestingrers is extremely weal,y<kgT. The latter means that, in
many-electron effects on the CR from Si inversion layersspite of the considerable thermal energy, electrons are con-
were observed in Refs. 5-7, when the lowest Landau level ifined to a very narrow energy range near the positions of the
partially occupied. At the smallest electron densitiesunperturbed Landau levels. Extremely narrow Landau levels
achieved in these studien,~5x10° cm 2, the CR line- cause an interesting inelastic effect on the dc magnetotrans-
width is much narrower than it could be, according to anyport of surface electron$SE’s), when the energy exchange at
single-electron theory or the semiclassical Drude formulaa collision exceeds the level broadenifig .? Under the
The linewidth broadens with the increase of electron densityonditionsI'y<kgT<U(, a strong influence of electron-
ns, and attains a maximum when the ground Landau level iglectron interactions on the CR is also expected. Therefore,
completely filled®” A further narrowing of the CR absorp- this model system can be used for testing different theoreti-
tion with the increase ohg, observed for filling factors cal approaches to the quantum CR of highly correlated 2D
vin>1, was explained in Ref. 8 by means of a self-electrons.
consistent improvement of the random-phase approximation In degenerate 2D electron systems of semiconductors, the
(RPA). The origin of the strong narrowing of the CR line- single-electron approach is applicable in the high-electron-
width observed atvy; <1 was attributed first to charge- density regime, and loweringg introduces Coulomb corre-
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lations. As for SE’s on helium, this nondegenerate electrorSE’s. For each electron, there is only one reference frame,
system is on the other side of the phase diagram, and lowewhere it has the discrete Landau spectrum: the frame that
ing ng makes the single-electron approximation more appli-noves along with the electron orbit center. In this frame, the
cable, while an increase of electron density enhances mangnergy exchange at a collision between an electron and an
electron effects. Thus, contrary to the semiconductoimpurity is no longer zero, since the impurity hits the elec-
systems, SE’s on liquid helium allow one to study the ap-ron orbit with the velocity—u; and the energy exchange
pearance of Coulomb effects on the CR absorption with theyttains the well known Doppler shift correctidi- u;. The
increase ofns, starting from the smallest densitie§~ 107 appearance of the energy excharm.uf produces two
cm ? (vy<1), where the single-electron approximation effects’® (1) the suppression of electron scattering within the
does not interfere with the effect of completion of the ground|_andau levels, ifiq-u;>Ty; and (2) the stimulation of
Landau level. Comparing experimental data obtained fromglectron scattering between different Landau levels, if
such a pure system with different theoretical models can refq-us=fw,. Sincefiw.>Ty, these two effects are quite
veal the origin of a strong CR narrowing induced by separated on the axis. In the single-electron approach, for
electron-electron interactions. electron scattering within the Landau levels, the CR line-
For SE’s on liquid helium there are two kinds of scatter-idth is determined by the Landau-level broadening itself.
ers: vapor atoms ofHe above the liquid surface, and capil- Therefore, the suppression of electron scattering under CR
lary wave quantaripplons. We confine ourselves to the conditions can be also described as a Coulomb narrowing of
electron-vapor atom scattering which dominateSatl K. | andau levels® This allows one to explain the narrowing of
Vapor atoms are relatively slow, and their interaction withthe CR linewidth with the increase of electron density ob-
electrons can be considered like a short-range impurity intefserved. The stimulation of electron scattering between differ-
action in solids. In the laboratory frame, the electron-vapolent Landau levels increases the collision broadening of the
atom scattering can be described as an elastic one, since thgndau levels due to the mixing of levels, though this in-
energy exchangA o is much smaller thal'y . The density  crease cannot describe the experimentally observed increase
of these “impurities” n® decreases exponentially with of the CR linewidth.
cooling which is the cause of extremely narrow Landau lev- |n this paper, we present a many-electron theory of quan-
els. The interaction potential has the most simple f&,  tum CR from a nondegenerate 2D electron liquid with ex-
=U,8(R.—Ry), which has been frequently employed in dif- tremely narrow Landau levels, and the results of a detailed
ferent theoretical models of many-body physics. experimental study of the many-electron effects on the CR
CR experiments with SE’s on helium, performed longabsorption from SE’s on superfluid helium. The CR data,
ago;>** showed the effect of quantization of both out-of- measured for different resonant frequencies, show the suc-
plane and in-plane motions on electron transport phenomengessive strong narrowing and broadening of the CR line-
Regarding many-electron effects on the CR, until recentlywidth with the increase of electron density. We found that
the experimental situatiofreviewed in Ref. 1pis very com-  the Coulomb narrowing and broadening of the CR linewidth
plicated, unclear, and challenging. respond differently to an increase of the resonant frequency,
Recently;> we briefly reported the observation of Cou- which allows one to check the theoretical concept of the
lomb narrowing of the CR linewidth for the electron-vapor many-electron effect.
atom scattering regime for low enough electron densities. Contrary to the semiconductor systems, our studies corre-
This behavior was in qualitative agreement with the mainspond to the density range where the theoretical results of
result of the many-electron theory of Dykman and KhazarRef. 8 are not applicable. Our theory is based on the general
(DK).*® According to this theory, the fluctuational many- result of the memory function formalisP>2which estab-
electron electric fielde; acting on each electron can be ap- lishes the relation between the relaxation kerWlw) [or
proximately considered as a quasiuniform field causing ahe frequency-dependent width, (w)=2ImM(w) of a
continuous correction to the Landau spectreB X (hereX  |orentzian absorption functigrand the equilibrium electron
is the electron orbit center coordinate along the fiekche  dynamic structure factdiDSF) Sy(qg, ). Since the RPA can-
narrowing of the CR linewidthy=1/n3* (Refs. 16 and 17is  not be employed here, to incorporate the many-electron ef-
the result of the kinetics of 2D electrons with the continuousfect in the electron DSF we propose an approach which takes
spectrum correction. However, the experimental density deinto account the ultrafast motion of electron orbit centers.
pendence of the CR linewidth appeared to be more compliThis approximation takes into account that each electron has
cated than this straight decredsSeirst, in the low-electron-  the free-electron Landau spectrum in its own frame, which
density rangerfs~0.1x 10° cm™2), the Coulomb narrowing moves ultrafastiq- us>1"y relative to the electron liquid
is substantially weaker than the prediction of the DK theory.center-of-mass frame, due to the fluctuational field. As com-
It achieves the predicted rate only at medium densitigs pared to the DK theor{®” we avoid the introduction of a
~0.8x10® cm 2. Then, atng>2x10° cm 2, the Coulomb  continuous electron spectrum correction, eliminating the
effect changes sign, and a strong increase of the CR lindtuctuational electric field by means of the transcription into
width with electron density was observed in accordance wittthe local frames, moving ultrafast along with each electron
previous measuremenit’® orbit center. This allows us to describe the interplay of the
The presence of the strong many-electron fluctuationamany-electron effect and collision broadening disregarded
field E; results in ultrafast drift velocities of the electron previously, and to extend the many-electron CR theory sub-
orbit centersu;=cE; /B. According to the analysis presented stantially. We found that the same many-electron effect that
in Refs. 15, it is the fast drift velocities of the electron orbit narrows Landau levels with the increase of electron density
centers that strongly affect the quantum magnetotransport gdfroduces a strong broadening of the electron 3566, )
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and frequency-dependent width paramefgf{w) as func- For short-range scattering, the CR theory that disregards
tions of w—Nw,. This allows us to describe both many- the Coulomb interaction between electrons gives the fesult
electron effectgnarrowing and broadening of the Ck-

duced by the energy exchangig- u; in the same way, and w,

to explain the observed line-shape transformation from the R oyx(w)]= p 2J dE[f(E)-f(E+hw)]

pure Gaussian of the low regime to the pure Lorentzian T

of the highng regime. Contrary to the previously used XIMGy(E)ImG(E+Aw), 1)

density-dependent Landau-level width model, our theory i o ) .
gives a proper description of the Coulomb broadening of theVheref(E) is the Fermi distribution function, an@y(E) is

CR, which even numerically agrees with the experimentafh€ Single-electron Green’s function. [Ey(E) represents
data. The CR studies performed here may also explain th§€ density of states of the Landau levels. The SCBA theory
intriguing narrowing of the CR linewidth reported for semi- "esults in a semielliptic Landau-level shdpehile the cum-

conductor 2D electron systems. mulant expansion meth&dyields a Gaussian level shape
with the same broadening paramelgy:
Il. THEORETICAL CONCEPT —ImG\(E)=(V2a/Ty)exd —2(E-Ey)%TR]. (2

The distribution of the many-electron fluctuational field The analysis presented in Ref. 1 shows that the Landau-level
E;, acting on an electron, was found in Ref. 17. Of courseshape is close to a Gaussian for the ground Landau level, and
for an isotropic liquid, the direction oE; is randomly dis- transforms to a semielliptic shape fot>1. It should be
tributed within the electron layer. The distribution of abso-noted that for nondegenerate electrons, both Landau level
lute valuesE; can be approximately described as a Gaussiaghapes give numerically close results. We employ the Gauss-
function with \{EZ)=E{")=0.84,/4 ks T,nZ2 The fluctua- ian shape, since it allows us to present most of our results in

V(E? .84 3, . . .
tional electric field can be treated as an uniform fieldA jf anl'r??:]r:(ﬁ;;’; aunaar%lrcnalli:’r?irtmlé (1) yields
=eEl <kgT, (herel = JAc/eB is the magnetic lengihWe q  EADY

assume these properties of the many-electron internal field as 5 2 2
well established. _ _ Re ()] = Vme*ng oxg — L@ _ @) C®
Thus the problem of strongly interacting electrons can be aml’g 4 51

reduced to a description of noninteracting electrons exposed . .
to the fluctuational quasiuniform electric fiekd" distributed where2 we introduced the averaged broadenifig
accordingly. Each electron orbit drifts in crossed magnetic= V(I'n*1'y,)/2. In the original SCBA theory, for short-
and fluctuational electric fields with the velocit{’ relative ~ range interaction, the Landau-level broadening does not de-
to the center-of-mass frame of the whole electron liquid. 1tP€nd onN; still we keep the subscrig, since the many-
should be emphasized that the quasiuniform fluctuationaf!€ctron reduction of'y strongly depends oN. The width
field does not change the singular nature of the 2D electroflf the CR absorption line at half-height, that follows from
system in the normal magnetic field, since this field can be=d. (3), can be written age=12I'01/(0.84%).
e”minated by a proper Choice Of the reference fraﬁ'fe .TO f|nd-the Landau-level bro«’%ldenlng as a function Of the
—E;— BXu—0. This is the frame where the center of the drift vequty of the electror_1 orbit, we use the convennon.al
electron orbit is at rest and the electron spectrum coincideBerturbation procedure which employs the Green’s function
with the discrete Landau spectrum. If electron scattering i®f scatterersD(q,t—t’). In our case, the scatterers are he-
described in this frame, we still need to introduce thelium vapor atoms described by the many-body operaagrs
Landau-level broadening in the self-consistent way, since thand ax (hereK={q,k} is the 3D wave vect9r Therefore,
strength of the many-electron effect depends strongly on th®(qg,t—t") has the following form
relation betweenA; and I'y. For the dc magneto- , . ,
conductivity?? this transcription allows one to incorporate D(a,t—t")=—i(T[Aq(DA_o(t)]),
naturally the many-electron effect with the self-consistent,pare
Born approximatiofSCBA). As for the CR theory, there are
two approaches which benefit from a transcription into the . _
frames moving along with the electron orbit centers. Aq:; M A _gaxr,  me=(1]e™1),

T

T is the time-ordering operator, aht) is the ground state of
the SE’s. Operatoré, depend on the electron state of the
Regarding electron scattering induced by impurities, ahormal motion, since they represent a sort of projection of
hq-us~A¢>T"y, the drift velocity of an electron orbit is the 3D vapor atom system onto the plane of the 2D electron
ultrafast, since it strongly affects the probability of scatter-system. The form ofA, introduced above comes from the
ing. As for electron transitions induced by the microwavestructure of the interaction Hamiltonian.
radiation, the velocitiesi; are too slow to be taken into ac-  The perturbation procedure establishes the relation be-
count in a direct way. Therefore, as a first approximation weween the electron self-energyy(E) and Gy(E) in the
can consider the CR theory of independent electrons with thtrame, where the electron spectrum is discréte details
Landau-level broadeningy(us) affected by the drift veloc- see, for example, Ref. 23In this frame, impurities move as
ity us. a whole with the velocity—u; and their Green’s function is

A. Density-dependent Landau-level width approach
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affected by the Doppler shifd(q,w+q-u¢)=—in®s(w 1.0
+Q-U¢). After the integration ovew, the necessary relation
can be written as 8 0.8
1 2rdg (= £ o069
EN(E):_Fgez f _f quJN N’(Xq) L:. 1
4 N’ 0 27T 0 ! 2
£ 04
X Gy (E+AQ-up). (4 )
= 02
Here we use the following notationd:. is the single- | . , , ,
electron Landau level broadeningx,=q?%/2, and 0 2 4 6 8 10
Innr (%) =[(N,X|exp(=ig-r)|N’,X—q,1%)|. Electron density (10° cm™)

Equation(4) differs from the conventional SCBA result
by the Doppler shift in the argument of the electron Green’s FIG. 1. The collision broadening of Landau levelé=0 (solid
function. If the energy exchangkq-us~A; is much less curve andN=1 (dashed curvg vs n; for three values of the mag-
thanT'y, then we can disregard it, as well as the mixing ofnetic field.
different Landau levels. In this limit, Eq4), together with
the Dyson’s equation foGy(E), yields the result of the
SCBA: ImGy(E) has a semielliptic shape with the Landau-
level broadenind =% \(2/7) w.vq, Wherevg is the colli-
sion frequency aB=0.

In the general case, EG) is an integral equation and the

()= | axLoTe g2y, @)

Io(2) is the Bessel function, arldy(z) is the Laguerre poly-
nomial. In the most important casBis=0 andN=1, we can

level shape differs from the simple semi-elliptical function. fin
Following Ref. 23, we simplify the problem by fixing the 14 4v24 1v4
Landau-level shape to a Gaussian funciifam example and Yoly)= Ya(y)= y & _ (9)
definel’y<Im2 \(Ey). This gives us the following equation: Ji+ay?’ (1+4y?)52
1 (2nde (= The general expression f@y( ) is rather complicated;
FN:rgez —f —f dXqIn e (Xg) therefore, we present equations fog andC, only:
N’ FNr 0 2w 0 ' ,
* —(n/o)s N _ 2(n—m)
, e 2m-=21)!! (n
xexp{ — 2[hwc(N' = N) = 2x,A( cog 0) /TR, }. (5) Co(8)=2, > = Com»
n=1 nl! m=0 2m 1)
In Sec. 1l B, we will show that a more rigorous approach is in (10
accordance with this result, proving the assumptions used _(e? n
here to be correct. Ci(8) = e i+ 1 L3 € (2m—1)!!
There are three important parameters appearing igq. ! 52 2] =1 (n+1)!i=o om
2(n—m) 2 2
Af l_‘se \/EAf E — n_ —m— 1 E
)\:F_se’ B= Fog 5= Fo. (6) X 5 n+1 pe m-3 +m+2 Cnm-

The parametek is responsible for the suppression of elec- 1€"€Cnm stands for the binomial coefficients{o=1). An
tron scattering within a Landau levélerm N’ =N), when analytical interpolation foiCy(6) can be written a<Cqy(9)

A=1. The second parametgrdescribes the mixing of dif- :(35/\/?.—0.6+ 1/5%)exp(=1/6%), which is valid for 0.4
ferent Landau levels when Coulomb effects are disregarded~d<5 with an accuracy of 2%. It is clear th&l,() is
At A;=0, the mixing of sharp levels is very small due to small forn~1, S|nce§<1 at B<1. Still, it increases fast
B<1. This parameter does not depend on the fluctuationa¥ith A and becomes important a&=1.
electric field, though there is a weak dependef¢e,), due For the ground Landau level, the solution of Ed) can
to the holding field dependence of the electron wave functio?® found in an analytical form, if we take into account that,
andv,. The parametes (a combination of the parametexs ~ at d~1, the parametex>1:
and ) is a measure of the stimulation of electron scattering 2y 5 7 5
between different Landau levels and mixing of Landau levels 93(\)=V[1+Co(V21B) 12 +4N4— 222, (11)
caused by the many-electron effect. For the mixing terms=or other Landau levels, Eq7) is solved numerically. The
(N"#N), we can neglect’y as compared tdw.. In this  density dependence of the collision broadening of two Lan-
limit, the equation for the normalized Landau level broadenay levels N=0 andN=1) is shown in Fig. 1 for three
ing gn=I"y/T'se can be presented in the form values ofB. The broadening decreases fast withat low

densities (;<10® cm 2) and increases slowlgfor B<0.5

T), or becomes nearly independentref (for B=0.5 T) in

g =xXn(MGy) + S_QCN(‘/E)"B)’ @) th)e high-density rangé/. P ol ?
Thus the linewidth of the CR of SE’s determined by

where (Reo,,(w)); decreases withg in the low-density range, due
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to the suppression of electron scattering within a Landau erw "
level (here () means the average over the fluctuational yL(w)=S—2CJ dxgXyS(q, ). (15)
field). The averaging ovelE; makes the CR curve narrower 4fi*wJo

in the vicinity of the peak and broader at the tails, with a rateTh . Lo . . .
: e most important thing is to find a proper approximation
depending on the strength of the many-electron eﬁ‘ec*Or the DSFSFZq w)=N_9fe“*’t<nq(t)n Z(OF))>dt F\)/\F/)herenq
1 e _ 1

A%O)/Fse, as if the Gaussian curve transforms into a Lorent-_ :
=2 exp(=iq-re).

zlan one. It Sh7OUId be noted that in the low-density regime, Let us first consider theingle-electronapproximation,
the DK theory’ predicts a shape that is noticeably dlfferentwhich gives

from a Lorentzian; still it also differs from a Gaussian, since
this theory disregards the collision broadening of Landau

2h
levels. _ Sedg,0)= def(E)[l—f(E+ﬁw)]
Though the averaging ovéi; changes the CR shape, the m?ng?

linewidth at the half height can be approximately described
as X 2 Inne (X)) IMG(E)IM Gy (E+ ).
N,N’
2 2
=/ + .849. . .
hiye(s)=Tg(ng) +13(n,)/0.849 (12 Assumingh w.>kgT>T ¢, andf<1, for the Gaussian level

According to this equation and Fig. 1, the CR linewidth hasshape, one can find
a finite value in the limitA;<T',, and decreases fast in the

. . . . ® N
low-density range, if\;=T'¢.. In the high-density range, the B Xq
dependenceyg(ng) is a weak increase, due to mixing of SSE(q’w)_Z\/;thO NIT o
different Landau levels. It should be noted that E).can- ’
not describe the effect of electron scattering between differ- XeX[{—Xq—ﬁz(w— ch)z/FSVN]. (16)

ent Landau levels on the CR linewidth in the full extent. The
strictest way to take into account these scattering processes
to consider the memory function approach.

Al w~wc, the resonant term witN=1 dominates in Eq.
(16), due toI'y<7%iw.. Then, according to Eq(l5), the
frequency-dependent absorption width parameter of free
i . electrons can be written as
B. Memory function formalism

Here we consider the memory function approach which J;rgewc 72 (w— we)?
allows one to incorporate the correlation effects in a more (@)= me - F—2
rigorous way. According to Refs. 2, 19, and 20, the conduc- ot 01

tivity tensor of 2D electrons can be expressed as Here I'Z, originates fromy, or from the electron-impurity

interaction, while I'g; originates from the Landau-level
S — (13 broadening. For short-range scatterelg=I"s, and I'g;
0+ o+ M(w) =T'¢. It is interesting that according to E¢L7), the fre-
quency dependent width of the Lorentzian CR absorption
function exhibits the resonant behavior itself which makes
the CR line narrower in the region of tailgi(w—w.)

1 . (17)

. ine?/m
Oyx T 1 oyy=

whereM () is the relaxation kernel. The real part Mf( w)
determines the shift of the CR, while the imaginary part of

M(w) dgscrlbes the CR linewidth. In our case, the shift .Of~1“se]. For degenerate electrons, this effect was discussed in
the CR is very small and, therefore, we confine our attentlorhef 19

to ImM (w) which can be expressed in terms of the electron Physically, the frequency dependence gf(w) in Eq.

DSF, (17) executes the transformation of the initial Lorentzian de-
52 termined by Eq(13) into the Gaussian CR curve of E)
- Yo hich appears in the pure single-electron theory of Ahdo.
IMM (w)=(1—e "/keTe) —2 > g2 14y ~ WhiCh appears in Ihe p gie— y .
MM(w)=(1-e )4m2w§q: a"S(g,), (14 This transformation is shown in Fig. 2. The pure Gaussian
function (solid curve of the dimensionless variabbe with

where the width parametewg=0.08 (the width at the half height
ve=Wg/0.849) and the pure Lorentzian functiguash-
3U2n®y,m dotted curvg with the width at the half heighty®

VO:T' = /m/l2wg=const give substantially different absorption

curves, though their widths at the half-height are nearly the
v, is the parameter of the electron wave functi¢hz) same. Conversely, the Lorentzian function with the
«zexp(—y,2). Regarding the static conductivity,,(o=0),  frequency-dependent width defined according to Edg),
the expression for IM (0) coincides with the expression for v (x) = ¥ Vexd —2(x—1)’wZ] (dashed curjeis quite close
the effective collision frequency4(B) of the extended to the proper Gaussian function. We attribute the difference
SCBA?2* which replaces, in the Drude conductivity equa- between the solid and dashed curves to the accuracy of the
tions. For the CR absorption, E(L3) results in a Lorentzian approximations used. For example, the frequency-dependent
function with a frequency-dependent width parametewidth model withy, (x) = y{®exd —2(x—1)%(1\?)?] leads to
v (w)=2ImM(w). In the ultraguantum limit, this param- a CR curve(dotted curve which practically coincides with
eter can be written as the Gaussian curvésolid curvg. From Fig. 2 one can see
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It is very instructive to analyze the case when the depen-
dencel (Ey) is weak enough to be disregarded in the inte-
gral of Eq.(18) with S, from Eq.(16). Strictly, this assump-
tion is valid for rather high electron densities, according to
Fig. 1. Still it is possible to prove that the integral of E#j8)

] , half-height is organized in such a way that the final result depends
weakly on the real behavior dfy(Ef) in the whole density
range. In this case, replaciig,(E;) by I'y(E{”)), and aver-

CR absorption (arb. units)
s

3 aging over the fluctuational field, Eq18) can be trans-

0 ol ' 9 formed as

0.8 1.0 12

X - Xq
Snd 0,0) =2\h X s
FIG. 2. Typical CR absorption curves: Gaussiaalid), Lorent- N=0 NI VI'gn+2Xq(AFY)

zian (dash-dottey] frequency-dependent width modétiashed and 5 2
dotted presented according to the memory function formalism as % ex X — A (0—Nw) (19)
described in the text. 4 F3N+2Xq(A$O))2 '

: Like the DSF of noninteracting electror&q. (16)], the
that both approachdghe Ando theory(solid curve and the many-electron DSF of Eq19) is a sum of Gaussian terms

memory function formalisnidashed curvd give nearly the exhibiting resonant behavior with regard &@— Nw. (with

same CR absorption curves, if the Coulomb interaction be: ™ . . . .
tween electrons is neglected, N=0,1,2 ...). Theimportant difference is thal'yy is re-

From Eq.(17) and the density dependence Bf,(n;)  Placed by Lo (a) = VI on(ER) +2x(Af™)2 Thus the
established in Sec. Il A, it might be concluded that the CouMany-electron effect, that narrows Landau levels in the
lomb effect should start with a broadening of the CR “ne_frame moving anng with the eleqtro.n orbit center, broadens
width [y, (wg)> 1/ (n)], which would be opposite to the the €lectron DSF in the electron liquid center-of-mass frame.
result of Eq.(12). The explanation of this paradox is based Moreover, the rule of combining the collision broadenm_g
on the fact that the single-electron approximation for the®"d the many-electron effect resembles the rule of combin-
DSF of Eq.(16) is not appropriate for electrons with ultrafast N9 the contributions of two different scattering mecha-
orbit centers. nisms )/ S

The many-electrorDSF of electrons with ultrafast orbit ~ One can see thdty;'(q) increases with in spite of the
centers can be found in the following way. Since the manydecrease ofi’g (ns), which is the solution of the above-
electron fluctuational field can be considered as a quasiunmentioned paradox: the most important resonant tekn (
form one, the problem of strongly interacting electrons re-=1) of Eq.(19) decreases with, causing the a decrease of
duces to the problem of independent electrons with ultrafaghe CR linewidthy, ()15 (q). The many-electron ef-
drift velocities u; distributed accordingly. We can describe fect broadens all terms of E¢L9), and at high enough den-
the system as an ensemble of independent electrons; eachsifies the contribution of nonresonant ternié# 1) become
them has its own drift velocity{ with regard to the electron important, if V2A{”=%w.. This is the origin of the Cou-
liquid center-of-mass frame. The time averaging is substilomb broadening of the CR at high electron densities.
tuted by the averaging over the ensemble. The contribution Before proceeding with the CR absorption, we perform
of one electron to the electron liquid DSF has the form of Eq.some checks. It is obvious that, in the limiting case-0,

(16) in the local frame, moving along with the electron orbit Eq. (19) reproduces the result of the SCBA for the electron
center. When changing the reference frame, the DSF has tH2SF. In the opposite limiting casEqy<2A{?and w—0,
transcription ruleS'(q,») =S(q,w—q-u). Therefore, in the EQq.(19) reproduces the results of the DK theory for the DSF
electron-liquid center-of-mass frame, the DSF of an electromnd for the static magnetoconductivifyThe dc magneto-
can be written asS,{q,o—q-U;), and the proper many- conductivity of electronso,,(0) is described by the first
electron approximation for the DSF of the ensemble of indeterm of Eq.(19) with N=0. In this case, the many-electron
pendent electrons exposed to the fluctuational field can beffect acts on the electron DSF of the center-of-mass frame
found asS,dg,w)=(Ssdq,0—q-U;))¢. For the Gaussian as an effective increase of the Landau-level broadehigg

distribution of E;, we have —T§(q)=T3+2x4(A[?)2, though the real broadening
I'y determined in the frame moving along with the electron
. 27dg orbit center decreases with{®) 2!
Snd g, 0)= fo dye*yf0 pye For microwave radiation frequencies~ w. used in CR

studies, at low electron densities, the main contribution to
Eqg. (19 comes from the resonant terml€ 1), due tol'y
<hw.. The nonresonant termaNg 1) become important
only at 59=1. When describing the nonresonant terms, we
wherey represents the ratiog¢/E{”)?, and ¢ is the angle can putw=w,, since their contribution ta/ (o) is practi-
between the drift velocity; and the momentum exchange cally independent of smalb— w.. Thus we can write the
f.q. We use the superscriffd) for the parameterds, A\, and  frequency-dependent width as a sum of resonbiit {) and

S taken atE¢=E{?. nonresonant terms:

X Ss{ 0,0 \2xgy cog @) AI1], (18
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densities. At two lowest densities the curves calculated ac-
cording to Eqs(20)—(22) (solid curve and according to the
density-dependent Landau-level width model described in
Sec. Il A(dashed curveare quite close. The small asymme-
try of the first solid curve is probably caused by the break-
down of the approximatiol' y<kgT. For the highest density
of Fig. 3, the difference between these two approaches be-
come large, due to the effect of stimulation of electron scat-
tering between different Landau levels.
According to Fig. 2, the width at the half-height of the
19 14 16 18 Lorentzian function with the frequency-dependent width pa-
Magnetic field (T) rametery= vy, (w) is practically the same as the width of the
conventional Lorentzian withy= vy, (w.). The latter quantity
FIG. 3. The CR line-shape transformation caused by the manyean be evaluated without the assumptlbnzI‘N(E§0)) in
electron effect: the memory function formalism, according to Eqs.the resonant termN=1). Direct evaluation of the resonant

(2_0)—(22) (solid curve$i and_ the density-dependent Landau level term 7(LR)(wc) based on Eqg14) and(18) gives
width approach described in Sec. Il @lashed curves Electron

7=1.36 K

- -
o (4]
1 rf

it
i

CR absorption (arb. units)

densityns=0.3x10° cm2 (1), 1.0x10® cm 2 (2), and 5.0 10P JaT o
—2
em = 3. Y0 === fo e Wo,(\Ny)dy, (23
(@) =7P(0)+ "7, (20
where
where
3( 2 +)\2)2 2
@, VTS [+ xexp—x) TVAREN P AR L S
v (w)= > = : (G2 4+ 2)\2)52 (g2 ,+2)\2)%2
2ho  Jo \/FO,1+ 2x(A{0)? 0.1 0.1
2 2 and gq 1=F01/FSGE\/(902+921)/2 is the function of\, ac-
i(w—w¢) o ! (NR) -
xexg — —————o|dx, (21 cording to Eq.(7). The nonresonant term;" ~ remains the
I3+ 2x(A{)2 same as in Eq22).
In the extreme many-electron Iimiﬂé°)>l“se), neglect-
(NR)_ \/;FsekA(é(o)) 22 ing y"®(w,), Eq. (23) reproduces the result of the DK
n 2h  ho. ’ theory which, we represent as
|N_1|N+3/2 3 FZ 1
A§)=2 > K+ am(2IN=1[/6). o — (24

We) ™~ ——= .
YL( C) 8\/§ﬁA$O) n:s:,/4

The approximation of the ultrafast electron orbit centers in-
troduced here restricts this result from both low- and high-
Blectron-density ranges. In the low-density limit{f’
<I'g), vi(we)~T's/f is practically independent ofg. In

. " . the high-density rangeA(%O)zﬁwC), the nonresonant term
According to Eqs(20)—(22), the CR line shape changes V(LNR) becomes important, increasing () and changing

in the following way. The resonant term(®(w), which .
makes a Gaussian from the initial Lorentzian function in thet[he sign of the. many-electron effect, due to electron scatter-
ing between different Landau levels.

single-electron theory, as shown in Fig. 2, becomes more an
more broadened with the electron-density increase due to th In the general case, we evaluated B@?) and(23) nu

e gl .
Coulomb correction/2x,A (. Qualitatively, this effect can merically. The results fo, (wc) are shown in Fig. 4 as solid
aBt ,

. curves found for three values Bf The corresponding results
be described by Eq(17), wherel'o, should be replaced by of the previously described density-dependent Landau-level

Vot 2(45 )2*_ according to Eq(21) and the estimation  igth model[ ys of Eq. (12)] are shown as dashed curves.
Xq~1. This additional broadening of the resonant teyfjW Though the curves of the weakest magnetic fi@d=0.2 T)
reduces its amplitude{™(wc) and narrows the CR line- do not correspond the conditions of the quantum CR of the
width. When 2A(?) increases abovE,;, the width func-  electron-vapor atom-scattering regime, we will show that
tion y, (w) becomes less and less dependenb afithin the  they explain qualitatively the experimental results of Ref. 18
CR resonance frequency range- w.<I'g,, which trans- found for the electron-ripplon scattering regime. The elec-
forms the Gaussian absorption curve of noninteracting eledron density range which corresponds to the range of param-
trons into a Lorentzian curve of electrons with ultrafast orbiteter\ of Fig. 4 is different for each solid curve, due to the
centers. In the limiting casg2A{¥>T ,, the CR line shape field dependence ofs(B)x\B and A(B)x1/\yB [or
becomes a pure Lorentzian function. N(B)«1/B]. Thus, forB=0.2 T, the ranga. <5 is realized
The transformation of the CR line shape caused by théor ng<0.72<x 1% cm™2, while for B=3 T the correspond-

many-electron effect is shown in Fig. 3 for three electroning density range is substantially wider;<37x 10 cm™2.

N(Z1) N!5N+5/2

K,(z) is the Bessel function, and® = 2A{"/%w. For
simple estimations of the effect of stimulation of electron
scattering between Landau levels, one can use the interpol
tion formula A(8)=23.26"%exd —(0.3/5)%], which is ap-
proximately valid ats<1.1.
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FIG. 4. The CR linewidth vs the many-electron paramaté@!

=A{9IT at T=1.36 K for three typical resonant magnetic fields: FIG. 5. Schematic diagram of the experimental cell.

the memory function formalisn{solid curve$ and the density-

dependent Landau-level width approgdashed curvesThe low-  tional electric field can be considered as quasiuniform. Be-

est curvegsolid and dashegdare plotted for the limiting castw.  yond this regime, our approach takes into account only the

>A{0. uniform part of the fluctuational field which induces drift

velocities ul” . Since the main effect described here origi-

It is instructive to compare the resonant term of Ezp) nates from the ultrafast fluctuational motion of electron orbit

(the lowest solid curve of Fig.)4 describing the effect of centers, we may assume that our approach will be qualita-

suppression of electron scattering, with Etp) of the alter-  tively valid even for nonuniform fluctuational fields.

native approach fofg (the lowest dashed curyeneglecting

the effect of mixing of Landau levels. These curves corre-

spond to the limiting casé w.>A(?. One can see that the

approach based on the memory function formalism and the

densitv-dependent Landau-level width aporoach aive re- The main experimental difficulty in observing Coulomb
y-dep pproach g arrowing of the CR linewidth for SE’s on the free surface of
markably very close curves. The small relative increase of.

. ; . (0) : ~“liquid helium, as can be seen from Figs. 1 and 4, lies in the
the solid curve in the limit¢"—0 reflects the shaping ef fact that it requires a combination of a strong resonant mag-

fect: in Lhi_s rar;geLthe ?R sf;apet_of tgetme:cmorty fumﬁ_ior?netic field[or a high frequency of the microwa\®W) ra-
approach Is not a Lorentzian function, but a function whic eiation] together with the possibility of measuring down to

is close to a Gaussian with the width at half-height equal o N ; e
: ery low electron densities. This implies a high sensitivity of
V2/my/0.849=0.94y,_. There is no doubt that both theoret- 1 o" jetection system used.

ical approaches result in the same Coulomb narrowing effect £ our measurements. we use a MW spectrometer work-
on the CR linewidth. ) ) ing at frequencies of 40—-60 GHz. Figure 5 shows a sche-
Contrary to the Coulomb narrowing, the broadening of jatic view of the low-temperature part of the setup. It con-
the CR induced by the many-electron effect is described difgjgig essentially of a metallic cavity in the form of an upright
ferently by each of the two approaches introduced above.yjinder, acting as a resonator for microwaves in the,TE

The increase of the CR linewidth withs is substantially . o4e. The bottom plate of the cavity is mounted on a mov-
stronger for the memory function formalism, as shown ingpq plunger to enable the height of the resonator to be
Fig. 4 for thr_ee values of the magnetic field3€0.2 T, 1 T, changed, and thus to tune its resonance frequémasitu.
gnd 3 T) (solid curves 1, 2 and)30ne can see that the Weak_ The cavity has a diameter of 10.8 mm and a height between
increase of the broadening of Landau levels due to the mix7 ,m (at 40 GH2 and 3 mm(at 60 GH2. The resonator is
ing effect(dashed curvgcannot be a measure of the many- gnerated in reflection mode through a single rectangular
electron broadening of the CR. This is reasonable, beca“%aveguide, ending above a coupling hole in the top plate.
the probabi_lity of electron sqattering between different Lan-gq, signal detection, a phase-sensitive heterodyne system
dau levels induced by the high-energy eXChaA&Q%ﬁ% with high sensitivity is employed. To avoid possible line-
does not actually depend on the Landau-level broadening faghape distortions due to a heating of the electron system, the
I'y<foc. Additionally, the presentation of Fig. 4 shows \myy input power is kept at an estimated level of below 1D
that the magnetic-field dependence of the Coulomb narrowy per electron. At this level the line shape is in the equilib-
ing can be normalized by VB, while the Coulomb rium regime, as we verified in a former study of the power
broadening still decreases wi, approaching the lowest dependence of the CR For further details of the microwave
solid curve, since the Landau-level separatfoa =B in- part of the setup, we refer to Ref. 25.
creases faster witB thanT's.. Top and bottom plates as well as the sidewall of the cav-
Figure 4 shows also that the many-electron effect changesy are electrically isolated from each other, and can be put at
its sign at a rather small value of the paramesé¢?/ 7iw, different potentials. Furthermore, the bottom plate consists of
due to the fast decrease of the resonant t@ﬁ?ﬁ with A (©), an array of four concentric electrodes in Corbino configura-
This means that the CR narrowing and most of the CRion. Of these, the central one and the third are used to mea-
broadening of Fig. 4 occurs at conditions where the fluctuasure the complex conductance of the electron layer at low

IIl. EXPERIMENT
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1 2 FIG. 7. The CR linewidth data v&, for fixed electron densi-
Magnetic field (T) ties: ng=0.37x10® cm 2 (circles and ng=2.5x10® cm 2 (tri-

] ) angle$; solid symbols represent the saturation conditi&n
FIG. 6. The CR apsorptlorlzdata &=1.36 K for six electron  —3en . The CR linewidth is given by the memory function for-
densities shown in units 2a&m™2. malism[Egs.(20)—(22)]. The saturation condition is shown by the

] ) solid curve, and the fixed electron density conditions by the dashed
frequencies between 3 and 30 kHz in order to check whethegypyes.

we have conventional results for the Coulomb effect on the

static magnetoconductivity,,(0),? as described in Ref. 21, voltageV determined the value of the pressing electric field,
while the second electrode is put at ground to reduce thehile the voltage applied to the guard electrodgs was
direct cross-talk between the measuring electrodes. Thgdjusted accordingly to keep the electron density always at a
fourth and most outward electrode is usually put on the sameonstant value. We chose two distinctive densities: one in the
negative potentiaV as the side wall of the cavity and the |ow density regime 1f=0.37x 10° cm™?), and another one
two act together as guard electrodes. in the vicinity of the minimum of the CR linewidthn(

In the experiment, the cavity is partly filled with liquid =2 .5x10° cm~?). The corresponding data are shown in Fig.
helium to a height of typically 0.6 mm above the bottom 7, together with theoretical curves calculated according to
plate. Electrons are produced by heating a small filamenggs. (22) and (23). The most important conclusion which
placed in a hole in the top plate, and confined to the heliunfollows from this figure is that the holding field dependence
surface by negative potentials applied to the top plate angs much weaker than the density dependesodid curve of
guard electrodes, while the Corbino electrodes correspond fe CR linewidth, even for the Coulomb broadening regime.
the ground potential. Another important point is that an increaseff may cause

Most of the CR measurements presented here were pegnly an increase of the CR linewidth due to the field depen-
formed with varying electron densities under the satura- dence of the electron localization length }(E, ) in the per-
tion condition 2rens=E, , when the electric field of the pendicular direction. This weak dependence is in accordance
electron layer screens completely the external electric fielgyjth the theoretical curvegdashed shown in Fig. 7. An
E, above the layer. In these measurements, the voltages aprcrease of, even qualitatively cannot be an origin for the

plied to the top plate and guard electrodes were kept thgoulomb narrowing of the CR, and the latter represents a
sameV1=Vg, and, after the procedure described in Ref. 27 5yre many-electron effect.

we used the capacitance measured across the Corbino elec-

trodes to ensure .that t.he electron density always. corre- IV. EXPERIMENT-THEORY COMPARISON

sponded to saturation. Since the electron-vapor atom interac- AND DISCUSSIONS

tion is nearly independent of the holding fidtd , especially

at low electron densities, the density dependence of the line- Before proceeding with the analysis of our data, we con-

width observed in our experiments reflects the many-electrosider the conditions of the experiméfitwhere there was no

effect produced by the fluctuational electric fietgl. sign of the Coulomb narrowing of the CR linewidth ob-
The raw CR absorption data are shown in Fig. 6 for sixserved, in contradiction with the DK theot§In that paper,

typical electron densities. The absorption line of the lowesthe linewidth data had shown a linear increase wiglin the

density is substantially broader than the others, and its shapange: 0.X10° cm ?<n<4.5x10° cm 2. The tempera-

can be nicely fitted with a Gaussian function. On the othetture of the system was quite low & 0.062 K), which means

hand, the absorption lines of high enough densitias ( that the electron-ripplon scattering dominated the electron

=1.7x 10° cm?) have pure Lorentzian shapes. The CR linetransport and the electron system was mostly in the Wigner

shape of the intermediate densities is a sort of mixture ofolid state(though the onset of electron crystallization was

Gaussian and Lorentzian. Figure 6 shows the successive naret observed with CR The important point is that the mag-

rowing and broadening of the CR linewidth with the increasenetic field used in Ref. 18 was very wedkss than 0.1 T

of electron density. Under these conditions, the additional energy exchange
To check that the observed phenomena are caused solataused by the ultrafast orbit centeméo) is larger than the

by many-electron effects, we performed some measurementsindau-level separatiohw, in the whole range of electron

at a fixed electron density, varying only the holding electricdensities used there. This correction does not depend on the

field E, (i.e., at nonsaturated conditiondn this case, also kind of scatterers present, and is surely applicable for

according to the procedure described in Ref. 27, the top platelectron-ripplon scattering in the moving frames. This means



2602 YU. P. MONARKHA, E. TESKE, AND P. WYDER PRB 62

0.7 o
:(E .v
2 .
> =
£ E
K -
c )
2 S
5 &
2 £
3 o
< 5 f
O B=143T(1); i “¥ueozi
20T Q). IR
Magnetic field (T) 0.1 . s .
0.1 1 10

FIG. 8. The CR absorption for two electron densitiescles
and squares The memory function formalism is shown by the solid
curves, and the density-dependent Landau-level width approach by FIG. 9. The CR linewidth vs
the dashed curves. S

Electron density (10° cm™)

for two resonant values d:
B=1.43 T(symbols of open styjeandB=2.0 T (symbols of solid

that electron scattering between different Landau levelSY!®- Also given are the Gaussian fitting ddtarcles, the Lorent-

dominated the CR linewidth. In this case, the main contribyian fitting datatriangles, the memory function formalism accord-

tion to y,(w,) comes from the nonresonant term(LNR) ing to Egs.(22) and (23) (solid curve$, the density-dependent
C

. . . - : . Landau-level width approacfdashed curves and the theory of
>7(LR)(wC)] increasing withng. Qualitatively this effect is pproactd 9 y

) . : . Dykman and Khazaidotted curves

seen in Fig. 4, where the highest curve is plotted Bor
=0.2 T. The reduction of the CR linewidth is very small and Lorentzian fitting dat&triangles for medium and highm;.
occurs at very low electron densitieg<5x10° cm 2,  These two sets of data overlap in the range of medium elec-
which is far beyond the density range used in Ref. 18. Moretron densities, as shown in Fig. 9 for two values of the reso-
over, in the density range used in this experiment, the theorpant magnetic field. In this figure, the theory presented here
based on the memory function formalism presented herésolid curves 1 and)2contains no adjusting parameter. The
gives approximately linear increase of the CR linewidth withpossible contribution from the electron-ripplon interaction is
ns, which is in accordance with the data reported. very small in the density range shown in the figure. For

Regarding our data, we apply substantially stronger magkandau-level broadening it varies from 0.7@6west den-
netic fields, which places the minimum of the theoreticalSity) to 12% (highest density In Fig. 9, we took it into
curves in the middle of the electron-density range usedaccount as an appropriate increasd’gf calculated accord-
Comparing the data with the theoretical concept, we checkg to the results of Refs. 12 and 23 for electron-ripplon
first whether the presented theory can describe the transfoscattering.
mation of the CR line shape observed with the increase of According to Fig. 9, the increase of the resonant fre-
electron density. As we already mentioned, the qualitativejuencyw as compared to the condition of Ref. 15 shifts the
accordance with the theory is obvious: it follows from Fig. 6. Coulomb narrowing into the range of higher electron densi-
The lowest density data can be nicely fitted by a Gaussiarijes. This is caused by an increase of the Landau-level broad-
while the medium- and high-density data follow a Lorentzianening with the magnetic fielf . \/B. This is also valid for
absorption curve. The shape transformation starts as a nahe results of the DK theory shown in this figure as dotted
rowing of the absorption curve in the vicinity of the reso- curves. The theory presented hesmolid curve$ and the
nancew~ w, leaving the tails unchanged, which is also in density-dependent Landau-level width modétashed
accordance with the theoretical curves of Fig. 3. To compareurves both deviate from the DK theory in the range of low
the data and the theory quantitatively, in Fig. 8 we show twaelectron densities in the same way, and describe the CR line-
typical data plots and corresponding theoretical curves cawidth data much better. In the range of high electron densi-
culated according to Eq$20)—(22). For a comparison, we ties the experimental data and the solid curves also deviate
also show the result of the density-dependent Landau-levedtrongly from the dotted curves, and the increase of the CR
width model (dashed curves For the lowest electron den- linewidth with ng is nicely described by our theory. Both the
sity, the data plot has a slightly wider linewidth than thetwo solid theoretical curves and the two data plots of differ-
theoretical curve, while for the higher density the solid the-ent resonant frequencies cross at highpractically in the
oretical curve perfectly fits the CR data with no adjustingsame point. This means that the increase of the magnetic
parameter. field suppresses the broadening of the CR, making the effect

The CR linewidth at half height of the experimental dataof Coulomb narrowing stronger in accordance with the the-
is found here by fitting the absorption data to the convenoretical concept of stimulation of electron scattering between
tional Gaussian or Lorentzian functions. As the CR absorpdifferent Landau levels.
tion line is generally a sort of mixture of Lorentzian and It is very instructive to use the presentation of Fig. 4,
Gaussian, there is a small difference between these two fitormalizing the CR linewidth by, for the experimental
ting sets of data. Since at low electron densities, the linelata as well. In this case, we use valued gfcalculated for
shape is mostly a Gaussian and at higher densitigs {.7  each experimental density and magnetic field according to
x10° cm™?) it is a Lorentzian, we present the Gaussianthe SCBA theory for the electron-vapor atom interaction.
fitting linewidth data(circles for low and mediunng and the  The result of this normalization is shown in Fig. 10. Contrary
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2 v ter eliminates the fluctuational field, restores the Landau
spectrum, and makes electron scattering substantially inelas-
B=1.43 T (1); tic due to the Doppler shiffiq-us. Two theoretical models
20T (). have been analyzedl) the model of independent electrons
based on the Ando CR thedrand on the inelastic SCBA,
with the Landau-level broadeninf, affected by the ul-
trafast drift velocity us;'® and (2) the memory function
formalism>2° with our approximation for the electron dy-
namic structure factor, taking into account the ultrafast mo-
tion of electron orbit centers. For low and medium electron
densities, both theoretical models result in practically the
0.2 1 4 same Coulomb narrowing of the CR linewidth due to the
) inelastic suppression of electron scattering within the ground
Landau level. For high electron densities, when the ultrafast
FIG. 10. The normalized CR linewidth data and the theory vsdrift velocit_ies of electron orbits stimulate electron scgttering
A @=AO)T_ for two resonant frequencies. Notations are the samdetween different Landau levels, the memory function for-
as in Fig. 9. malism results in the Coulomb broadening of the CR which
is much stronger than the increase of the collision broaden-

to Fig. 9, here we disregard electron-ripplon interaction, and"d Of Landau levels. .

to adjust the theory to the data all the theoretical curves are EXperimental studies of the CR absorption from the 2D
shifted slightly up by 11%. One can see that the effect of th&lectron system formed on the free surface of superfluid he-
magnetic field on the Coulomb narrowing of the CR is per-llum reported here have shown this strong successive nar-
fectly normalized byT.e\B. Conversely, the Coulomb OWINg and broaQen|ng of the CR linewidth ywth the_mcrease
broadening of the CR with, cannot be normalized in such of electron density. All the tests performed in studying these
way, since this effect is described by the paramet} many-electron effects appeared to be in accordgeven

_ \/§A§°)/hwc rather than by)\(O):MO)/Fse_ For the ex- n_umerlca] with the theoretlcal co_ncept presented. The den-
perimental data B=1.43 T of Fig. 10, the parameter sity depe_ndence of the CR I|new|dth found _for two resonant
A%O)/ﬁwc varies in the range 0.@4A$0)/ﬁwc<0.7. It should frequencies and the transformation of the line shape caused

. c . by the many-electron effect are nicely described by the
be noted that the accuracy of determination of the CR IIr"a'r’nemory function approach reported above. Even the differ-
width from the absorption data increases with electron den

. ; " : ent response of the Coulomb narrowing and broadening to an
sity because for higher densities we have a stronger S'gnal'rncrease of the resonant frequency observed is in accordance
with the theoretical model, describing the many-electron ef-
V. CONCLUSIONS fects as suppression and stimulation of electron scattering
caused by the ultrafast motion of electron orbit centers. Our

We have investigated the influence of strong Internalstudies eliminate the conflict between experiment and theory

forces on the CR absorption from a 2D electron system Witl}eported in Ref. 18 and might give a new explanation for the

extrem?_ly fnzilgomLa:(Tda:u Iﬁvelsl. _Intthe pl)relserthe ?f Iz(ajstron any-electron narrowing of the CR reported long ago for
magnetic field, the fluctuational internal electric fields aregqiconguctor 2D electron systems.

quasiuniform, and the system can be considered as an en-
semble of nearly independent electrons whose orbit centers
are moving ultrafast with the drift velocity distributed ac-
cording to the distribution of the fluctuational field. The tran- A part of this work was supported by an INTAS-97-1643
scription into local frames moving along with each orbit cen-grant.
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