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The electron spin resonan¢ESR of a two-dimensional electron systef2DES in Al,Ga, _,As/GaAs in
the regime of fractional filling(v<1) of the lowest Landau level is investigated by a photoconductivity
technique at millimeter wave frequencies. By performing the experiments in a standing wave the ESR is shown
to be a magnetic-dipole transition. This is in agreement with a calculation based on an 8-band mddel and
theory. The(single-electrontheory also yields excellent agreement for the experimental and theoretical mag-
netic field dependences of the ESR transition energy, i.e., single-electron transition energies are measured and
Kohn'’s theorem is not violated. Nevertheless, due to electron-electron interaction the ground state of the 2DES
can be a many-particle state with similar amplitudes of spin-up and spin-down contributions. Evidence for such
a reduced spin polarization is found in a striking reduction of the ESR strength when decreasing the tempera-
ture from 1.6 to 0.3 K.

I. INTRODUCTION magnetic resonanteand of interband transitioris.
In the present paper, we study the ESR of the 2DES in

Two-dimensional electron systen@DES in semicon- Al,Ga _,As/GaAs in high magnetic fields where the filling
ductor heterostructures and MOS structures show a variety ¢iff the lowest Landau level is smaller than unity and at tem-
interesting phenomena with &Ba, ,As/GaAs representing Peratures where the FQHE develdfis6—0.3 K). Because
a prototype system for the heterostructuréghe 2DES in of the smallg factor the experiments have to be performed at
Al Ga,_,As/GaAs is also of particular interest because ofMillimeter wave(MMW) frequencies of about 50 GHz. The
the small effectivey factor (g* ~ —0.4) making spin effects first purpose is to investigate the mechanisms responsible for
of great importance. The most direct information on the spiﬁr':/?Ml\E/\?R ibsorptltc)jn a_m_j |ts'det(|acg\on as a Lnllhmeterlwave
properties can be obtained from an investigation of the cong . ) photocon UC“\.”ty signal. Among other questlpns,
duction electron spin resonan@SR. In a previous woriz? this concerns the dominance of elect(teEDT) or magnetic

S I ipole transitiondMDT). The second purpose concerns the
;:I]I‘iangfgc':/(\)l ?Ss;tluctlgd :2 m%hr%?r%r;eg? t];:eelc:ﬁt;;Ie‘?gﬁglrjltll%egossible influence of interaction effects on the spin reso-

= . d diti here the FQHE is obsefvedl).
Hall effect (QHE). The observed ESR transition energlesnance under conditions where the FQ is obsex )

. X . . These interaction effects are not included in khp calcula-
could be described by usinglap calculation for indepen- ions of Ref, 4 and have not been detected in previous ESR

dent electron$ A variety of transport and optical phenomena experiment€? This has been in agreement with the expec-
can also be understood in the independent-electron picturgons from Kohn's theorem’ viz that in a resonance transi-
However, in several cases interaction effects have provefion there is no coupling to the relative coordinates of the
essential for an interpretation, e.g., of the metal-insulatoparticles. However, Kohn's theorem is valid only for a para-
transition in a 2DES at zero magnetic fitlshd of the frac-  holic band structure, a condition that is not strictly met by
tional quantum Hall effectFQHE) at high field™® In the  2DES. It is therefore of interest whether the predicted ESR
independent-electron approach at sufficiently high magnetienergy dependence on magnetic fledgbplies also at high
fields only the lower spin sublevel of tié=0 Landau level magnetic fields in the fractional filling factor regime =t 1

is occupied(illing factor »<<1). Due to Coulomb interaction where the many-body interactions that are responsible for the
effects, however, a many-body ground state with similar amFQHE dominate. Even if there is no effect on the ESR en-
plitudes of spin-up and spin-down can exist at sufficientlyergy due to Kohn’s theorem, many-body effects could affect
low temperatures as has been shown by finite-sizehe strength of the ESR, e.g., via the relative amplitudes of
calculations:®*! The effect of the interaction can be particu- the spin-up and spin-down contributions to the many-particle
larly strong in semiconductors like GaAs because of theground state.

small value of the effectivg factor and of the Zeeman split-

ting (g* ugB). A transition from a spin-polarized to a spin- Il. EXPERIMENTAL ARRANGEMENT

unpolarized state is predicted to occur when lowering the

temperature below 1 K. Experimental evidence for spin po- The experiments are performed on an
larizations smaller than expected from the independent eledl 3:Ga, ssAS/GaAs heterostructure witf001] growth di-

tron picture has been found in measurements of the nucleaection. The substrate has a thickness of about 0.5 mm, and
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Ill. EXPERIMENTAL RESULTS
reference output |

output ARy Figure 2_shows& Ryx at 1.6 K for a range of frequen_cies.
The ESR signalmarked by an asteri$kappears as a dip or
peak on a nonresonant background. The background signal is

FIG. 1. Experimental arrangement for the measurement oparticularly strong in magnetic field regions adjacent to the
ARyx. The longitudinal resistanck,, is measured by the lock-in  minima WherdQXX varies rapid|y’?*15 The po|arity of the ESR
amplifier 1. The lock-in amplifier 2 is used to detect the change Ofsignal coincides with the polarity of the background, i.e.,
the Iongit.udinal resistancAR,, due to the amplitude modulated there are peaks where the background is positive and dips
(AM) millimeter waves. where the background is negative. The field dependences of
the ESR frequencywesg=g* ugB and of the effectiveg

the AL, Ga,_,As is 78 nm thick with a 35-nm Si-doped layer factorg* are plotted in Fig. 3. When reducing the tempera-

separated by a 43-nm spacer from the GaAs. The GaAs cdf"® below 1.6 K the ESR shows a striking behavior. At the
layer has a thickness of 20 nm. The electron densitysis temperature of 1.2 K the ESR disappears in the vicinity of
—14x10%cm 2 and the mobility is w=0.8 the fractional filling factorr=2/3 (B=9 T) and around 8.2 T.

x 10° cn/Vs. The sample is 7-mm long and 3-mm wide The latter region is not associated with a particular fractional

. . Ryx minimum. Reducing the temperature further to 0.3 K
with current and voltage contacts alloyed into the sample uses a disappearance of the ESR signalRy, over the

i C
edges using In dots. The measurements are pgrformed ﬁ‘ﬁl magnetic field rang€7-10 T) examined. As an example,
temperatures between 1.6 and 0.3 K in magnetic fields up Bhservations at 1.6 and 0.3 K are compared in Fig. 4. While

10.7°T. . . the ESR disappears the strength of the background signal
The ESR absorption was too weak to be directly observy, ragses by about two orders of magnitude.

able in transmissiofsee also Refs. 2 and.3t can, however, Previous worké17found a dependence of the shape of the
be o.bse.rved in photoconductivity, i.e., via the change of thgsR signal and of the ESR position on the direction of the
longitudinal resistanc&\R,, due to the absorption of the magnetic field sweep around odd filling factors. In the

millimeter waves by the 2DES. A double lock-in technique present work no such dependence is seen. Two typical traces
is used to measurB,, andAR,,. The measuring circuit is

shown in Fig. 1. A constant ac currerff £ 100 H2 with up 0.44 : 60
to 1.5uA rms is applied to the sample with a 10(Mresistor ~ ’
in a series. Fully modulated millimeter waveds (q ~o -
~13 Hz) in theU-band(40-60 GHz are directed onto the 97 | S | fcHz
sample by a rectangular wave guide. The power incident on RN

the sample is about 5 mW. The first lock-in amplifier is setto  0.40+ S 440
the frequencyf, and measures a signal proportionalRg, . N

The R,, signal contains an oscillatory component with fre- ] ]
qguencyf,,oq proportional toAR,,. In order to transfer this

component without attenuation to the output the time con- u
stant is set to a low valu€l0 mg. The AR,, signal is ex- 0-36 1%
tracted by the second lock-in amplifier setftQ,q. Its time
constant is largé€3 s) to minimize noise.

In most of our experiments an absorber is placed behind
the sample so that the measurements are performed with 0.32 N 0
propagating waves. In order to investigate the dominance of 0 2 4 5 ™ 8 8 10
electric or magnetic dipole interaction a standing wave is
created by placing a short at certain distances behind the FIG. 3. Dependence of the ESR frequency and of the effegtive
sample. Thus the sample can be placed at positions with factor on the magnetic field at 1.6 K. The dotted line corresponds to

maximal magnetic MMW field accompanied by vanishing a constang factor (—0.44). Dashed and full lines are calculations
electric field or vice versa. according to Eq(4.4) and Ref. 4.

lock-in amplifier 2

input
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B(T) sistanceA R, with the sample placed in the standing wave pattern

in front of a short at different distances€\/4, \/2, and 3/4).
Shown is also the result for a propagating wdpewv.). The non-
resonant background was removed from AR, traces. Its values
are given in bracketd.=42 GHz,T=1.3 K.

FIG. 4. AR,, taken at 0.3 K(dashegl and at 1.6 K(solid), f
=43 GHz.

for up and down sweeps takenfat 43 GHz andT=1.6 K

are shown in Fig. 5. Also at 1.2 K the up and down sweeps Hes= \/§[TX(ka+iC26yz)+C-p-]v
give identical results within the noise level.
Figure 6 shows the ESR signal with the sample placed at Her= _1/\/5[0 (Pk+iCoe,)+C.p] 4.1
<(Pky y2) tc.pl. .

different positions in the standing wave pattern in front of a

reflecting short\/2 corresponds to a maximum of the MMW Here, P is the interband momentum matrix elemeay, is
magnetic field and a node of the electric field. ¥# and  the strain tensor, an@, is the appropriate interband strain
3\4 the electric field is maximal and the magnetic field deformation potential® c.p. denotes cyclic permutation. The
minimal. The strength of the ESR correlates with thecross matriced are

strength of the magnetic field component, i.e., the ESR is

maximal at the maxima of the magnetic field and vanishes at -J3 0 1 0
the nodes. T,=1/(32) 0 -1 0 3|
IV. THEORY \/§ 01 0
A. Electronic band structure of the 2DES Ty=— i/(3\/§) 0 1 0 \/§ , 4.2

To determine the properties of the 2DE% @ perturba-
tion calculation is performed using eight conduction and va-
lence bands: th&€4(S7,S]) conduction bands and the spin- 01 00
orbit split FS,Flg valence ban_ds made_ up ofX(Y,2) T,= J2/3 0 0 1 0l
X (1,]) statesi® The contributions of higher band%?{
termg are neglected for the electromagnetic transition-matrix , o )
elements while taken into account for the calculated ener] N€ 'S are the Pauli spin matrices. _

As this paper concentrates on the conduction band, the

gies. Then the relevant cross terms between the conduction  PerE o
and valence bands afe 8% 8 Hamiltonian is reduced to ax2 Hamiltonian perturba-

tively. This yields a Hamiltonian

+0.3Q
R @ H(k):% aMZ X{EMHEN (k). 4.3
-1.2] k corresponds to irreducible representidihs. For the 22
-— conduction-band matrix the relevant representationslare
-1.44 (unit matrix) andI', (The basis of this represention is formed
by the Pauli spin matricesDepending onk, |=X,y,z(x
-1.61 =4) orl=1(k=1). In the first caseX(*") =g, , in the sec-
ond caseX{™ is the 2<2 unit matrix. The index further

76 78 80 82

B (T) enumerates different components of the Hamiltonian, e.g.,

HM(k) =1, H{M2(k)=K>.
FIG. 5. AR, recorded with risingtop) and falling magnetic The confinement of the 2DES is approximated by a trian-
field (bottom). f=43 GHz,T=1.6 K. gular potentialV(z) =eFz and is taken into account by the
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envelope functionsp,(z) and ¢ (z) for the spin-up and 0.4 r r . T
spin-down conduction bands, respectively.

B. The effectiveg factor

We solve the Schidinger equation with the 22 Hamil-
tonian of Eq.(4.3) for the potentialV(z)=eFz and a mag-
netic field applied perpendicular to the 2DES. The energy
dependence of the lowest Landau level for both spin orien-
tations is calculated following Ref. 4. The resultigdactor

02F

transition matrix element (m/s)

has a linear dependence on magnetic field: 0.1}
g*(B)=g*(B=0)—-cB(N+1/2). (4.9
The value ofc is determined bya,s, i.e.,c=8(a,3)/B. (as3) 0.0,

is due to the isotropik-dependent Zeeman contribution to
the Hamiltonian. The angle brackets refer to an average over

the extent of the wave function in tiedirection. FIG. 7. Matrix elements for the magnetiDT) (solid) and
electric-dipole transition$EDT) (dashed vs magnetic fieldB.

C. ESR selection rules: Magnetic and electric dipole transitions

To investigate the processes responsible for the ESR wene first term in Eq(4.8) originates from the-p interaction

consider the single-electron Hamiltonian as does the nonparabolicity of the conduction band. The sec-

ond term is induced by straire{,) and appears in crystals
Ho+Hept+HypT- (4.5  without inversion symmetry. Both terms depend on the spin-

orbit splitting A. i denotes the initial spin-up state ang

HereH, is the unperturbed single-electron Hamiltonian. Thethe final spin-down stat@otation for electrons in GaAsE,

interaction with the electromagnetic field is given by is the energy ga(E; andE; are the energies of the initial and
. final states relative to the conduction band edgeand m,
Hepr=A"] (4.6)  the free electron values of the Lantetor and the masg.is

the dielectric constanf), the MMW vector potential ampli-
tude. The transition rate is thus approximatetyg? (the
H _ .BJ2 4 static applied magnetic fieldor '_[he MDT. g_bf (=¢,) and _
MDT=GorB @7 ¢i (= ¢,) are the envelope funtions in a triangular potential
for the magnetic dipole interactiod is the vector potential (due to the fieldF) given by the Airy function At
of the exciting electromagnetic wave aBe=V XA its mag-

for the electric dipole interaction and

1/3

netic field. ug denotes the Bohr magneton agglis the free || 2eFm*(E; 5)
electron Landdactor (=2). oi 1(2)*Ai T
The ESR transition amplitudes are defined by the matrix

elements oHgpt andHy,pt. Both EDT and MDT require a + o* B2+ Fw2—E.
CRI polarization (opposite to that of the cyclotron reso- % —9 “e Ye L ] (4.10
nance for the spin-up to spin-down transition. This yields ek

for the EDT . . , :
The energie§; ¢ are determined by the first zeros of Ai. The

(FL]j-AcrlliT)eA two envelope functionsp; and ¢; differ only slightly be-
cause of the small change of* betweenE; andE;. The

1 integral in Eq.(4.9) is therefore very close to unity.

_sz $19 1
"3l ) 2T 2% TEFE, TEFA+E,

190 *
+J(T5¢f) ¢idz

J6PiC,e,
+ gﬁze V[J ¢?¢Idz

11
" E+E; Ef+A+E,

V. DISCUSSION

In the first part of the discussion we show that the ESR is
a magnetic dipole transition and that single-electron transi-
1 tion energies are observed. Nevertheless, we can conclude
Ei+Eg N Ei+A+E, from the temperature dependence of the ESR strength that
the ground state of the 2DES at our lowest temperatures is a
many-particle state with reduced spin polarization.
The experiments in standing waves clearly demonstrate
that the ESR is a magnetic dipole transitidiDT). This is
and for the MDT confirmed by the theoretical results using E¢4.8) and
(4.9). Figure 7 shows the calculated matrix elements of the
% Ve wesr * 4 d MDT and of the EDT as a function of the magnetic field. The
4mg, ¢ ¢t $idz. values used for the calculation ar&,=1.519 eV, P
(49 =10.49eVA,A=0.171 eV,e=13.11° F is assumed to be

1
Ef+Ey Ef+A+Eg)

, 4.9

(fL1go 0 BerliT)/eAy=
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1.4x 10* V/cm corresponding to a total 2D charge density ofthe spin polarization in a comparable temperature range was
10 em~2. The zero-field values used for the effective predicted in finite-size studies for=2/31° and for a range of
Landefactor and mass arg* = —0.44, m* =0.067m,. As filling factors belowy=1* For g-factors=~0.4 the following

an example, at the resonance position of Fig7§ T) the  behavior was predicted: At high temperature$=7 wgsg,

ratio of the oscillator strengths MDT/EDT is 28lC°. As a  the spin polarization is destroyed by thermal excitation of
consequence the absorption process of the ESR is ovegingle electrons across the spin gap. It increases towards in-
whelmingly a MDT since we can exclude a strong straintermediate temperatures as the low-lying excited many-body
enhancement of the ED[Bee the second term of E@.8)]  States are spin polarized and vanishes again at lower tem-
to dominate. Such a strain can be caused by the lattice migeratures whekT/(e’/4meegl)<0.01 (T<1.6 K at 10
match between the ABa _,As and the GaAs. This mis- Where the spin unpolarized ground state dominates. Along
match, however, is very smalbf the order of 0.04%and these lines we interpret our results at 1.6 K and below as a
predominanﬂy taken up by the thin pseudomorphictranSition from the intermediatéwith Spin polarizatiom to
Al,Ga _,As layer due to the large thickness raf@5 mm  the low-temperature rang@o spin polarization

GaAs, 78 nm AlGa,_,As). Therefore, the strain in the The second part of the discussion concerns the detection
GaAs is very small £4x1078). Furthermore, the growth Of the ESR in transmission and photoconductivity and the
direction of the sample if001]. For this direction there are ESR line shape.

no off-diagonal strain components,(= e,,= €,,=0). EDT In previous and present experime_nts it has not bee_n pos-
terms containing the deformation potenty can therefore Sible to detect the ESR of electrons in 8k, _,As/GaAs in
be neglected. a transmission or cavity experiment. The crucial point within

The observed dependence of the magnetic field positiond)is context is the strength _of the transitio'n-matrix 'ele.ment'.
of the ESR on the MMW frequency yields thgfactor de- On the basis of our theoretlc_al and experimental findings it
pendence shown in Fig. 3. These magnetic-field dependenc&8n be calculated and an estimate of the change of the trans-
are in excellent agreement with the theoretical results accordnission at the ESR be given. For this purpose, we compare
ing to Eq(44) and Ref. 4. ThUS, the Sing'e_e|ectron theorythe matrix elementS.Of the ESR with that of the Cy(.:lotl’on
describes the experimental data exactly, i.e., Kohn's theorefgsonance (CR). Using Eq. (4.9 for the ESR (with
is not violated. Notably, this agreement holds in the range of ¢f ¢idz=1) and
fractional filling factors and at temperatures where many-
body effects start to play a roleveak v=2/3 FQHE mini- an,
mum between 1.3 and 1.6 K, strong at 0.3. lEven so, Mo (5.3)
evidence for a many-particle ground state is found in the
temperature dependence of teérength of the ESR as  for the CR matrix element the ESR/CR ratio is given by
shown below. -

For the discussion of the temperature dependence of the
ESR signal the behavior of the nonresonant background is of
importance. As can be seen from Fig. 4 the background sig-

nal strongly increases with decreasing temperature demOI\wl\-/here n,= e is the refractive indexl, is the magnetic

strating an increasing sensitivity of the 2DES. Therefore, th ; I
reduction and disappearence of the ESR in the photocondu(?gezq%t_hé ;cg:eée?rtrons I AGa-xAs/GaAs the ratio is 4

tivity is not due to a general reduction of the sensitivity of .
: . In an actual measurement interference effects of the
Ry to the MMW absorption. Also the ESR matrix elements .
sample surfaces have to be taken into account. For the CR

should not be temperature dependent since the single;: X 20 11 ,
electron wave functions are temperature independent. Th(?é1IS was done classically by Kennedyal""Using the defi-

» T, - ; .

leaves a change of the spin admixtures to the 2DES groungions{2=nse z/meoc—golezocz (oo is the dc cond_uct|\r/]|ty

state as the basis for the interpretation of the temperatu ! B_O)’. X:=1+(0c* w) 7, 0—nrdw/cz (d is the

dependence: The gradual disappearence of the ESR sigr‘%ﬂmple th'Ck”93§le(4+Q)Q’ 92.=(2+nr+Q.)Q., the

between 1.6 and 0.3 K reflects equal strengths of the stimJ2ower transmissions for the two circular polarizations are

lated absorption and emission transiticmghich add up to  91Ven by

the net absorption The former one corresponds to a spin-up

to spin-down transition, the latter one to the opposite transi- T+ =2X. /{coS8(4X. + Q1) +n; *sir?6[ (1+n,)?X.,

tion. The disappearence of the total absorption therefore in- _ .

dicates equal contributions of the two spins to the ground +Q2]=n, 'cossino(nf ~1)20(0 = w) 7}.

state, i.e. a vanishing of the spin polarization. Similar obser- (5.3

vations were made by Manfret al!® where the strength of

interband transitions into the two spin states were measuregdor a linearly polarized wave the transmission is then given

for varying filling factor. The relative strengths of the two by T=3(T,+T_). Forng=1.4x10' cm 2, 7=30 ps, and

transitions were interpreted in terms of the spin polarizationn,=3.6 for GaAs, 88 T the transmission at the CR mini-

At T=1.5 K and filling factors around 0.8 the spin polariza- mum is calculated to be near 50% of tBe=0 value(corre-

tion was only about one third of that one for the independentsponding to almost 100% absorption in the CRA polariza-

electron case. tion), a typical experimental situation. In comparison, for the
A vanishing of the spin polarization can be caused byESR,() has to be modified by the ESR/CR ratio of the os-

electron-electron interaction. A temperature dependence dfillator strengths:

Jol cwesr

T (5.2)
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both casegresonant and nonresonattie MMW absorption
(5.9 is expected to have a similar effect on the resistance, includ-
ing the sign ofAR,,. This expectation is met by the experi-

Tis set to 1 ns to reproduce the observed linewidths in oumental observations. The interpretation is further supported
photoconductivity experimentsy, is replaced bywgsgin by the observation thaAR,, has the same sign asRy,

X.. . In this case the relative change in transmission is of thgoroduced by an increase of the lattice temperature.

order of 10°°. This low value is most likely the reason why A dependence of the shape and position of the ESR on the
it has not yet been possible to observe the ESR in a tranglirection of the magnetic field sweep was found in previous
mission experiment. Indications of an ESR absorption havavork.*®'’ This was attributed to the Overhauser effect where
been observed in a higl-(~1000) cavity experiment, @ coupling of the electronic and nuclear spins occurs. Via
however, these results were not reproduciblReproducible  this coupling nuclear spins become polarized. The relaxation
observations of the ESR have been achieved only in bulkf the nuclear spins was found to be extremely sloglax-
n-GaAs? An important difference between the bulk and the ation times up to 18s) within theR,, minima near integer
2D samples is the number of available spins. In our 2Dfilling factors:”*? Consequently a stationary nonequilibrium
sample (37 mn?) there are about 810'° spins in the nuclear spin polarization can be built up. The associated
2DES. A bulk sample (%7 0.5 mn?) with a carrier den- magnetic moments then cause an internal magnetic field
sity of 10'° cm 3 has 182 available sping? A correspond- shifting the applied magnetic field necessary for the ESR to
ing multilayer 2DES sample would require 300 layers andower values. Therefore, for a decreasing applied magnetic

ol cwesr)
QESR:QCR(4—C .

would show an ESR transmission dip of aboutX 2. field the electrons remain in the ESR condition as the nuclear
The detectability would strongly depend on the homogeneityPin polarization builds up. Comparing the ESR signal trace
of the layers. with that of a rising magnetic field, it is broadened and

It is interesting to note that the value of(1 ng used to shifted downwards. As shown in Flg 5 no such shifts and
reproduce the line width of our photoconductivity experi- changes in shape are observed in our experiments. At the
ment agrees with the spin-flip time deduced from the scattetemperatures and filling factors where we observe the ESR,
ing rate of hot electron® In that experiment quantum point the nuclear relaxation times are sh0-60 $ compared to
contacts were used to inject hot electrons into the upper spitt=1." Therefore, the stationary nonequilibrium nuclear spin
level and to detect the scattering into the lower one. Thigolarization is small. Furthermore, the MMW power used in
relaxation mechanism is equivalent to the mechanism detePUr experiment is one to two orders of magnitude lower than
mining the lifetime in the upper spin level of the ESR ex- in Refs. 3 and 17. Both the short relaxation time and the low
periment and therefore the width of the resonance transitiodIMW power contribute to the lack of the Overhauser effect
From the agreement of the two values we conclude that theri@ our data. This also adds a further point to the discussion of
is no additional mechanism broadening the resonance in tH&€ ESR linewidth. Above, we have found an indication that

photoconductivity experimerﬂsee also the discusssion on there is no additional broadening beside the lifetime broad-
the Overhauser effect and the line width below ening. A broadening could be due to the Overhauser effect,
Any discussion of the strength of the ESR in photocon-which we rule out for our experimental conditions. Another
ductivity must also include mechanisms producing thesource of broadening could be inhomogeneous strain. How-
change in the resistand®,,. As stated above the observed ever, as shown above for @01) layer the strain-induced
ESR energies correspond to single-electron transitions. Fnatrix element vanishes.
an estimation of an upper limit &R, we consider single-
electron transitions with the initial and final states of the ESR
being the @ and Q] states, respectively. With a different
mobility in the final state a\R,, signal can be observed if In this paper we have studied the ESR of the 2DES in
the nonequilibrium population of the state is large enoughAl,Ga _,As/GaAs by a millimeter wave photoconductivity
To calculate this nonequilibrium population we assume aechnique. The results concern the transition selection rules
lifetime of 1 ns(as for the transmission calculatipra pho-  and matrix elements, the photoconductivity mechanism, the
ton flux of 1.8x 10?°s™* (corresponding to the 5 mW used in magnetic-field dependence of the effectiyéactor, the ESR
the experimentand the absorption efficiency of 10 (see  linewidth, and the spin polarization in the lowest Landau
above. We arrive at about  10° spins redistributed, a rela- level.
tive change of about 10 ° (AR,,~10"%—10 2 in the The mechanism which causes the change of the resistance
experiment Therefore, even a strong difference in the elec-is shown to be an increase of the average energy of the 2DES
tron mobilities of the initial and final states would cause onlyafter the single-electron ESR transition and subsequent relax-
a very small change idR,,. The most pronounced effect ation. The experiments which separate the electric and mag-
would be due to transitions from localized to delocalizednetic components of the millimeter waves by exploiting a
states or vice versa. As a second mechanism, we considersganding wave pattern, show, supported by theoretical calcu-
change of the electron distribution and an increase of théations, that in the 2DES of AGa _,As/GaAs heterostruc-
average energgelectron heatingwithin the density of states tures the ESR is dominated by magnetic dipole transitions.
of the lowest spin Landau level. It is assumed to produce oufhe ESR linewidth is determined by the lifetime in the upper
nonresonant background signal via MMW absorption withinspin state, which is of the order of 1ns.
this level. This mechanism can also cause the ESR signal Our ESR experiments have been performed in the tem-
where after the resonant absorption relaxing electrons trangerature and Landau level filling ranges where FQHE fea-
fer energy and produce the increase of the average energy. fares occur irR,,(B). Although many-body effects are gen-

VI. SUMMARY
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erally assumed to be responsible for the occurence of thim accordance with predictions of finite size studi&s! viz.
FQHE no indication of their influence on the ESR transitionthe transition from a spin-polarized state to a state with
energy has been detected. The magnetic-field dependencestfongly reduced spin polarization.

the transition energy and of the effectigefactor can be
exactly reproduced using la-p perturbation calculation for
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