PHYSICAL REVIEW B VOLUME 55, NUMBER 11 15 MARCH 1997-|

Optical properties of a two-dimensional electron gas at even-denominator filling fractions
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The optical properties of an electron gas in a magnetic field at filling fractien®/2m (m=1,2,3...) are
investigated using the composite fermion picture. The response of the system to the presence of valence-band
holes is calculated. The shapes of the emission spectra are found to differ qualitatively from the well-known
electron-hole results at zero magnetic field. In particular, the asymmetry of the emission line shape is found to
be sensitive to the hole-composite fermion plane separdi89163-18207)06411-4

I. INTRODUCTION trons and holes interacting at zero magnetic field. As we will
show, this has an interesting effect on the shape of the opti-

Recent theoretical studies of the properties of a two<al spectra, which depends on the competition between the
dimensional electron gas at filling facter=1/2m (Refs. 1  effects due to the dipole matrix elements and those due to the
and 2 have shown that the system of electrons at finite magCF-hole interaction.
netic field can be mapped onto different quasiparticles, com- In accordance with the experimental 33Al ,As hetero-
posite fermiongCF), which do not experience any magnetic Structure systems containing delocalized hdtésur model
field. An additional bonus of this mapping is that the result-considers CF and holes constrained to parallel planes sepa-
ing CF have weak interactions, even though the originarated by a distance. The CF-hole interaction depends on
electrons were strongly interacting. These remarkable result§is separation and as a result the optical properties are al-
are obtained by applying a singular gauge transformation téered by a change af. The treatment of many-body optical
the electron system; this transformation has the effect of ateffects presented here does not address some of the more
taching 2n quanta of magnetic flux to each electron. At the subtle issues concerning hole self-energies that have been
mean-field level, the ground state of the system is now onéliscussed recently in connection with Fermi-edge enhance-
of a Fermi liquid of CF. Studies have centered on the transment effects in the two-dimensional electron gas. However,
port properties of the CF gd® our knowledge, no work has the simplifications employed here do allow a number of ana-
yet been published regarding its optical propejti&his is in  Iytic results to be obtained, thereby reducing the buildup of
spite of recent experiments which optically probe the two-numerical errors. The general qualitative features obtained
dimensional electron gas in the fractional quantum Hall rehere should also arise in a fuller treatment. It is known that
gime aroundv=1 (e.g., Refs. 3 and)4 the hole self-energy diagrams contribute greatly to the sup-

The purpose of this paper is to investigate the optical
signature of a CF gas at even denominator filling fractions
v=1/2m. The CF in this paper are treated at the mean-field
level only. As a consequence, the CF are noninteracting
particles!? this simplifies the treatment of the CF-hole inter-
action since there will be no dielectric screening by the CF
gas. In the seminal paper of Halperin, Lee, and Reti
response of the CF gas to impurity potentials is considered.
The localized potential causes density fluctuations in the CF
gas and consequently a fluctuation in the magnetic field. In
the experimental heterostructures of Turberfield and
co-workers® however, the valence-band hole is delocalized,
i.e. the corresponding hole potential is not localized. Conse-
quently we do not expect the effect of the induced vector
potential to be so important. The valence hole can therefore

energy

Fermi sea of CFs

be reasonably described as a wéd&localized probe with 0 I%wc he0

the interaction strength taken as a parameter dependent on

the plane separatiath Within the mean-field approximation, e hole Landau levels
therefore, the problem reduces to that of a gas of CF, which n=1

experience no magnetic field, interacting with valence holes

that “feel” the full v=1/2m magnetic fieldsee Fig. 1 This FIG. 1. Effective composite fermiofCF) and hole band-

feature makes the problem different from the case of elecstructure diagram.
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pression of the Mahan exciton into a Fermi-edge singularity (P—eA)?

as a result of the orthogonality catastropheThis effect is H=——— (2
crudely taken into account here via the broadening of the h

hole spectral function from & function to a Lorentzian. The Choosing the Landau gauge with=Bxj leads to states de-
form employed here permits aamalytic calculation of the  scribed by a Landau level indexand ay momenturk,
zeroth-order CF—dressed-hole Green function at finite tem-

perature; this function represents the building block for a 1 x—kI2
ladder-approximation treatment of CF-hole interactions. P(x,y)= ———¢eH,
The plan of the paper is as follows. In Sec. Il, we review /2“n| \/;I L lo
: 0

the relevant single-particle results. Section Il provides the
formal expressions used in the calculation of the optical 1(x—kl2\?
properties, in particular, the dielectric functig8ec. Il A), X ex ( ) ]
the dipole matrix element§Sec. Il B), and the CF-hole {

Green functionSecs. Ill C and Il D. Specific optical spec- ) ) .
tra are discussed in Sec. IV at half filling, with Sec. V pro- V‘éh'Ch h?ve energE=hwc(n+ 1/2) with w.=eB/m; and
viding the conclusions. Io=A/m w., the functionsH,(x) being the Hermite poly-
nomials. An extremely important many-body effect govern-
ing the optical properties is that the hole stafesk) can
scatter from the low-energy CF excitations at the Fermi
A. Composite fermions level. This results in a self-energy that can be written as a

The construction of the CERefs. 1, 2, and 10from the Lorentzian spectral function. One can crudely, but effec-
conduction-band electrons at=1/2m is achieved by mak- tively, model this effect by approximating the spectral func-

ing a gauge transformation that attachem fhagnetic flux tion as
guanta to each electron. At the mean-field level this cancels

(©)

lo

Il. SINGLE-PARTICLE PROPERTIES

out the externally applied magnetic field and screens com- An(k,w)= 2y (4
. . . . h{R, 1 2 '

pletely the interaction between the particles. In the picture of ot 42

CF presented by Jaif:'* the many-electron wave function @T @] TY

of interacting electrons in a magnetic field is constructed _ ) o
from the wave function of noninteracting particles in a Where typicallyy~10"?w.. The hole creation and annihila-
smaller magnetic field by attaching vortices to each particletion operators satisfy the anticommutation relations
thereby introducing zeros into the wave function. The vorti-{tnk,dm,} = &nmdy, 1,- In this work the Landau level in-
ces have the property of keeping the particles apart fromilex is always zero and hence can be dropped.

each other, thereby modeling the effect of the repulsive in-

teraction and also of decreasing the filling factor. The net IIl. OPTICAL RESPONSE
result is that the original interacting electron system at even . . _
denominator filling fractions is mapped on to the noninter- A. Dielectric function
acting CF system at zero effective magnetic fiell Fig. 1. The optical response of a system to an external light field
~ At even denominator filling fractions the CF wave func- js characterized classically by the dielectric function, which
tions, normalized to an ardz, are taken to be gives the refractive index and an absorption coefficért
1 Classically
d(r)=—ekr, 1
(0=¢ @ e(w)=1+ x(), ©)

with energy E=%w(K)=A2K?/2mg+ Egapr ' @nd K are  wherey(w) is the susceptibility in the long-wavelength pho-
the two-dimensional position and momentum vectors, reton limit and quantum mechanically

spectively. CF creation and annilihationT operatoﬂs and )

Cck satisfy anticommutation relationy ,c,,} = k- 10- __ & . D ) i
noring the fluctuations of the gauge field and assuming the x(w) €V RIOFTOR(FTO=(r (DN (0N oris:
CF form a Fermi liquid with a renormalized effectioptical (6)
mass m¢x one may write the CF spectral function as
AcHK,0)=278(w(K)—w). The CF chemical potential n > 1
must be determined by the fact that the system is at fillind" ()= Vi{ex(w) +[ex(w) >+ ex(w)2]¥2 and the absorp-
factor v=1/2m. Since for spinless particles in two dimen- tion coefficientA(w)=we;(w)/cn(w). It is common prac-
sions the number density is related to the Fermi wave fice to takeA(w)>e;(w) close to the band gap; however,
vector by 4rn=k? and related to the filling factor by this is an approximation since there can be an appreciable

v:27rlﬁn, then atr=1/2m one sees thdtlello\/ﬁ dependence af(w) on w in this reg!on. In order to calcu—'
late A(w) one must have exact details of the system studied

such as the size and the dipole matrix elements linking the

valence and conduction band Bloch states. Typically the ac-
The valence band holéBig. 1) are taken to have a single- tual function plotted is just proportional te,(w). In the

particle Hamiltonian region of the spectrum whewg(w) is negative, one has net

Writing e(w)=€;(w) +iey(w), then the refractive index

B. Hole states
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in a perturbation expansior. Due to the presence of the
y-momentum-conserving terms in the dipole correlation
function, the hole wave vectér= — K, , whereK, is the CF

y wave vector. Thus the Green functions are dependent on
only four labels, i.e., the four components Kf andK'.

FIG. 2. Diagrammatic expansion @(K;K";iw) in the ladder Hence the notation for the Green function to be calculated
approximation. The diagrams are closed by the dipole matrix elecan be simplified by defining

ments, which conservg momentum; since this is just the photon
momentum, the only diagrams required are those where the total ,
y momentum is zero. G(K;K";6)=G(—K, ,K;K'",—=K{;§),

optical gain sinceA(w)<0; we label this as the emission
spectrum. Similarly we label the region wheté w)>0 to
be the absorption spectrum. Defining

G(K;§)=G(K;K;§). (10

B. Dipole matrix elements

The dipole operator correlation function in E®) is ex- I1(§)= 2/ S(K)S(K)G(K,K";¢), (13)
panded in the CF-hole basis and reduces to KK
one can write

R(“’M):KYKZK,YK, oK KIre, (KK A(w)x—ImB(w), B(w)=T(w+i8)+I(~w-id).

. (12
X[G(k,K;K" K" ;w+i6)
+G(kK:K' k' —w—id)], (7) 2. Perturbation expansion of G(K;Ki w)

The perturbation to be introduced is the interaction be-

where the two Green functions can be calculated using thgycen CF and holes. CF and holes have equal and opposite
usual Matsubara formalism assuming quasiequilibrium congharges: a natural assumption for the interaction form might

ditions for the number density of particles. The CF states argq 5 unscreened Coulomb potential that conseyvesmo-
labeled by the two-dimensional wave vector whereas the  mantym. The nature of the wave functions implies that the

hole states are labeled by a wave vedton they direction. o of the subsequent potential matrix elements is peculiar
The interband matrix element in the envelope approximatioR, ine system

for a transition from the hole stafed,k) to the conduction-

band statgK) is given by ,
g2 e IK—K'ld

1
TK'Y= — ——— —— —_ 1Yk —_Kk'l2
V(K kK K== = e exp[ ZI8K—K'|
2|0\/7T
K)y I !
L — 13K K (k)

reo(K,K)y=rg, 6
Cv( ) C k,Ky , (13)

s(K)EeinKylé—ﬂ/Z)(Kx'o)z, (8)  Where e,~13 is the bulk Ga_,Al,As dielectric constant
andd is the CF-hole separation in the direction perpendicular
wherer ., is the matrix element af between the valence and to the CF plane. Unfortunately, the complexity of these ma-
conduction band Bloch states, assumed to be independent Bix elements makes subsequent analysis extremely difficult,
K. The different feature of the present matrix elements, agven numerically. Our approach will therefore center on the
compared with those obtained for the well-known situationuse of a constani.e., momentum-independgrnnatrix ele-
of plane-wave valence and conduction states, is that there mentV, which allows one to sum the diagrammatic expan-
only conservation of momentum in thg direction; the sion of the Green function in the ladder diagram approxima-
damping of the matrix element K, is exponential and leads tion easily and yet still retains the essential qualitative
to a damping in the optical emission spectrum. features of the true interactiorf. This produces a simple
analytical expression for the Green function in terms of in-
tegrations ovelK of the zeroth-order CF-hole Green func-
tion. Poles of the Green function indicating possible bound

C. CF-hole Green function

1. Notation states, which leads to the observation of excitonic effects
The procedure to determine the optical response is now t8Uch as the Fermi-edge singularity, are then easy to find. In
calculate the Green function order to choose an appropriate value Yg; we set the mo-

mentum transfer in Eq(13) to be |[K—K'|~k;=11,ym,
5 i.e., typical for scattering across the Fermi surface; we also
G(KK:K’ K':i E_f dreln ((Tdu( e e dl, ignore the final osqllatory term in Ec{13)..Th<_a resulting
( @n) o ((Tddmex ()i dye)) matrix elementV, is then seen to scale witth like e 9,
(99  The interplane separation is therefore a parameter that can be
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used to scale the value of the potentig. Spectra can be
generated for different values of the scaling faceor*rd;
hence the effect on the spectrum of different ratidk,m
can be determined.

The diagrammatic expansion 6fK;K';iw) (see Fig. 2
in this approximation becomes

1_V02KIIGO(K”;iw) ’
(14

where the zeroth-order CF-hole propagatorGg(K;iw).
Hence, from Eq(11),

G(K;K"iw)=Gy(K;iw)dk '+

Ium»=;|aKWGdew

n VozKS*(K)Go(K,HU)EKIS(K,)Go(KI,HL))
1_V02K17G0(K”;iw)

(15

* dwl *° dw2

AcH K, w1)An(—Ky,@3)
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is the basis of the calculation of the optical response. Ana-
Iytically continuingiw— w+ié and —w—i 6 generates the
correct functionslI(w+i6) and II(—w—i6) from which
B(w) results. However, it is only necessary to calculate
[M(w+id), which is the *“resonant” term, not
II(— w—i6), for the study of the optical respon§&ince the
matrix elements are an important quantity in determining the
shape of the spectra, it will also be interesting to examine the
spectra when the matrix elements are constant &yer.e.
S(K)=1. This results in

VozKG()(KJ(I))EK/Go(K,,'(J))
1_V02KHGO(K”;iw)

H’(iw):; Go(K:iw)+
(16)

D. Zeroth-order CF-hole propagator

The zeroth-order CF-hole progagat@p(K,iw) can be
written in the spectral representattohas

e e |

GO(K;iwn):f_wE

w0 27T

iw,—how,—hos (7

The functionf(w)=(ef"*+ 1)1 is a Fermi-Dirac distribution factor for the number of particles at a given engrgyand

up are the chemical potentials for the CF and holes, respectively. Making a change of variables3t

Q=w—w4— 3 we and with u,=7%(3 w.— w,), We obtain

2m

Go(X, Q+i8)[(Q— w!x)2+ 72]=[1—f( w;(x— i) ) —f(wy+i7)

+f(wp+iy)—f(Q—wiX+w,)

e

where the digamma functiof(z) is defined as

W=-C-2,

(Q—w;x+iy)¢(%—

213 and

2m

1 1
(Q—ng)—l'y[z—f(wc(x— —))

+%Re{¢(%—£(ﬂ w X+wA))

Bh , . 1 ph )
Z(Y"“’A))—(Q_ch_W)‘ﬂ(E"‘ﬁ(Y‘HwA)) '

(18

1

z+n 1+n (19

with C being Euler’s constant. In terms &f,(x,Q +i68) andW= —V,/2xfiw |2, which is the ratio of the Coulomb energy

to the kinetic cyclotron energy, we obtain

I[IQ+id)= —z f dxe Xl o(X)hw Go(X,Q+i6)—

W(J¢dxe™ M2X3(1/3/2X)hwGo(X,Q +i 5))?

v . (20
1+Wf dxfw Go(X,Q+i6)
0
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where ¢ is a cutoff determined by the size of the Brillouin 60.0
zone associated with the bulk semiconductor environment. ¢—@ real part

The Bessel functionk,(x) andJy(x) are defined as 400 | a---a me'::rf part

“--<d/1,=52
*---¥d/l,=50
200 fyemmpd/), =48

1 2n

* X2n * —1)n
nzo(n!)Z(i) - W0=5,

n=0 (n!)2

X
2

lo(X)

(21)

We note that we have reduced the problem of calculating
II(Q+i6) to a relatively straightforward one-dimensional

integral overx. For the case of constant matrix element

S(K)=1 the corresponding result is
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27wl é .
1+Wfo dXfwGo(X, 2 +19) FIG. 3. Real and imaginary parts of the integrated CF-hole
(22) Green functior(solid lineg together with plots of the inverse of the
CF-hole interaction strengths 1/\W for different CF-hole plane
separationdd (dashed lines The magnetic lengthy is typically
89 A atB=8 T with »=3 andn.=10"> m~2 The Fermi energy
In this section the imaginary part of the dielectric function Er=0-7 meV.
is calculated av= 3 for parameters taken in accordance with
the Ga _,Al ,As heterostructure system studied in Ref. 3.solid curve, with the Mahan exciton frequencies being the
The areal density of electrof€F) is 10m~2, the hole ef-  points of intersection. As can be seen from the figure, the
fective mass is taken as 05, and an electron and hole potentials used here aret strong enough to create bound
temperature of 0.1K is used. One further parameter idMahan excitons; however, it is clear from the plots of the
needed, which is the CF effective mass. On the basis of thignaginary part of the dielectric function that the interaction
expectation that at= % the emission spectrum should occur gnhances the spectra at the Fermi su_rface due to _the_increas-
over the Fermi surface, we can equate the width of the peaWg overlap of CF and holes, even if the potential is not

observed in experiments in Ref. 3 to the Fermi energyc‘tror.'g enough to bind the_m up.

E—12.% the particular data used implmte— 0.70m Figure 4 shows the emission part of the spectrum for CF
=2 We p . . PNce=0. e and holes separated by various interplane distadced/e

with w¢=0.64w. The chemical potential of the holes is set pote that the dipole matrix elements will, in principle, also be

so that the hole number density is small compared to thgependent on the overlap of the parts of the CF and hole

number of CF and yet there is still a measurable emissiofave functions that lie in the direction, i.e., perpendicular

spectrum; we use,=0.02w., which givesn,/nc=0.15.

The spectra are plotted against a photon en&i@yin units

3
[

.0

IV. RESULTS AT HALF FILLING

of the Fermi energy. 490 - -
Enhancements of the optical properties of the CF occur as oo noepastion
a result of the attractive interaction between the CF and the —a/l =52

—ad/1,=590
—vd/l,=438

w
>

holes, which try to form CF excitons. It is clear from Eq.
(21) that there is an excitonic enhancement of the optical
response when

¢
1+Wf dxf wREG(X, Q+i8)=0. (23
0

intensity (arbitrary units)
= g

The frequencies for which this is true are the Mahan exciton

states, these being the equivalent of the two-particle exciton

states when there is a large number density of CF. These

excitonic states only form when the potential is sufficiently 0.0
. . -0.2 0.0 0.2 04 0.6 0.8

strong to bind up CF and holes. Since the strength of the photon energy (units of Fermi energy)

potential is determined by the separation of the CF and hole

planesd, then the separation is crucial in deciding the FIG. 4. Emission spectrurfi.e., A(w)<0] obtained from the

strength of enhancement and hence the line shape of theaginary part of the dielectric function, plotted with different

optical spectra. Figure 3 shows the real and imaginary partslane separationsg and with the fullk dependent matrix elements.

of fg’dxhwcGO(x,QJrié); it also shows plots of-1/W Input parameters correspond to the ;GgAl ,As heterostructure.

(dashed lingsthat arise from different as indicated, and The magnetic length, is typically 89 A atB=8 T with »=3 and

condition (23) is satisfied when these dashed lines cross the,= 10" m~2. The Fermi energf¢=0.7 meV.
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10.0 30.0
@——=@ no interaction
—ad/l =54
—ed/] =52
A——hd/], =50
—vd/l,=48

®——=@ no interaction
—ad/l,=54
——od/) =52
—Ad/1 =50
—¥a/1,=48

8.0

20.0
6.0

4.0

10.0

intensity (arbitrary units)
intensity (arbitrary units)

= . .

2.0

0.0 X
-0.2 0.0 0.2 0.4 0.6 0.8 04 1.0 1.2 14 1.6 1.8 2.0
photon energy (units of Fermi energy) photon energy (units of Fermi energy)
FIG. 5. Emission spectrurfi.e., A(w)<0] obtained from the FIG. 6. Absorption spectrurfi.e., A(w)>0] obtained from the

imaginary part of the dielectric function, plotted with different imaginary part of the dielectric function, plotted with different

plane separationd as in Fig. 4, butwithout K dependent matrix plane separatiors and with full K dependent matrix elements. The
elements. Input parameters are the same as in Fig. 4. input parameters correspond to Fig. 4.

to the planes; however, these will mostly affect theensi-  gies in Fig. 6 associated with the fac®r*l,(x) in Eq. (21)
ties of the spectra butot the line shapesdNe are only inter-  resulting directly from the matrix element fact®(K).
ested in the variation of the line shape with the separatiofWhen the interaction is turned on, one observes the enhance-
d. The curve showing emission when there is no interactiomment at the Fermi edge resulting from the tendency to form
exhibits an intrinsic asymmetry in the line shape witket ~ Mahan excitons, with the spectra in Fig. 6 being smaller in
bias this results purely from the dipole matrix elements andamplitude than in Fig. 7, again as a result of thedepen-
henceS(K). As a comparison, Fig. 5 shows the emissiondence of the matrix element.

when this factor is taken to be constant, i.e., from &§). In this paper the effect of CF-CF interactions is not con-
Figures 4 and 5 illustrate the difference that the CF-holesidered. These interactions would tend to screen the true CF-
matrix element has on the line shape. One can also makeole interaction in a nontrivial fashion, as a result of the
comparisons between the intensities for lines with the samiduced vector potential that accompanies density fluctua-
d; it is noticeable that the emission intensity is reduced bytions caused by the presence of the hole. However, the in-
the inclusion of the correct factd®(K). Switching on the clusion of CF-CF interactions should not significantly alter
interaction changes the asymmetry frdeft to right asd is  the qualitative line shapes presented here for two reasons.
decreased; this results from enhancement appearing at tliérst, the CF-CF interaction cancels within the mean-field
Fermi surface, which is essentially of logarithmic-divergenceapproximation in the absence of a localized external poten-
characteP. The interaction potential has not been allowed totial. Introducing the hole will therefore, at most, introduce a
be strong enough to cause the Mahan exciton to bind, i.eresidual CF-CF interaction that is smaller than the electron-
Eq. (23) is never satisfied. This is because such a singularitglectron interaction in the more familiar electron-hole prob-
is always suppressed in practice by the orthogonality

catastrophe®® into a straightforward Fermi-edge enhance- 100.0 ‘

ment. The results shown in Fig. 4 can also be applied to ©— no interaction
other even-denominator fractioms= 1/2m after a simple res- —= g;:oi:';
caling of w? . Interestingly, the predicted asymmetry in the 80.0 —ad/1 =50

—vd/l,=48

emission line shapésee Fig. 4 seems consistent with recent
photoemission experimenttswhere either a left- or right-
biased line shape can be observed according to the specific:
heterostructure sample and fraction/Being studied, i.e.,
according to the magnitude af/1,. A detailed comparison
with this experimental data will be presented in a future
papert?

Figures 6 and 7 show the absorption part of the spectra.
As with Figs. 4 and 5, Fig. 6 is calculated including the
correct factorS(K), while Fig. 7 has this factor set to unity. 0.0 M= 2 ” ”; 18 2.0
The effect of theK dependence is not as clear here as itis in photon energy (units of Fermi energy)
emission, but it is still evident. Consider the spectra when the
interaction is turned off; in Fig. 7 the curve is constant above F|G. 7. Absorption spectrurfi.e., A(w)>0] obtained from the
about 1.E¢, which is consistent with the step function ass-imaginary part of the dielectric function, plotted with different
sociated with absorption at zero temperature and with n@lane separationd as in Fig. 6, butwithout K dependent matrix
hole broadening.However, there is a decay at higher ener-elements. The input parameters correspond to Fig. 4.

intensity (arbitrary units)
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lem. (In the electron-hole problem &=0 it is known that inclusion of a phenomological Lorentzian broadening for a
electron-electron interactions change the functional form ofmobile hole only addresses the fact that physically there
the line shape at the edges, but not the overall sh&me- should be a similar suppression of the Mahan exciton due to
ond, our model uses a constant effective CF-hole interactiorthe hole shakeup of the CF sea. Assuming the hole spectral
as a first approximation, this constant potential can bdunction to be Lorenztian then allows one to perform some
thought of as including CF-CF screening effects by repre-of the integrals analytically, thereby producing simple closed
senting an effective, screened CF-hole interaction. forms for the optical response in terms of one-dimensional
The subtleties of a modified form of the screened CF-holantegrals. A more complete calculation of the hole renormal-
interaction due to CF-CF interactions should not, thereforeization could be performed in the situation where the hole
affect the primary result of this paper, which is that there will state were bound to an impurity; this would allow one to
be some degree of Fermi-edge enhancement. Instead, thetermine the effect of the orthogonality catastrophe on the
CF-CF interactions are likely to affect the detailed line shapespectrum taking into account the dielectric properties of the
at the Fermi edge® The effect of CF-CF interactions on the CF gas. However, our focus in this paper was to consider the
effective mass of the CF would be such as to cause a divethe class of experiments in heterojunctions wigt least
gence at the Fermi surface. This will influence primarily thenominally delocalized holes.
edge behavior of the spectra. The broadening of the spectra
at the Fermi energy essentially depends on the ratio of the
CF effective mass to the hole effective ma$$.Since the
latter is infinite while the former is finite except at the Fermi  This paper has calculated the optical signature of a com-
energy, there is likely to be little effect as a result of theposite fermion—hole system at even-denominator filling frac-
infinite CF mass at the Fermi edge. The optical responséions »=1/2m. The shapes of the emission and absorption
probes all CF states, therefore the use of a simglécal spectra have been found to differ from the well-known
effective mass to describe all the CF is reasonable. This magdectron-hole results at zero magnetic field. The results sug-
mg is chosen to fit the experimental dataquating the gest that emission line shapes measured in photolumines-
Fermi energyi °k?/2m¢. to the width of the line in emission. cence experiments on GaAl ,As heterostructures at
We emphasize that we found its fitted value to be of a similaw=1/2m can be used to extract information concerning the
order of magnitude to CF masses obtained using transpogiectron-hole plane separation. Future work will focus upon
measurements. This paper also does not address the questipgluding effects of gauge fluctuatiorise., effective CF-CF
of how the hole Green function is renormalized by the inter-interaction$ into the formalism; of particular interest is the
actions with the CF. This is an interesting, but difficult ques-question of how such gauge fluctuations will affect the opti-
tion in itself; the fact that the hole is mobile, i.e., it is not cal spectra.
localized as an impurity state, precludes the use of the tech-
nique introduced by Nozies and de Dominici$.These au-
thors’ approach considered the only effect of the hole as
being the introduction of a static perturbation to the CF gas We acknowledge the financial support of EPSRC
for a finite-time interval, thereby decoupling the problem(D.J.T.), EPSRC Grant No. GR/K 15619N.F.J. and
into scattering of a single CF from an impurity potential, plusV.N.N.), and COLCIENCIAS(F.J.R). We would like to
the renormalization of thésingle-statghole Green function. thank Andrew Turberfield for very useful discussions. We
The consequence of renormalizing the localized hole is t@re also grateful to Robin Nicholas, Henry Cheng, Taco Por-
broaden its spectral function, thereby leading to a suppregengen, and Luis Quiroga. We thank Henry Cheng for show-
sion of the Mahan divergence in the optical response. Thég us his experimental data prior to publication.

V. CONCLUSION
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