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Luttinger liquids and composite fermions in nanostructures: what is
the nature of the edge states in the fractional quantum Hall regime?
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We study the Aharonov—Bohm conductance oscillations of a constriction with an anti-
dot in the fractional quantum Hall regime using a recently proposed composite-fermion
Fermi liquid theory, and also using Wen'’s chiral Luttinger liquid theory extended to in-
clude mesoscopic effects. The predictions of the composite-fermion Fermi liquid theory
are very similar to standard Fermi liquid theory and are consistent with recent experiments.
In our chiral Luttinger liquid theory, which is valid in an experimentally realizable ‘strong-
antidot-coupling’ regime for bulk filling factorg = 1/q (q odd), the finite size of the
antidot introduces a new temperature s¢le= hv/mkgL, wherev is the Fermi velocity
andL is the circumference of the antidot edge state. Chiral Luttinger liquid theory predicts
the low-temperaturéT « Tp) Aharonov—Bohm amplitude to vanish with temperature as
T29-2 in striking contrast to Fermi liquid theorjg = 1). NearT ~ T, there is a pro-
nounced maximum in the amplitude, also in contrast to a Fermi liquid. At high temperatures
(T > To), however, we predict a new crossover tbA-1e~47/To temperature dependence,
which is qualitatively similar to Fermi liquid behavior. We show how measurements in the
strong-antidot-coupling regime, where transmission through the device is weak, should be
able to distinguish between Fermi liquid and chiral Luttinger liquid behavior both at low
and high temperatures and in the linear and nonlinear response regimes. Finally, we predict
new mesoscopic edge-current oscillations, which are similar to persistent current oscilla-
tions in a mesoscopic ring, except that they are not reduced in amplitude by disorder. In
the fractional regime, these ‘chiral persistent currents’ have a universal hon-Fermi-liquid
temperature dependence, and may be another ideal system to observe a chiral Luttinger
liquid.
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1. Introduction

It is well-known that the integer quantum Hall effet} fnd many related phenomena that are observed in
nanoscale semiconductor devic@sdan be understood in terms of Fermi liquid (FL) theories of magnetic
edge-state transpor8][such as the Bttiker—Landauer formalisn¥]. However, as was shown by Laughlin
[5], the fractional quantum Hall effect (FQHE®][occurs because electron—electron interactions result in
the formation of incompressible states of two-dimensional electron systems at special filling fractions of
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Fig. 1. Aharonov—Bohm effect geometry in the (A) weak-antidot-coupling and (B) strong-antidot-coupling regimes. In both cases the
dashed lines represent weak tunneling processes.

a Landau level. Thus, Wer¥] and others [8-11] have proposed and developed a chiral Luttinger liquid
(CLL) theory of edge states in the FQHE regime, in which electron—electron interactions play a crucial
role and whose predictions can differ dramatically from those of FL theory. On the other hand, as was
pointed out by Jain12], the incompressible many-body states that give rise to the FQHE can be thought
of, in a mean field sense, as arising from the spectral gaps between the single-particle Landau levels of
guasiparticles known as ‘composite fermions.” Recently a composite-fermion edge state theory of transport
has been proposed 3] which also adopts this single-particle view of the FQHE. It predicts the proper-
ties of edge states in the FQHE regime to be close to—but not identical with—those of a conventional
FL.

Experiments on semiconductor nanostructures should be able to distinguish between CLL and FL theories
of fractional edge states. The first experiment of this kind was performed by Mikikah[14] on a device
with a disordered constriction. The results obtained were consistent with the predictions of CLL. More recent
experiments by Frankliet al. [15 on Aharonov—Bohm (AB) oscillations and by Maasilta and Goldman
[16] on resonant tunneling in closely related but cleaner devices—constrictions containing an antidot (see
Fig. 1)—have yielded evidence that is consistent with the FL picture of FQHE edge states. On the other
hand, Changt al. [17] working with an entirely different type of device have very recently reported behavior
consistent with CLL edge state theory. Thus the nature of FQHE edge states remains an open problem both
experimentally and theoretically.

In this paper we address the problem of AB conductance oscillations of constrictions with an antidot in the
FQHE regime theoretically, from both the composite-fermion FL and CLL points of view. We first outline the
treatment of these resonances in the integer regime based onttileeB-Landauer FL approach, and then
describe the salient results of the composite-fermion FL theory in the fractional regime. We then develop a
CLL theory of the AB oscillations for the case of weak transmission through the constriction containing the
antidot (our ‘strong-antidot-coupling’ regime), compare the results obtained with those of FL theory, and we
propose experiments that should be able to distinguish definitively between CLL and FL fractional edge states
in the strong-coupling regime. Our CLL theory also applies to the case of weak-antidot-coupling for values
of AB flux which are off resonancelg]. The CLL theory we present assumes that there is only one relevant
FQHE edge state present.

Finally, we study the response of an edge state to an additional AB flux. We find new mesoscopic edge-
current oscillations, which are similar to persistent current oscillations in a mesoscopic ring, except that
they are not reduced in amplitude by disorder. In the FQHE regime, these ‘chiral persistent currents’ have
a universal non-Fermi-liquid temperature dependence and may be another ideal system to observe a chiral
Luttinger liquid.



Superlattices and Microstructures, Vol. 21, No. 1, 1997 51

2. Blittiker—Landauer fermi liquid theory

The system of an antidot in a constriction in the integer regime has been studied extensively both exper-
imentally [19] and theoretically 20]. The theoretical work has been based arntl®&ér—Landauer edge state
theory, which is valid for noninteracting electrons. At finite temperatures the net cuirfleating from drain
to source through the constriction with the antidot is

=2 / de T(€) [nr(e — o) — Nee — o), @

whereT = Trtt!is the multichannel edge-state transmission probability of the constriction with the antidot,
which depends on the energyHereng(¢) = (/T 4 1)~ is the Fermi distribution function, witil being

the temperature, ands anduq are the electrochemical potentials of the source and drain that feed electrons
via edge states to the constriction. In linear response, this reduces to a two-terminal conductance for the device
given by

e INE -
Gir = —F/de % T (o). @)

The transmission probabilitj (¢) has been evaluated for a variety of edge state configurations inZgf. |
using unitary edge-state scattering matrices. For the case shown in Fig. 1, it takes the form

_ 2
o1 i 1-Ta) ’
TS —2TacosQ +1

whereT, is the probability that an electron in an edge state is transmitted directly through the constriction
on either side of the antidot without being scattered out of that edge state, and is assumed to be the same
for the edge states on either side of the antidot. In the notation of FigT4A; 1 — |I'+|%. Q is the phase
accumulated by an electron in a complete orbit of the antidot; up to an additive constant it is approximately
given by 2r®/®g + €L /v, where® is the AB flux, &y = hc/e is the flux quantumL is the antidot
circumference, and is the electron energy. In the limit of small transmission probabilgwe have

3)

T ~ 2Ta(1 — cosQ). 4

This limit corresponds to the strong-antidot-coupling case for which the CLL theory described in this article
has been developed. We will be comparing the predictions of the ahaitikéd8—-L andauer FL theory with
those of our CLL theory below.

3. Temperature dependence of the Aharonov—Bohm oscillations in the
composite-fermion picture

A detailed treatment of the composite-fermion FL theory of antidot AB resonances will be presented
elsewhere 21]. Here we will outline the main results of the theory of the temperature dependence of the
composite-fermion conductance resonances, since this has been the aspect of interest in the experimental
studies that have soughtto distinguish between the FL and CLL theories of fractional edge states. In this section
we use the term Fermi liquid to apply to interacting electron systems that may be treated as weakly interacting
or noninteracting quasiparticle systems. The composite fermion edge state energy level structure differs
qualitatively from that of ordinary Landau levels in the integer regime because of the presence of a density-
dependent contribution to the effective magnetic field experienced by the composite ferrflat 21—

23]. Furthermore, the effective electrochemical potentials of the composite fermions differ in general from
those of the corresponding electrons because the composite fermions experience a fictitious electric field not
experienced by electrond3, 21, 24]. Nevertheless, expressions for the conductance of composite fermion
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systems have been obtained in terms of multichannel transmission and reflection probabilities for composite
fermions R1]. If the effective magnetic field experienced by the composite fermions is parallel or antiparallel
to the true magnetic field in the bulk and parallel to the true magnetic field at the centers of the channels
between the antidot and the surrounding gates (as in the experiments of Fetratlif15] and of Maasilta
and Goldman16]), the net composite fermion current through the device takes the form

e

=5 [ de T [nete — u3) — nete — ] (5)

Since the composite fermion edge states are taken to be a Fermi liqui&) etpsély resembledy, however

the multichannel transmission probabilify and the electrochemical potential$ and .} that appear are

those of composite fermions, not electrons. The two-terminal conductance of the constriction with the antidot

is then given in linear response by

&  — [dedng/de T*

Gcr = e -
1—m[dedng/de T*

wherem is the number of quanta of fictitious magnetic flux carried by each composite fer@bpriThe

form of this expression differs from theuiker—Landauer linear response express®)nalthough both have

been derived for Fermi liquid systems; the difference between the two forms arises from the presence of the

fictitious electric field in the composite fermion theory. However, the shapes of the resonances given by the

two expressions turn out to be very simil2d] since« /(1 + ma) is a monotonically and smoothly increasing

function of o and is nearly linear over the small rangesaothat are of interest in practice. Furthermore,

althoughGc g does not obey the standard FL linear response relation

(6)

Gr=— / de Go(e)%, (7)

between the zero temperature conductaBgé) at energye and the finite temperature conductar@e

exactly, the discrepancy turns out to be very small in practice again because of the properties of the mapping
a — «o/(1+ma). Thus the temperature dependence of the AB resonances predicted by the composite-fermion
FL theory is very close to that predicted by standard FL phenomenology as reflected M.déqmpérticular,

if in addition T* is of the form of egn 4) then the functional temperature dependence of FL theory and
composite fermion FL theory is well described by e@8)(below. In fact the experimental data of Franklin

et al. were analyzed with eqr29) [26]. The experimentsl5, 16] that have recently reported FL behavior of

the AB resonances have not been sensitive enough to detect the difference between composite-fermion FL
and standard FL theory.

Although the above composite-fermion FL theory is consistent with the experiments, this does not in itself
rule out the possibility that the fractional edge states may be Luttinger liquids because no detailed CLL theory
of the AB effect has been available. A Luttinger liquid theory of antidot AB oscillations, that is applicable in
a regime different from the one in which the experiments of Frardtlal. [15] and of Maasilta and Goldman
[16] were carried out, is presented below.

4. Finite-size chiral Luttinger liquid with topological excitations

To study mesoscopic effects associated with edge states in the FQHE, we shall extend chiral Luttinger liquid
theory to include finite-size effects. Finite-size effects in nonchiral Luttinger liquids have been discussed by
Haldane 7] and by Loss 28]. To proceed in the chiral case we bosonize the electron field operatgrg
according to the convention

Ox+
27T 9
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where p..(X) is the normal-ordered charge density apydis a chiral scalar field for right4) or left (—)
movers. The dynamics @f.. is governed by Wen’s Euclidian actiof] [

1 [t p .
S, = pl dx/o dt e (£ i0:0+ + vOxPs), 9)

whereg = 1/q (q odd) is the bulk filling factor and is the Fermi velocity. Heré is the size (i.e. length) of
a given edge state. When= 1, eqn 0) describes noninteracting chiral electrons. The field theory described

by eqn ) may be canonically quantized by imposing the equal-time commutation relation (modulo periodic
extension)

[¢+(X), ¢+ (X)] = Himgsgnx — X'). (10)

We then decomposg. into a nonzero-mode papt. (X) satisfying periodic boundary conditions that describes
the neutral excitations, and a zero-mode pdrtthat describes charged excitatioss: = ¢, + ¢{. The
nonzero-mode part may be expanded in a basis of Bose annihilation and creation operators in the usual way,

¢=(¥) =Y 0(xk) lzlf_g(akeikx 1 ale ) erlker, )
k=0 [k|L

with coefficients determined by the requirement thattself satisfies10) in theL — oo limit. In a finite-size
system, however,

[$+(x), p(x))] = £imgsgnx — x) F 2rig(x — X)/L, (12)
S0 we must require the zero-mode part to satisfy
[62 (). ¢S (X)] = £27ig(x — x)/L (13)

for the total field to satisfy eqriQ). An expansion analogous to edit) for ¢ may be constructed from the
condition (L3) and, in addition, the requirement

¢ (X + L) — p2(x) = £27 Ny, (14)

which follows from egn 8), whereN. = fo" dx p< is the charge of an excited state relative to the ground
state. Conditions1@) and (L4) together determing?, up to an additive-number constant, as

2n
PL00 = £ Nax — g (15)
wherey.. is a phase operator conjugateNe, [x+, N+] = i. Equations {1) and (L5) may now be used to
write the (normal-ordered) Hamiltonian correspondingXoas
L
2 WU +
Hy=— = —N +Kk)vlk . 1
== Zra b dx () oL 24+ 0(EkvIklaax (16)

k0

In afinite-size system, the level spacing for neutral and charged excitations scale with system Aizarat 1
become gapless in the — oo limit.

What are the allowed eigenvalues i ? The answer may be determined by bosonization: To create an
electron, we need &2 kink in ¢. The electron field operators can therefore be bosonized as

1
Yi(X) = — e|[¢i(x)iﬂx/l-]/g, (17)

wherea is the same microscopic cut-off length that appears in &t Ihe additional c-number phase factor
is chosen for convenience. To see tHad) (s valid, note that p.. (), ¥, (X)] = §(x — x’)xpl (x), so wl(x)
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creates an electron at positien Equation {7) implies thaty. (x + L) = . (x)e2™N+/9_ Thus, periodic
boundary conditions otf. (x) lead to the important result that the allowed eigenvalugs.ofire given by

N+ = ng, (18)

which means that there exigtactionally chargedxcitations or quasiparticles, as expected in a FQHE system.
Finally, we note that coupling to an AB fluk is achieved by addin§)C = %jiAto the Lagrangian, where

j+ = £5-¢+ is the bosonized current density aAdis a vector potential. The flux couples only to the

zero-modes, and results in the replaceméft— (N.. £ gd/®g)? in (16), wheredo = hc/e.

5. Scaling theory

We begin our study of the AB effect by performing a perturbative renormalization group (RG) analysis
in the weak-antidot-coupling regime. In this ca8e= § + §S, where§ = § + Sg + Sa is the sum of
actions of the form9) for the left moving, right moving, and antidot edge states, respectivelyj 8n«
>om fr (V4 + V_ + c.c.) is the weak coupling between them. Here

(m

r . )
Vi(o) = ﬁ @M (Xe.7) g=imepa(xs.7) (19)

describes the tunneling ai quasiparticles from an incident edge state into the antidot edge state atpoint
with dimensionless amplitudﬁf) (see Fig. 1A) 29. We assume the leads, described$yand Sy, to be
macroscopic, and we also assume for simplicity thdl| = |F§rm)|. We shall need the correlation function
Ci(X, 1) = (M= 1e"ime=0)) \which, at zero temperature and for valuessiuch thak < L, is given by

Cax, 1) a - (20)
H=(———-—
£ +X +ivt +ia ’

whereA . = m?g/2 is the scaling dimension @M=,
Consider now the correlation function

2
(VT(‘L')V (0)) — m
+ * 47232

which arises in a perturbative calculation of the partition funcos [ DL DprDppe~S. For(VJf(r)VJr (0))
and therefore&Z to be invariant under a small decrease in cuteof @’ = sawe need” = s 22T, or

dr{™
d¢

wheref = In(a/a). '™ satisfies an identical flow equation. These flow equations, which show that quasi-
particle(m = 1) backscattering processes are relevant and ele@tnoa 1/9) backscattering is irrelevant
wheng = 1/3, were first derived by Kane and Fish&€] using momentum-shell RG.

Next consider the correlation functiaiv. (z)V, (z')V. (z”)V_(0)). A Wick expansion givetocal terms
as in @1), and, in additionponlocalantidot terms likge™m#A*e-iméaO)y with x £ 0. Equation 20) shows
that the nonlocal terms (for <« L, with L now the size of the antidot edge state) scale the same way as the
local terms. The Kane—Fisher flow equatio@g)(are therefore valid in the antidot problem considered here.

(e—im¢+ (X4,7) ei me. (X+,0)> <ei m¢A(X+,T)e—i moa(X4,0) ) , (21)

= (1-mPg)r{"™, (22)

6. Aharonov-Bohm effect in the strong-antidot-coupling regime

The RG analysis of the previous section shows that off resond&tarid at low temperatures the antidot
will be inthe strongly coupled regime shown in Fig. 1B. Furthermore, if the antidot system starts in the strongly
coupled regime, it will stay in this regime throughout the ranges of temperature and magnetic field important
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experimentally, because the quasiparticle backscattering process (which would be relevant in the RG sense)
is not allowed in this edge-state configuration and only electrons can tl8thel he strong-antidot-coupling
regime therefore admits a perturbative treatmafl, fo which we now turn. Details of the calculations shall
be given elsewhere.

The currentl passing between edge statésand R’ as a function of their potential differené& may be
calculated for small tunneling amplitud€s (i = 1, 2), which for simplicity are taken to be equal apart from
AB phase factors3l]. The result is

| = —2|T12Im [ X11(w) + Xoo() + € @20 X 5(w) + &7 @20 X5 ()] (23)

w=V"’

where X () is the Fourier transform oK;; (t) = —i6(t){[Bi (1), B/(0)]) and B, = ¥ (x)¥5(x) is an
electron tunneling operator acting at poit This response function can be calculated using bosonization
techniques and the result for filling factgr= 1/q is

X (0 = 60> Im (/LD
1O =-6077 sinff[z(x, — x; + vt +ia)/L]sinf[z(x — x; — vt —ia)/Lt]’

(24)

whereL+ = v/T is the thermal length. Whea = 1, (24) is the response function for free chiral electrons.
Each termX;; in (23) corresponds to a process occurring with a probability proportiona} i) |. Thelocal
termsXi; and X, therefore describimdependentunneling atx; andx,, respectively, whereas tm@nlocal
terms X1, and X,; describecoherenttunneling through both antidot constrictions. The AB phase naturally
couples only to the latter. We shall see that the local contributions behave exactly like the tunneling current
in a quantum point contact. The AB effect, however, is a consequence of the nonlocal terms, and we shall
show that there are new non-Fermi-liquid phenomena associated with these terms that are directly accessible
to experiment.

We have Fourier transforme@4) exactly and find a crossover behavior in the nonlocal response functions
when the thermal lengtht becomes less tham; — x;|. The finite size of the antidot therefore provides an
important new temperature scale (with units now restored)

_ h
- ﬂkBL’

where L is the circumference of the edge state around the antidot. For example, a Fermi velo€ity
10° cm s7! and circumferencé of 1 um yields Ty ~ 20 mK. Note thatTy is closely related to the energy
level spacingAE = 27 v/L for noninteracting electrons with linear dispersion in a ring of circumferénce
To = AE/272.

The current can generally be written as

0 (25)

| =1lg+ |ABCO$27TCD/¢)0), (26)

wherelg is thedirect current resulting from the local terms amgg is the AB current resulting from the
nonlocal terms.

For noninteracting electrons, theiBiker—Landauer formula or our perturbation theory vgjte 1 may be
used to show that™ = Ift + I FL cos 27 @/ ®y), where

gt =tV (27)
is the direct contribution, and the AB part is given by
2k T .
| = |tP———e—sin(VL/2 28
AB [t] SInh(T / To) sin(V L/2v), (28)

where|t|? is the source-to-drain transmission probabilBy][
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In the linear response regime we generally wtite GV, where, for a Fermi quuidGcF,'- = |t|%, and

T/To
Ghi = 1P 29
a8 = It sinh(T/ To) (29)
The exact current—voltage relation for the= 1/3 chiral Luttinger liquid is
lo=|TJ? alv 6474T4 + 20V272T? + V4 (30)
12Qrv8 ’
and
atm? T3 VL T
lag = —|T? sin[ — ) - v2+4n2T2<1—3cotr? (—))}
se = —IT1" =5 sint’?(T/To){ <2v) [ To
VL T
+ 67V Tcos[ — |coth| =— ) ¢. (31)
2v To

In the limit L — O, Iag always reduces t&y. To see this in thg = 1/3 case one has to expand the terms
in the bracket of eqn31) up to third order irL (all lower orders cancel exactly).

We now summarize our results for genagalWe shall for convenience summarize the transport properties
as a function of temperature for fixed voltage, first¥org To and then fotV > Ty.

6.1. Low voltage regimeV « Ty

In this case there are three temperature regimes. Whexn V « Ty, both Iy and | g have nonlinear
behavior, varying with voltage ag-1.
When the temperature exceedsthe response becomes linear. Whéeng T « To, bothGg andGap
vary with temperature as
29—2
G x <l> , (32)
Te

whereTg = v/ais an effective Fermi temperature.
For example, when = 3, the exact conductance [obtained from eg)(is

(T/Te)* T T T
o ST /T {3coth<?0> + (ﬁ) [1 — 3cotlf (ﬁ)] } (33)

which is shown in Fig. 2, along with the Fermi-liquid result. Note that neasc 2Ty, we find thatGag
displays a pronounced maximum, also in striking contrast to a Fermi liquid.
Increasing the temperature further we cross over intd/the Top < T regime wheres, scales as in32),

but
T\/T\*?
s (g )(F) e (@)

AB

ThusG ag exhibits a crossover from the well-knowWit9—2 Luttinger liquid behavior to a new scaling behavior
whichis much closer to a Fermiliquid = 1). Careful measurements in this experimentally accessible regime
should be able to distinguish between a Fermi liquid and this predicted nearly Fermi-liquid temperature
dependence.
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Fig. 2. Temperature dependence®fg for the caseg = 1 (dashed curve) amgl= 1/3 (solid curve). Both curves are normalized to
have unit amplitude at their respective maxima.

6.2. High voltage regime:V > Ty

Again there are three temperature regimes. For the lowest temperdtugesly, « V, the response is
again nonlinear. The direct term varies with voltagéas V29~1, as in the lowest temperature, low voltage
regime. However, the AB curent is now much more complicated, involving power-laws times trigonometric
functions of the ratio// To. As an example, for the case= 3 we find

3V Y V V. [V
lag o _|:27TT0:| cos(zﬂT()) + [3— (271T0> }sm(zﬂ_()), (35)

which is related to the Bessel functidg),.
As the temperature is increased furtherfp« T « V, we find a crossover to a remarkaltigh-
temperature nonlinear regimeélerely o« V24~ as before, but now

T\ Vv
I — ) e 9T/ Toya-1lgin( ). 36
AB X (To> 27T (36)

Therefore, the nonlinear response at fixed temperature can also be used to distinguish between Fermi liquid
and Luttinger liquid behavior, even at relatively high temperatures.

When the temperature exceeds V, the response finally becomes linearTyvheV « T, Gy scales as
in (32) whereass 5 scales as in34). Thus at high temperatures the low- and high-voltage regimes behave
similarily.

7. Persistent current in a chiral Luttinger liquid

In the previous section we have been discussing the transport properties of an edge state that occurs at
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the boundary of a quantum Hall fluid pierced by an antidot potential. In this section we shall discuss a non-
Fermi-liquid mesoscopic property of the edge current occurring at this same type of antidot boundary or at
the boundary of a FQHE droplet confined in a quantum dot.

In a macroscopic edge state, an equilibrium edge current exists even in the absence of additional AB flux
or twisted boundary conditions. In the absence of disorder the magnitude of this current is universal and is
given by B2
w, €
ledge= gﬁ + 2i7:’
wherew, is the cyclotron frequency arg is the proper quasihole energy of the Laughlin state at filling
factorg = 1/q.

We now couple the edge state to an additional AB fluxThe grand-canonical partition function of the
mesoscopic edge state factorizes into a zero-mode contribution,

(37)

00
7%= Z g~ 97 (To/TH(n=&/®o)? (38)

n=—0o0

which depends o, and an irrelevant flux-independent contribution from the nonzero-modes.Thése
again given by eqn25). Note that ifNL. were restricted to be an integer then the period of these equilibrium
AB oscillations would bebg/g. The allowed fractionally charged excitatioris8) are therefore responsible
for restoring the AB period t@, as is well-known in other context83, 34).

The edge current induced from the additional fibixs

0 2T & nSin2rnd/ dq)

=700 = w0 2 Y Sinhna /T

(39)

whereQ is the grand-canonical potential. At zero temperature dhiisl persistent currenbas an amplitude
(with units now restored)

r=g— (40)

where, againl is the length of the edge state, ahds renormalized by the electron—electron interactions

in precisely the same way as in a nonchiral Luttinger liqufl] [ At temperatures > Ty the amplitude

decays as- e 97/To_ Because these persistent currents are chiral, there is no backscattering from impurities
and hence no amplitude reduction from disorder. The temperature dependence of the magnetic response of a
FQHE edge state may therefore be an ideal system to observe non-Fermi-liquid behavior.

8. Conclusion

We have studied the AB effect for filling factor/4 (g odd) in the strong-antidot-coupling limit with
CLL theory. The low-temperature linear response is similar to that in a quantum point contact. How-
ever, the AB oscillations are a mesoscopic effect and, as such, are diminished in amplitude above a
crossover temperatur& determined by the size of the antidot. AboVg the temperature dependence
of the AB oscillations is qualitatively similar to that in a Fermi liquid (see Fig. 2). It is clear that a re-
lated crossover occurs in the weak-antidot-coupling regime as well. In addition, we have identified a new
high-temperature nonlinear response regime that may also be used to distinguish between a Fermi and
Luttinger liquid. Finally, we have predicted new mesoscopic edge-current oscillations that have a uni-
versal non-Fermi-liquid temperature dependence and may be another means to observe a chiral Luttinger
liquid.
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