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Effects of Fermi energy, dot size, and leads width on weak localization in chaotic quantum dots
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Magnetotransport in chaotic quantum dots at low magnetic fields is investigated by means of a tight-binding
Hamiltonian onL3L clusters of the square lattice. Chaoticity is induced by introducingL bulk vacancies. The
dependence of weak localization on the Fermi energy, dot size, and leads width is investigated in detail and the
results compared with those of previous analyses, in particular with random matrix theory predictions. Our
results indicate that the dependence of the critical fluxFc on the square root of the number of open modes, as
predicted by random matrix theory, is obscured by the strong energy dependence of the proportionality con-
stant. Instead, the size dependence of the critical flux predicted by Efetov and random matrix theory, namely,
Fc}A1/L, is clearly illustrated by the present results. Our numerical results do also show that the difference
between conductances at large and zero field~weak localization term! significantly decreases as the leads width
W approachesL, reaching a value well below the random matrix theory prediction. A size dependence analysis
indicates that the weak localization term remains finite whenL increases.

DOI: 10.1103/PhysRevB.63.115310 PACS number~s!: 73.21.2b, 05.45.2a, 03.65.Sq
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I. INTRODUCTION

Experimental studies of magnetoconductance in quan
dots show that, at low magnetic fields~typically below one
flux quantum!, the conductance increases with the field.1–4

The effect has been investigated theoretically2,5,6,8 and re-
lated to a similar behavior observed in disordered meta
conductors in the diffusive regime, that is referred to as w
localization~WL!.9,10

There is also fairly conclusive experimental eviden
which indicates that the average magnetoconducta
^G(B)& behaves in a qualitatively different way in regul
and chaotic cavities, namely, whereas in the former it
creases linearly withB, in chaotic cavities the WL peak ha
a Lorentzian shape.2 Semiclassical analyses ascribe this d
ference to the different distributions of areasA enclosed by
the trajectories of the carriers5 characteristic of the two case
While in regular systems the probability distribution of e
closed areas larger thanA is }1/A,11 in fully chaotic systems
it is exponential.12 As a consequence, in chaotic cavities t
increment in the magnetoconductance as a function of m
netic flux F is given by

dG5G~F!2G~0!5
aF2

11bF2
, ~1!

where the conductance and the magnetic flux are give
units of their respective quanta,G05e2/h andF05h/e. The
constantb gives the critical flux at which the time-revers
symmetry is effectively destroyed,Fc51/Ab, whereas the
ratio a/b gives the weak localization term, i.e.,G(`)
2G(0)5a/b. The supersymmetrics model predicts thata
and b should be inversely proportional to the number
channelsNch that contribute to the current,10
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b5c
nD0

Nch
}

L

Nch
, ~2!

wherec is a constant~for the present geometryc52p/3), n
the density of states,D0 the diffusion coefficient, andL the
linear size of the cavity. The size dependence arises from
standard expression for the diffusion coefficientD05vFl /2,
wherevF is the Fermi velocity, andl the elastic mean free
path, and from the fact that in a two-dimensional ballis
system,l}L.13 The qualitative behavior of Eq.~2! is similar
to the random matrix theory~RMT! result for the critical flux
at which the time-reversal symmetry is broken~GOE–GUE
transition! reported in Ref. 7.

RMT gives the following result for the weak localizatio
term a/b:8,14,15

a

b
5

Nch

4Nch12
, ~3!

whereNch is related to the zero field conductance throug

GRMT~0!5
Nch

2
2

Nch

4Nch12
. ~4!

On the other hand, a fitting of the numerical results obtain
from a random matrix model Hamiltonian gave14

b52k
2Nch21

Nch
2

, ~5!

k being a constant which, as in Eq.~2!, depends on the Ferm
energy. Although Eq.~5! gives the same dependence on t
number of channels than Eq.~2! in the largeNch limit, it
does not explicitly reproduce neither its size nor its ene
dependence. Moreover, as remarked in Ref. 14, Eq.~5! is
only valid for few channel ballistic cavities. It should also b
©2001 The American Physical Society10-1
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E. LOUIS AND J. A. VERGÉS PHYSICAL REVIEW B63 115310
mentioned that the size dependence of the constantb has also
been obtained within RMT~see Refs. 16 and 17!.

At present there is no published numerical study of
effects of the size of the cavity, the leads width, and
Fermi energy on weak localization in reasonably realis
models of quantum chaotic cavities. The purpose of t
work is to discuss the results of such an investigation. Qu
tum dots are described by means of a tight-binding Ham
tonian on L3L clusters of the square lattice. Nonregul
~chaotic! behavior is induced by introducing a number
bulk vacancies proportional to the linear size of the system18

This model has been shown to behave similarly to dots
which chaoticity is induced by introducing disorder at t
surface.19,20We also note that bulk disorder randomize mo
efficiently the system than surface disorder making easier
comparison with RMT. The effects of leads widthW, system
size, and number of channels that contribute to the cur
are discussed in detail. Our results show that the critical
is not simply proportional to the square root of the number
open channels as concluded in Ref. 14; it turns out that
relationship is obscured by the strong energy dependenc
the proportionality constant already implicit in Eq.~2!. Sig-
nificant deviations from RMT are observed for large lea
width (W of the order of the system sizeL). In particular the
weak localization term decreases asWapproachesL reaching
a value much smaller than the RMT prediction. The we
localization term remains finite asL is increased.

The paper is organized as follows. Section II include
description of our model of chaotic quantum dot and of
method we used to compute the current. The results are
cussed in Sec. III. We first briefly consider the case of z
field, comparing our results with those derived from RM
The results concerning the effects of Fermi energy, le
width, and dot size are presented and discussed there
Again, comparison with RMT is highlighted. Section IV
devoted to summarize the conclusions of our work.

II. MODEL AND PROCEDURES

A. Model of quantum chaotic dot

Our model of a quantum chaotic dot is described
means of a tight-binding Hamiltonian with a single atom
orbital per lattice site,

Ĥ52 (
^m,n;m8,n8&

tm,n;m8,n8um,n&^m8,n8u, ~6!

whereum,n& represents an atomic orbital on site (m,n). In-
dexes run from 1 toL, and the symbol̂ & denotes that the
sum is restricted to theexisting nearest neighbors of sit
(m,n). Using Landau’s gauge the hopping integral
tm,n;m8,n85exp$2p i @m/(L21)2#(F/F0)%, for m5m8, and
1 otherwise. Therefore the difference between our Ham
tonianH and the one corresponding to an idealL3L cluster
on the square lattice is the absence of hopping to and froL
sites chosen at random among theL2 sites defining the lat-
tice. A full discussion of the properties of this model for th
case of a closed system and zero field can be found in
18.
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B. Conductance

The conductance~measured in units of the quantum o
conductanceG05e2/h) was computed by using the imple
mentation of Kubo formula described in Ref. 21~applica-
tions to mesoscopic systems can be found in Refs. 22
23!. For a current propagating in thex direction, the static
electrical conductivity is given by

G522S e2

h DTr@~\ v̂x!Im Ĝ~E!~\ v̂x!Im Ĝ~E!#, ~7!

where ImĜ(E) is obtained from the advanced and retard
Green functions:

Im Ĝ~E!5
1

2i
@ ĜR~E!2ĜA~E!#, ~8!

and the velocity~current! operatorv̂x is related to the posi-
tion operator x̂ through the equation of motion\ v̂x

5@Ĥ,x̂#, Ĥ being the Hamiltonian.
Numerical calculations were carried out connecting qu

tum dots to semiinfinite leads of width W in the range 1 –L.
The hopping integral inside the leads and between leads
dot at the contact sites is taken equal to that in the quan
dot ~ballistic case!. Assuming the validity of both the one
electron approximation and linear response, the exact f
of the electric field does not change the value ofG. An
abrupt potential drop at one of the two junctions provides
simplest numerical implementation of the Kubo formula21

since, in this case, the velocity operator has finite ma
elements on only two adjacent layers and Green functi
are just needed for this restricted subset of sites. Assum
this potential drop to occur at the left contact (lc) side, the
velocity operator can be explicitly written as

i\vx52(
j 51

W

~ u lc, j &^1,j u2u1,j &^ lc, j u!, ~9!

where (u lc, j & are the atomic orbitals at the left contact sit
nearest neighbors to the dot.

Green functions are given by

@EÎ2Ĥ2Ŝ1~E!2Ŝ2~E!#Ĝ~E!5 Î , ~10!

where Ŝ1,2(E) are the self-energies introduced by the tw
semi-infinite leads.24 Most calculations were carried out b
assuming that the magnetic field was zero outside the
Under this assumption the retarded self-energy due to
mode of wave vectorky can be calculated explicitly:

S~E!5
1

2
~E2e~ky!2 iA42@E2e~ky!#2!, ~11!

for energies within its banduE2e(ky)u,2, where e(ky)
52 cos(ky) is the eigenenergy of the modeky which is quan-
tized asky5(nky

p)/(W11), nky
being an integer from 1 to

W. The transformation from the normal modes to the lo
tight–binding basis is obtained from the amplitudes of t
normal modes,̂ nuky&5A2/(W11)sin(nky). Some calcula-
0-2
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EFFECTS OF FERMI ENERGY, DOT SIZE, AND . . . PHYSICAL REVIEW B63 115310
tions were done taking a magnetic field on the leads equa
that within the dot. For such cases the self-energy was
culated iterating Dyson’s equation. If not specified, calcu
tions discussed hereafter correspond to the case of no m
netic field in the leads.

C. Numerical procedures

Input/output leads were attached at opposite corners o
dot as follows: input lead connected from site (1,1) to s
(1,11W), and output lead from site (L,1) to site (L,11W).
We have checked that changing the sites at which leads
attached does not qualitatively modify the results discus
here. The conductance was averaged over disorder rea
tions ~local distribution of vacancies! and within selected
energy ranges. The latter were chosen to fit the numbe
channels in the leads. More specifically, for leads withNch
channels energy averages were done in the range

EP@ENch
,ENch11#, ~12!

for Nch channels in the leads, where

En522S 11cos
pn

W11D . ~13!

Some calculations were also carried out at a fixed Fe
energy. In all cases averages were done over at least
values of the conductance.

As remarked above we hereafter discuss the effects o
Fermi energy, size of the cavity, and leads width on
shape of the weak localization peak. The Fermi energy c
trols the number of open channels and thus the maxim
conductance, while the leads width fixes~in the tight-binding
model used here! the maximum number of channels. Thu
Nch can be tuned by either varying the Fermi energy or
leads width or both. Besides, the Fermi energy can furt
affect the peak shape as suggested by the results of Re
which show that the critical flux is a function of the dens
of states and the diffusion coefficient@see Eq.~2!# both
energy-dependent magnitudes. The degree of opening o
cavity is controlled by the leads width. Presumably, this w
also be an important factor as far as the applicability of RM
results is concerned. Finally the dot size will also likely a
fect the peak shape as indicated by Eq.~2!.

III. RESULTS

A. Zero-field conductance

Figure 1 shows relative deviations of the conductan
with respect to the RMT result@see Eq.~4!# for narrow and
rather wide leads as a function of the dot sizeL. It is noted
that for smallW deviations are always smaller than 5%, a
typically below 2%. The results fluctuate more apprecia
for the narrower lead (W51) as expected.23 Relative devia-
tions from the RMT result are significantly larger forW59
and 18. The results of Fig. 1 suggest that the difference w
respect RMT is not a size effect. The larger deviation, a
stronger variation in the explored range ofL, observed for
Nch5W59 is likely a consequence of the important cont
11531
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bution that the center of the band (E50) has in that case
Both the center of the band and its bottom (E524) show
rather odd behaviors. In particular atE50 no weak localiza-
tion effect was observed~see below!.

The change in the zero-field conductance as the num
of channels is varied, for fixed dot size, is illustrated in F
2. The results forNch5W/2 (E522) can be accurately fit-
ted by means of a straight line, as expected, although

FIG. 1. Relative deviations of the numerical results for the ze
field conductance with respect to the RMT result versus dot sizL.
Leads of widthW were attached at opposite corners of the d
Chaoticity was induced by introducingL bulk vacancies~see text!.
Averages weere taken over 60 disorder realizations and 21 ene
in the ranges corresponding to the number of channelsNch in the
leads ~see text!. The results correspond to (W,Nch)5(1,1): dia-
monds;~3,3!: squares;~18,9!: circles; and~9,9!: triangles. The lines
are guides to the eye.

FIG. 2. Zero-field conductanceG(0) in units of the conductance
quantum in dots of linear sizeL595 versus the number of channe
in the leadsNch. Leads of widthW5 22 ~empty circles! and W
52Nch ~filled circles! were attached at opposite corners of the d
Chaoticity was induced by introducingL bulk vacancies~see text!.
The results correspond to averages over 60 disorder realizations
21 energies in the range corresponding the number of channe
the leads~see text!. The straight line~broken curve! fitted to the
results forW52Nch is G(0)50.44Nch20.15.
0-3
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E. LOUIS AND J. A. VERGÉS PHYSICAL REVIEW B63 115310
slope is smaller than the RMT prediction@see caption of Fig.
2 and Eq.~4!#. The slope of the straight line varies with th
ratio Nch/W, or alternatively the average Fermi energy; f
instance atE50 ~Nch5W) it is actually larger than 0.5. Fo
fixed leads widthW522 and a variable number of channe
a large deviation with respect to a straight line is inste
observed. This deviation increases with the number of ch
nels and is likely due to the increasing contribution of t
band center~note that, for fixedW, the number of channels i
increased through an increase in the Fermi energy!. Numeri-
cal results indicate that at the band center the conducta
shows a much stronger dependence~increase! on the dot size
that at any other energy within the band, probably due to
building up of the singularity in the density of states char
teristic of the square lattice at that energy. These results
gest that if theNch dependence has to be investigated it
more reliable to work at a fixedNch/W ratio and vary the
leads width.

B. Magnetoconductance: Weak localization

We first discuss the energy dependence of the critical
and of the weak localization term. This was done by inv
tigating rather largeW and varying the number of channe
in each lead. This is equivalent to vary the energy range o
which the conductance was calculated~see above!. Figure 3
depicts numerical results for cavities of linear sizeL578 and

FIG. 3. Magnetoconductance as a function of the magnetic
~in units of their respective quanta! in 78378 chaotic cavities with
leads of widthW522 ~a! and 44~b! attached at opposite corners
the dot, as discussed in the text. Chaoticity was induced by in
ducingL578 bulk vacancies~see text!. Averages were taken ove
60 disorder realizations and 21 energies in the ranges correspon
to the number of channelsNch in the leads. The numerical resul
correspond toNch54 ~triangles! and 12~squares! and were fitted by
means of Eq.~1! with the parameters reported in Table I.
11531
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leads of widthW522 ~a! and 44~b!. The conductance wa
obtained by averaging over 60 disorder realizations and
energies in the ranges corresponding to the number of c
nels in the leads~see Sec. II C!. The weak localization peak
shows the expected behavior. The numerical results w
fitted by means of Eq.~1! for fluxes in the range 0–1. At this
stage it is worth noting that the conductance remains c
stant in a wide range of fluxes only for smallW. For largeW
the conductance follows Eq.~1! in a rather narrow range o
F ~see below and Ref. 25!. This deviation from the
Lorentzian-like law hinders the fitting of the numerical r
sults. The fitted parameters are reported in Table I. The
rameters derived from RMT@Eqs.~3!–~5!# are also given in
Table I. Equation~5! was used withk51 as its explicit de-
pendence on energy was not given in Ref. 14; this will s
fice, however, to illustrate our point concerning the stro
energy dependence of that constant. We first note that
weak localization term is smaller than the values predic
by RMT likely due to the large values ofW ~see below!.
However, the dependence ofa/b on the number of channel
is the correct one~it increases withNch) but for W544 and
Nch528. The latter deviation is a consequence of the incre
ing contribution of the band center.26

The numerical results for parameterb show that it in-
creases with the number of open channels, a behavior o
site to that given by RMT withk5const. This suggests tha
it cannot be safely concluded that the critical flux is prop
tional to the square root of the number of open channels,
increasing the Fermi energy, not only increasesNch but it
also dramatically changes constantk in Eq. ~5!. The energy
dependence ofk already appears in the supersymmet
s-model result.10 We have checked that if the energ
dependent factor in Eq.~2! is included, the dependence o
the RMT result on the number of channels can be revers
The results are illustrated in Fig. 4~the mean free path wa
calculated following the procedure of Refs. 13 and 22,
also Ref. 27!. As shown in the caption,nD0 increases with
the number of channels slightly faster than linearly. Th

x

o-

ing

TABLE I. Fittings of numerical results such as those of Fig.
by means of Eq.~1! for 78378 chaotic cavities with leads of width
W522 and 44 attached at opposite corners of the dot, as discu
in the text. Chaoticity was induced by introducingL vacancies
within the bulk. The magnetoconductance was obtained by ave
ing over 60 disorder realizations and 21 energies in the ranges
responding to the number of channelsNch in the leads~see text!.
RMT results as obtained from Eqs.~3! and ~5! with k51 are also
reported.

Numerical RMT

W Nch G(0) b a/b b a/b

22 4 1.32 5.62 0.137 0.88 0.22
12 5.12 8.96 0.151 0.32 0.24

44 4 0.98 1.83 0.076 0.88 0.22
12 4.62 2.46 0.097 0.32 0.24
20 8.47 2.81 0.125 0.18 0.24
28 12.87 4.73 0.091 0.14 0.25
0-4
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EFFECTS OF FERMI ENERGY, DOT SIZE, AND . . . PHYSICAL REVIEW B63 115310
result is compatible with those reported in Table I~although
no quantitative agreement is found!. We note that, in some
cases, the energy dependence ofnD0 may also give a con-
stantb that decreases with the number of channels. In p
ticular whenNch becomes closer toW, the contribution of the
band center increases andb begins to decrease due to th
sharp decrease of the mean free path and the electron v
ity nearE50 ~see, for instance, Ref. 27!.

The effects of the dot size on the weak localization pe
were investigated forL in the range ofL527–137 and three
combinations of (W,Nch). Averages were identical to thos
mentioned in the preceding paragraph. The results are
picted in Figs. 5 and 6. The weak localization term (a/b)
shows a slight size dependence at smallL, saturating forL
approximately larger than 50~see Fig. 5!. This indicates that
the smaller values ofa/b obtained in our calculations, with
respect to RMT, is probably not a size effect. The results
(W,Nch)5(1,1) are slightly smaller than those for~2,1!
surely due to the contribution of the band center in the fi
case. The results for~10,5! are larger than the other two, i
agreement with RMT. On the other hand constantb increases
with L as expected@see Eq.~2!#: the numerical results can b
reasonably fitted by means of straight lines as shown in
6. The differences in the slopes is a consequence of the
ergy dependence discussed above.

In order to get rid as much as possible of the strong
ergy dependence of the weak localization peak, we have
ried out the study of the effects of the leads width at a fix
energy. We have chosenE522.001 ~away from the band
center and bottom! which approximately correspond toNch
5W/2. We fixed the dot size atL578 and varied the lead
width in the rangeW54 –78. The results are shown in Fig
7–9. The conductance versus the magnetic field for sm

FIG. 4. Average of the productnD0, wheren is the density of
states andD0 the diffusion coefficient, versus the number of cha
nels in the leads. Energy averaging was carried out as^nD0&
5(k(vkl k)/(2L2DE), where the sum runs over allk such thatEk

P@ENch
,ENch11# ~see Sec. II C! DE5ENch112ENch

, andvk and l k

are the electron velocity and mean free path, respectively. Fur
averaging was carried out over 20 realizations of disorder (L ran-
domly distributed bulk vacancies!. The results correspond toL
563 andW535, while the fitted curve iŝnD0&50.27Nch

1.26.
11531
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and largeW is depicted in Fig. 7. It is readily noted that bo
the weak localization term and constantb ~or the inverse of
the square root of the critical flux! sharply decrease withW.
Although the results are nicely fitted by means of Eq.~1! the
deviation of the numerical results with respect to that eq
tion which occurs at largeW ~see above! is already observed
for W578 ~note that the fitting closely follows the numeric
results only up toF'1.5). The decrease ofb with Nch is
illustrated in Fig. 8 forNch5W/2. The results can be satis
factorily fitted by means of the RMT result~see caption of
Fig. 8!. On the other hand the weak localization term d
pends on the leads width in a way that has not been pr
ously anticipated~see Fig. 9!. At small W ~or number of
channels! it increases as predicted by Eq.~3!. However, be-
yondW'0.2L it begins to decrease sharply reaching a va
slightly larger than 0.05 forW5L. The fact that this value is

er

FIG. 5. Weak localization term@a/b in Eq. ~1!# as a function of
the dot size. Leads of widthW were attached at opposite corners
the dot. Chaoticity was induced by introducingL bulk vacancies
~see text!. Averages were taken over 60 disorder realizations and
energies in the ranges corresponding to the number of channelsNch

in the leads~see text!. The results correspond to (W,Nch)5(10,5):
circles; ~2,1!: triangles; and~1,1!: squares. The lines are guides
the eye.

FIG. 6. Same as Fig. 5 for constantb in Eq. ~1!. The fitted
straight lines are also shown.
0-5
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E. LOUIS AND J. A. VERGÉS PHYSICAL REVIEW B63 115310
well below the RMT prediction~0.25! suggests that a con
stant magnetic field within the dot does not introduce su
cient randomization to switch the system from the ortho
nal to the unitary universality class. The effect is grea
enhanced as the system becomes more open (W increases!.

To explore the possibility that the weak localization te
vanishes in the largeL limit and strongly open systems, w
have calculated the magnetoconductance forW5L, E5
22.001 andL in the range 30–126. The numerical results
magnetic fluxes in the range 0–1 were fitted by means of

FIG. 7. Magnetoconductance as a function of the magnetic
~in units of their respective quanta! in 78378 chaotic cavities with
leads of widthW 5 4 and 78~squares and circles, respectivel!
attached at opposite corners of the dot, as discussed in the
Chaoticity was induced by introducingL578 bulk vacancies~see
text!. The results correspond to averages over 1260 disorder
izations and a fixed energyE522.001 which roughly correspond
to Nch5W/2. The numerical results were fitted by means of Eq.~1!

FIG. 8. Constantb in Eq. ~1! as a function of the number o
channels in the leadsNch. Leads of widthW were attached at op
posite corners of dots of linear sizeL578. Chaoticity was induced
by introducingL bulk vacancies~see text!. The results correspond
to averages over 1260 disorder realizations,W54 –78 and a fixed
energyE522.001~which roughly corresponds toNch5W/2). The
broken line is the RMT result obtained from Eq.~5! with k515.
11531
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~1!. Fitted parameters (b anda/b) are reported in Table II.
The results clearly indicate thata/b does not vanish asL
increases. The fact thatb is almost independent ofL is a
consequence of the dependence ofb on the ratioL/Nch ~note
that by takingW5L and a fixed energy the number of cha
nels is proportional toL).

Finally we briefly discuss the effects of including th
magnetic field in the leads, which would likely be strong
for wide leads and large fields. The results are illustrated
Fig. 10 for cavities of linear sizeL578 and leads of width
W5L. The two calculations~with or without field in the
leads! give very similar results for fluxes up toF'6, and
differ only at a quantitative level for larger fluxes. A possib
reason for this similarity is that as the Green’s function of t
whole system is calculated by means of Dyson equation,
effect of the field spreads over the leads up to some dista
even if no magnetic field was explicitly included in the lead

x

xt.

al-

FIG. 9. Weak localization term@a/b in Eq. ~1!# as a function of
the leads widthW. The leads were attached at opposite corners
dots of linear sizeL578. Chaoticity was induced by introducingL
bulk vacancies~see text!. The results correspond to averages ov
1260 disorder realizations,W54 –78 and a fixed energyE5
22.001. The line is a guide to the eye.

TABLE II. Fittings of numerical results such as those of Fig.
by means of Eq.~1! for L3L chaotic cavities with leads of widths
W5L attached at opposite corners of the dot, as discussed in
text. Chaoticity was induced by introducingL vacancies within the
bulk. The magnetoconductance was obtained by averaging
1260 realizations of disorder and at a fixed energyE522.001
~which roughly corresponds toNch5W/2).

L G(0) b a/b

30 6.50 0.66 0.058
42 9.34 0.89 0.051
54 12.19 0.91 0.056
66 15.04 0.76 0.070
78 17.91 0.85 0.059
102 23.65 0.98 0.053
114 26.49 0.87 0.054
126 29.37 0.88 0.047
0-6
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This result has an important consequence: as from an ex
mental point of view neither of the two calculations is re
istic ~the leads will likely be partially located within the non
zero field region!, the fact that these two limiting
calculations give very similar results allows to carry either
the two rather safely. The results of Fig. 10 also illustrat
point raised above, namely, for largeW ~wide leads! the
magnetoconductance follows Eq.~1! only for small magnetic
fluxes.25

FIG. 10. Magnetoconductance as a function of the magnetic
~in units of their respective quanta! in 78378 chaotic cavities with
leads of widthW578 attached at opposite corners of the dot,
discussed in the text. Chaoticity was induced by introducingL
578 bulk vacancies~see text!. The results correspond to averag
over 1260 disorder realizations, a fixed energyE522.001, and
systems with~triangles! or without ~circles! magnetic field in the
leads. The continuous line is a fitting, by means of Eq.~1!, of the
numerical results for fluxes in the range 0–1.
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IV. CONCLUDING REMARKS

Summarizing, we have presented a detailed numer
study of the effects of Fermi energy, leads width, and
size on the shape of the weak localization peak in quan
chaotic cavities. The study was carried out on a model t
was recently proposed by us18 which shows all the expecte
features of closed chaotic quantum billiards. Although t
conclusions of our investigation qualitatively agree w
most predictions of random matrix theory, some significa
differences have to be highlighted. We first note that o
results show that albeit the critical flux is proportional to t
square root of the number of open channels, as predicte
RMT, the proportionality constant strongly depends on
Fermi energy in agreement with Efetov’s analysis.10 This
introduces a model~system! dependence which makes the
retical~experimental! comparisons with RMT rather delicate
Our results clearly illustrate the size dependence of the c
cal flux, in particularFc}1/AL, in agreement with Efetov
results10 and the RMT results reported in Refs. 16 and
~note that this size dependence was not found in a previo
published RMT study, see Ref. 14!. Finally, we have inves-
tigated the effects of the leads width concluding that
weak localization term sharply decreases with the ratioW/L
reaching a value much smaller than the RMT predictio
although it probably remains finite in the infiniteL limit.
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