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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 onL X L clusters of the square lattice. Chaoticity is induced by introdutibglk 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 dhpon 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,
@, \1/L, is clearly illustrated by the present results. Our numerical results do also show that the difference
between conductances at large and zero figlebk localization termsignificantly decreases as the leads width
W approacheg, reaching a value well below the random matrix theory prediction. A size dependence analysis
indicates that the weak localization term remains finite whéncreases.
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I. INTRODUCTION vDy L
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Experimental studies of magnetoconductance in quantum
dots show that, at low magnetic fieldspically below one  wherec is a constantfor the present geometiy=2m/3), v
flux quantum, the conductance increases with the figlti. the density of stated), the diffusion coefficient, andl the
The effect has been investigated theoretiéal}® and re- linear size of the cavity. The size dependence arises from the
lated to a similar behavior observed in disordered metallistandard expression for the diffusion coeffici@yg=uvgl/2,
conductors in the diffusive regime, that is referred to as weakvherev is the Fermi velocity, and the elastic mean free
localization(WL).%*0 path, and from the fact that in a two-dimensional ballistic
There is also fairly conclusive experimental evidencesystem| =L .13 The qualitative behavior of Eq2) is similar
which indicates that the average magnetoconductanc® the random matrix theofRMT) result for the critical flux
(G(B)) behaves in a qualitatively different way in regular at which the time-reversal symmetry is brok€bOE—-GUE
and chaotic cavities, namely, whereas in the former it in4ransition reported in Ref. 7.
creases linearly witl8, in chaotic cavities the WL peak has ~ RMT gives the following result for the weak localization
a Lorentzian shapgSemiclassical analyses ascribe this dif- term a/b:3141%
ference to the different distributions of areAsnclosed by
the trajectories of the carri€rsharacteristic of the two cases. a_ Nen 3)
While in regular systems the probability distribution of en- b 4N.,+2’
closed areas larger thanis « 1/A,*t in fully chaotic systems

it is exponential? As a consequence, in chaotic cavities theWhere'\lCh 's related to the zero field conductance through

increment in the magnetoconductance as a function of mag- Nep Nep
netic flux ® is given by GRMT(O)Z 7— W (4)
2 On the other hand, a fitting of the numerical results obtained
5G=G(®)-G(0)= ——, (1)  from a random matrix model Hamiltonian gé¢e
1+bd?
2N.p—1
where the conductance and the magnetic flux are given in b=2kN—2, ©)
ch

units of their respective quant@,=e?/h and®,=h/e. The
constantb gives the critical flux at which the time-reversal k being a constant which, as in E&), depends on the Fermi
symmetry is effectively destroyedp.=1/\b, whereas the energy. Although Eq(5) gives the same dependence on the
ratio a/b gives the weak localization term, i.eG(x) number of channels than E) in the largeNy limit, it
—G(0)=alb. The supersymmetricc model predicts thah  does not explicitly reproduce neither its size nor its energy
and b should be inversely proportional to the number of dependence. Moreover, as remarked in Ref. 14, (Byis
channelsN,, that contribute to the curreff, only valid for few channel ballistic cavities. It should also be
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mentioned that the size dependence of the conbthas also B. Conductance

been obtained within RMTsee Refs. 16 and 17 The conductancémeasured in units of the quantum of
At present there is no published numerical study of theconductanceﬁozezlh) was computed by using the imple-

effects of the size of the cavity, the leads width, and the,aniation of Kubo formula described in Ref. ?applica-

Fermi energy on weak localization in reasonably realistiG;,q o mesoscopic systems can be found in Refs. 22 and

models of quantum chaotic cavities. The purpose of thiSy3) 4 4 current propagating in thedirection, the static
work is to discuss the results of such an investigation. Quan;|actrical conductivity is given by

tum dots are described by means of a tight-binding Hamil-

tonian onL XL clusters of the square lattice. Nonregular e? . . ~ .

(chaotig behavior is induced by introducing a number of G=—2<F)Tr[(hvx)lm G(E)(hvy)ImG(E)],  (7)
bulk vacancies proportional to the linear size of the system.

This model has been shown to behave similarly to dots ifyhere ImG(E) is obtained from the advanced and retarded
which chaoticity is induced by introducing disorder at the Green functions:

surfacet®?°We also note that bulk disorder randomize more
efficiently the system than surface disorder making easier the
comparison with RMT. The effects of leads widtfy system
size, and number of channels that contribute to the current .
are discussed in detail. Our results show that the critical fluxand the velocity(curren} operatorv, is related to the posi-

is not simply proportional to the square root of the number ofjon operator x through the equation of motiorio,
open channels as concluded in Ref. 14; it turns out that this:“:| %1, A being the Hamiltonian.

relationship is obscured by the strong energy dependence of Nl;mérical calculations were carried out connecting quan-
the proportionality constant already implicit in E@). Sig- tum dots to semiinfinite leads of width W in the rangell—

. . . SThe hopping integral inside the leads and between leads and
width (W O.f th? order of the system si§. In particular fche dot at the contact sites is taken equal to that in the quantum
weak localization term decreasesvdspproaches reaching dot (ballistic casg Assuming the validity of both the one-

a va!ue .much smaller.than .the R.MT prediction. The Weakelectron approximation and linear response, the exact form
localization term remains finite dsis mcreasgd. . of the electric field does not change the value Gf An

Th_e Paper 1S organized as follpws. Section Il includes aabrupt potential drop at one of the two junctions provides the
description of our model of chaotic quantum dot and of thesimplest numerical implementation of the Kubo fornfdla
method we used to compute the current. The results are di§~

. . . . ince, in this case, the velocity operator has finite matrix
qussed n Se_c. ll. We first bngfly consider .the case of Z€'%lements on only two adjacent layers and Green functions
field, comparing our results with those derived from RMT.

: ) are just needed for this restricted subset of sites. Assuming
The results concerning the effects of Fe_”“' energy, Ieadﬁwis potential drop to occur at the left contatt) side, the
width, and dot size are presented and discussed thereaft '

Seloci rator can xplicitly written
Again, comparison with RMT is highlighted. Section IV is elocity operator can be explicitly written as
devoted to summarize the conclusions of our work.

N 1 . N
Im G(E)=§[QR(E)—GA(E)]. ®

w
ifo == 2 (|lc,i)(Ljl—[1i)lc,i], 9
I. MODEL AND PROCEDURES =t
where (Ic,j) are the atomic orbitals at the left contact sites

. . _ nearest neighbors to the dot.
Our model of a quantum chaotic dot is described by Green functions are given by

means of a tight-binding Hamiltonian with a single atomic
orbital per lattice site, [El-A-3,(E)-3,(E)]G(E)=I, (10)

A. Model of quantum chaotic dot

- . where2.; ,(E) are the self-energies introduced by the two
H=-— 2 , tm,mm e [MNY(M’, 0], 6) semi-infinite lead$* Most calculations were carried out by
(m,n;m’,n") . L .
assuming that the magnetic field was zero outside the dot.

where|m,n) represents an atomic orbital on sit@,). In- Under this assumption the retarded self-energy due to the
dexes run from 1 td, and the symbo{ ) denotes that the mode of wave vectok, can be calculated explicitly:
sum is restricted to thexisting nearest neighbors of site L
(m,n). Using Landau’'s gauge the hopping integral is B A [E— (k)2
t e o =€XpL27 [M/(L — 1)2](/dg)}, for m=m’, and 2(E)=5(E-e(ky)—iva-[E-e(k)]9), (1D
1 otherwise. Therefore the difference between our Hamil- ) o
tonianH and the one corresponding to an ideat L cluster ~ for energies within its bandE - e(k,)|<2, where e(k,)
on the square lattice is the absence of hopping to and from =2 €0Sk,) is the eigenenergy of the modég which is quan-
sites chosen at random among thesites defining the lat- tized asky=(n m)/(W+1), n, being an integer from 1 to
tice. A full discussion of the properties of this model for the W. The transformation from the normal modes to the local
case of a closed system and zero field can be found in Refight—binding basis is obtained from the amplitudes of the
18. normal modes(n|k,)=y2/(W+1)sin(nk,). Some calcula-
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tions were done taking a magnetic field on the leads equal to 0.2
that within the dot. For such cases the self-energy was cal-
. . s . ipe .9
culated iterating Dyson’s equation. If not specified, calcula- i .
tions discussed hereafter correspond to the case of no mag-& 0.1 + * ‘\‘)~4\\
netic field in the leads. % [ /"\\ e e
&) AN ~ \_/.\
C. Numerical procedures = 00| {&Q\ io\ oo
Input/output leads were attached at opposite corners of the @ : k\ e
dot as follows: input lead connected from site (1,1) to site S Y
(1,1+W), and output lead from siteL (1) to site (,1+W). E 0.1+ 5 o e,
We have checked that changing the sites at which leads are ©, Sl et
attached does not qualitatively modify the results discussed
here. The conductance was averaged over disorder realiza- 0.2 : :
tions (local distribution of vacancigsand within selected 0 100 200 300
energy ranges. The latter were chosen to fit the number of L
channels in the leads. More specifically, for leads vl FIG. 1. Relative deviations of the numerical results for the zero-
channels energy averages were done in the range field conductance with respect to the RMT result versus dotlsize
Leads of widthW were attached at opposite corners of the dot.
Ee [ENch’ENch+ s (12) Chaoticity was induced by introducirigbulk vacanciegsee text

Averages weere taken over 60 disorder realizations and 21 energies
in the ranges corresponding to the number of chanNglsin the
leads (see text The results correspond toMNg,)=(1,1): dia-
) (13 monds;(3,3): squares(18,9: circles; and(9,9): triangles. The lines
are guides to the eye.

for Ng, channels in the leads, where

1+ cog
COT1

Some calculations were also carried out at a fixed Fermj . :

energy. In all cases averages were done over at least 12@tion that the center of the bané £0) has in that case.

values of the conductance. Both the center c_)f the band_and its bottol={ —4) shpw

As remarked above we hereafter discuss the effects of thgther odd behaviors. In particular&t=0 no weak localiza-
Fermi energy, size of the cavity, and leads width on theiOn effect was observetsee below.
shape of the weak localization peak. The Fermi energy con- 11€ change in the zero-field conductance as the number
trols the number of open channels and thus the maximurAf channels is varied, for fixed dot size, is illustrated in _Flg.
conductance, while the leads width fix@s the tight-binding 2+ The results foN¢,=W/2 (E=—2) can be accurately fit-
model used hejethe maximum number of channels. Thus ted by means of a straight line, as expected, although the
N¢, can be tuned by either varying the Fermi energy or the
leads width or both. Besides, the Fermi energy can further 1l o |
affect the peak shape as suggested by the results of Ref. 10 °
which show that the critical flux is a function of the density °
of states and the diffusion coefficiefsee Eq.(2)] both et
energy-dependent magnitudes. The degree of opening of the g L o "
cavity is controlled by the leads width. Presumably, this will
also be an important factor as far as the applicability of RMT
results is concerned. Finally the dot size will also likely af- s
fect the peak shape as indicated by E2). 4L e ,

E,=—2

G(0)

Ill. RESULTS ot

A. Zero-field conductance o L~ ‘ ‘ ‘

Figure 1 shows relative deviations of the conductance 0 8 16 24

with respect to the RMT resulsee Eq.(4)] for narrow and ch

rather wide leads a_s ".i function of the dot sizt is noted FIG. 2. Zero-field conductandg(0) in units of the conductance
tha_t for smallW deviations are always smaller than 5%'_andquantum in dots of linear side= 95 versus the number of channels
typically below 2%. The results fluctuate more appreqablyin the leadsN,. Leads of widthW= 22 (empty circles and W

for the narrower leadW/=1) as pr.e.cte&?f Relative devia-  — N, (illed circles were attached at opposite comners of the dot.
tions from the RMT result are significantly larger fdf=9  chaoticity was induced by introducirigbulk vacanciegsee text

and 18. The results of Fig. 1 suggest that the difference withrhe results correspond to averages over 60 disorder realizations and
respect RMT is not a size effect. The larger deviation, an@1 energies in the range corresponding the number of channels in
stronger variation in the explored range lof observed for the leads(see text The straight line(broken curve fitted to the
N=W=9 is likely a consequence of the important contri- results forW= 2Ny, is G(0)=0.44N,— 0.15.
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TABLE |. Fittings of numerical results such as those of Fig. 3

015 [ | | | R
by means of Eq(l) for 78X 78 chaotic cavities with leads of width
W=22 and 44 attached at opposite corners of the dot, as discussed
@ in the text. Chaoticity was induced by introducihg vacancies
O within the bulk. The magnetoconductance was obtained by averag-
6\ ing over 60 disorder realizations and 21 energies in the ranges cor-
< responding to the number of channélg, in the leads(see text
O RMT results as obtained from Eg&) and (5) with k=1 are also
reported.
Numerical RMT
w Neh G(0) b a/b b alb
>
6 22 4 1.32 5.62 0.137 0.88 0.22
N 12 5.12 8.96 0.151 0.32 0.24
e
O 44 4 098  1.83 0076 088  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

leads of widthW=22 (a) and 44(b). The conductance was
FIG. 3. Magnetoconductance as a function of the magnetic fluobtained by averaging over 60 disorder realizations and 21
(in units of their respective quanta 78X 78 chaotic cavities with ~energies in the ranges corresponding to the number of chan-
leads of widthw=22 (a) and 44(b) attached at opposite corners of nels in the lead¢see Sec. Il € The weak localization peak
the dot, as discussed in the text. Chaoticity was induced by introshows the expected behavior. The numerical results were
ducingL =78 bulk vacanciegsee text Averages were taken over fitted by means of EqJl) for fluxes in the range 0—1. At this
60 disorder realizations and 21 energies in the ranges correspondisage it is worth noting that the conductance remains con-
to the number of channeN, in the leads. The numerical results Stant in a wide range of fluxes only for sms\l For largeW
correspond tdN,,=4 (triangles and 12(squaresand were fitted by  the conductance follows Eql) in a rather narrow range of
means of Eq(1) with the parameters reported in Table I. ® (see below and Ref. 25 This deviation from the
Lorentzian-like law hinders the fitting of the numerical re-
slope is smaller than the RMT predictifsee caption of Fig. sults. The fitted parameters are reported in Table I. The pa-
2 and Eq.(4)]. The slope of the straight line varies with the rameters derived from RMTEgs.(3)—(5)] are also given in
ratio Nep,/W, or alternatively the average Fermi energy; for Table I. Equation(5) was used wittk=1 as its explicit de-
instance aE=0 (N,,=W) it is actually larger than 0.5. For Pendence on energy was not given in Ref. 14; this will suf-
fixed leads widthw= 22 and a variable number of channels fice, however, to illustrate our point concerning the strong
a large deviation with respect to a straight line is instead®N€r9y dependence of that constant. We first note that the
observed. This deviation increases with the number of charfve@k localization term is smaller than the values predicted
nels and is likely due to the increasing contribution of the®Y RMT likely due to the large values Al (see below.
band centetnote that, for fixedV, the number of channels is However, the dependence afb on the number of channels

increased through an increase in the Fermi enefgymeri- 1S the correct ongit increases witfNcy) but for W=44 and

cal results indicate that at the band center the conductanden=28. The latter deviation is a consequence of the increas-
shows a much stronger dependefioereasgon the dot size "9 contribution of the band centét. .

that at any other energy within the band, probably due to the 1h€ numerical results for parametbrshow that it in-
building up of the singularity in the density of states charac-creases with the number of open channels, a behavior oppo-
teristic of the square lattice at that energy. These results sugite © that given by RMT wittk=const. This suggests that
gest that if theN, dependence has to be investigated it islt cannot be safely concluded that the critical flux is propor-

more reliable to work at a fixedll,/W ratio and vary the tonal to the square root of the number of open channels, as,
leads width. increasing the Fermi energy, not only increasgg but it

also dramatically changes consténin Eq. (5). The energy
dependence ok already appears in the supersymmetric
o-model result® We have checked that if the energy-
We first discuss the energy dependence of the critical fluxlependent factor in Eq2) is included, the dependence of
and of the weak localization term. This was done by investhe RMT result on the number of channels can be reversed.
tigating rather largaVv and varying the number of channels The results are illustrated in Fig. (#he mean free path was
in each lead. This is equivalent to vary the energy range ovetalculated following the procedure of Refs. 13 and 22, see
which the conductance was calculatsee above Figure 3 also Ref. 27. As shown in the captionyD, increases with
depicts numerical results for cavities of linear size 78 and  the number of channels slightly faster than linearly. This

B. Magnetoconductance: Weak localization
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FIG. 5. Weak localization terra/b in Eq. (1)] as a function of
the dot size. Leads of widt¥W were attached at opposite corners of
the dot. Chaoticity was induced by introducihgbulk vacancies

FIG. 4. Average of the produatD,, wherev is the density of
states and the diffusion coefficient, versus the number of chan-

rlels in the Ieazlds. Energy averaging was carried ou(i#30)  (see text Averages were taken over 60 disorder realizations and 21
=Zk(vid )/ (2L"AE), where the sum runs over dllsuch thaley  opergies in the ranges corresponding to the number of chaNpels
€[EnyyEng+1] (see Sec. ICAE=Ey 1~ Ey,, andvy andly in the leadgsee text The results correspond t&\;N¢) = (10,5):

are the electron velocity and mean free path, respectively. Furtheljrcles; (2,1): triangles; and1,1): squares. The lines are guides to
averaging was carried out over 20 realizations of disortlerap-  ne eye.

domly distributed bulk vacancigsThe results correspond tb
=63 andW=35, while the fitted curve i$vDo)=0.2MN?. and largew is depicted in Fig. 7. It is readily noted that both

) ) ) ) the weak localization term and constdnfor the inverse of
result is compatible with those reported in Tabl@lthough  he square root of the critical flissharply decrease with.
no quantitative agreement is foundVe note that, in some  ajthough the results are nicely fitted by means of Eq.the
cases, the energy dependencevbf, may also give a con-  geyiation of the numerical results with respect to that equa-
stantb that decreases with the number of channels. In pargon which occurs at largeV (see abovgis already observed

ticular whenN,, becomes closer @/, the contribution of the - ¢4, =78 (note that the fitting closely follows the numerical
band center increases aibdbegins to decrease due to the gqits only up tob~1.5). The decrease df with N, is

sharp decrease of the mean free path and the electron velofysirated in Fig. 8 forN.,=W/2. The results can be satis-
ity nearE=0 (see, for instance, Ref. 27 o factorily fitted by means of the RMT resulsee caption of
The effects of the dot size on the weak localization peah:ig_ 8. On the other hand the weak localization term de-
were investigated fot in the range ol =27-137 and three  pends on the leads width in a way that has not been previ-
compmatlons of W,N¢p). Averages were identical to those ously anticipatedisee Fig. 9. At small W (or number of
mentioned in the preceding paragraph. The results are d@nannelsit increases as predicted by E@). However, be-
picted in Figs. 5 and 6. The weak localization terallf)  yondw=~0.2L it begins to decrease sharply reaching a value

shows a slight size dependence at smalbaturating forl.  gjightly larger than 0.05 fow=L. The fact that this value is
approximately larger than 5@ee Fig. 5. This indicates that

the smaller values od/b obtained in our calculations, with 100

respect to RMT, is probably not a size effect. The results for *

(W,Ncp)=(1,1) are slightly smaller than those fd®,1) //

surely due to the contribution of the band center in the first 80 - i

case. The results fql0,5 are larger than the other two, in y

agreement with RMT. On the other hand constainicreases 60 - ’ o

with L as expectefisee Eq(2)]: the numerical results can be - T

reasonably fitted by means of straight lines as shown in Fig. >, AT

6. The differences in the slopes is a consequence of the en- 40 ¢ e e i

ergy dependence discussed above. .o
In order to get rid as much as possible of the strong en- 20 | e - i

ergy dependence of the weak localization peak, we have car- ¢ e

ried out the study of the effects of the leads width at a fixed .

energy. We have chosdb= —2.001 (away from the band 0 0 5‘0 1(‘)0 150

center and bottojnwhich approximately correspond 8., L

=WI/2. We fixed the dot size dt=78 and varied the leads

width in the rangeN=4-78. The results are shown in Figs.  FIG. 6. Same as Fig. 5 for constantin Eq. (1). The fitted

7-9. The conductance versus the magnetic field for smabltraight lines are also shown.
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FIG. 7. Magnetoconductance as a function of the magnetic flux FIG. 9. Weak localization terfa/b in Eq. (1)] as a function of
(in units of their respective quanta 78X 78 chaotic cavities with  the leads widthV. The leads were attached at opposite corners of
leads of widthW = 4 and 78(squares and circles, respectively dots of linear sizd.=78. Chaoticity was induced by introducing
attached at opposite corners of the dot, as discussed in the texiulk vacanciegsee text The results correspond to averages over
Chaoticity was induced by introducirlg=78 bulk vacanciessee 1260 disorder realizationsy=4-78 and a fixed energg=
text). The results correspond to averages over 1260 disorder real-2.001. The line is a guide to the eye.
izations and a fixed enerdgy=—2.001 which roughly correspond

to Nen=W/2. The numerical results were fitted by means of @g. (1). Fitted parametersh(anda/b) are reported in Table II.

The results clearly indicate tha/b does not vanish ak
well below the RMT prediction0.25 suggests that a con- increases. The fact thdt is almost independent df is a
stant magnetic field within the dot does not introduce suffi-consequence of the dependencd o the ratioL/N, (note
cient randomization to switch the system from the orthogo+that by takingW=L and a fixed energy the number of chan-
nal to the unitary universality class. The effect is greatlynels is proportional td.).
enhanced as the system becomes more opém¢reases Finally we briefly discuss the effects of including the
To explore the possibility that the weak localization term magnetic field in the leads, which would likely be stronger
vanishes in the largk limit and strongly open systems, we for wide leads and large fields. The results are illustrated in
have calculated the magnetoconductance WL, E= Fig. 10 for cavities of linear size =78 and leads of width
—2.001 and_ in the range 30—126. The numerical results forW=L. The two calculationgwith or without field in the
magnetic fluxes in the range 0—1 were fitted by means of Edeads give very similar results for fluxes up & ~6, and
differ only at a quantitative level for larger fluxes. A possible
s5 reason for this similarity is that as the Green'’s function of the

whole system is calculated by means of Dyson equation, the
\ effect of the field spreads over the leads up to some distance,
20 ¢ ‘\\ . even if no magnetic field was explicitly included in the leads.
|
15 1 \\ | TABLE Il. Fittings of numerical results such as those of Fig. 3
\ by means of Eq(1) for L XL chaotic cavities with leads of widths
- \\. W=L attached at opposite corners of the dot, as discussed in the
10 - \ 7 text. Chaoticity was induced by introducihgvacancies within the
N e bulk. The magnetoconductance was obtained by averaging over
N, 1260 realizations of disorder and at a fixed enefgy —2.001
St TS e 1 (which roughly corresponds td.,=W/2).
.
0 ‘ ‘ e e e L G(0) b alb
0 10 20 30 40 30 6.50 0.66 0.058
Mot 42 9.34 0.89 0.051
FIG. 8. Constanb in Eg. (1) as a function of the number of >4 12.19 0.91 0.056
channels in the leadd,. Leads of widthw were attached at op- 66 15.04 0.76 0.070
posite corners of dots of linear site= 78. Chaoticity was induced 78 17.91 0.85 0.059
by introducingL bulk vacanciegsee text The results correspond 102 23.65 0.98 0.053
to averages over 1260 disorder realizatiohs: 4—78 and a fixed 114 26.49 0.87 0.054
energyE= —2.001(which roughly corresponds td.,=W/2). The 126 29.37 0.88 0.047

broken line is the RMT result obtained from E&) with k=15.
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0.4 . . IV. CONCLUDING REMARKS

0.2 ¢ A%, . Summarizing, we have presented a detailed numerical
Lat® , study of the effects of Fermi energy, leads width, and dot
size on the shape of the weak localization peak in quantum
2%, 0 0 chaotic cavities. The study was carried out on a model that
was recently proposed by Yfsvhich shows all the expected
cuv features of closed chaotic quantum billiards. Although the
04 ¢ “ 2e 4 conclusions of our investigation qualitatively agree with
a8 . most predictions of random matrix theory, some significant
-06 | 2 . differences have to be highlighted. We first note that our
results show that albeit the critical flux is proportional to the
-0.8 : ' ‘ square root of the number of open channels, as predicted by
0 5 10 15 20 RMT, the proportionality constant strongly depends on the
o Fermi energy in agreement with Efetov’s analy$isThis

FIG. 10. Magnetoconductance as a function of the magnetic fluintroduces a modefsystem dependence which makes theo-
(in units of their respective quantin 78x 78 chaotic cavities with ~ retical(experimentalcomparisons with RMT rather delicate.
leads of widthw= 78 attached at opposite corners of the dot, asOur results clearly illustrate the size dependence of the criti-
discussed in the text. Chaoticity was induced by introduding cal flux, in particular®.<1/\/L, in agreement with Efetov
=78 bulk vacanciegsee text The results correspond to averages results® and the RMT results reported in Refs. 16 and 17
over 1260 disorder realizations, a fixed eneigy —2.001, and  (note that this size dependence was not found in a previously
systems with(triangles or without (circles magnetic field in the published RMT study, see Ref. 1&inally, we have inves-
leads. The continuous line is a fitting, by means of 89, of the  yjpateq the effects of the leads width concluding that the
numerical results for fluxes in the range 0—1. L .

weak localization term sharply decreases with the rétic

This result has an important consequence: as from an expetrleaohlngl a value much s_mal!e_r th_an th_e RMT p_red|ct|on,
mental point of view neither of the two calculations is real- 2though it probably remains finite in the infinitelimit.

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 of ACKNOWLEDGMENTS

the two rather safely. The results of Fig. 10 also illustrate a

point raised above, namely, for largt' (wide lead$ the This work was supported in part by the Spanish CICYT
magnetoconductance follows Ed) only for small magnetic  (grants PB96-0085 and 1FD97-135&)seful discussions
fluxes?® with E. Cuevas and M. Orfumare gratefully acknowledged.

G(®)-G(0)

1C.M. Marcus, A.J. Rimberg, R.M. Westervelt, P.F. Hopkins, and*'Y.-C. Lai, R. Blimel, E. Ott, and C. Grebogi, Phys. Rev. L&,

A.C. Gossard, Phys. Rev. Le@9, 506 (1992. 3491(1992.
2A.M. Chang, H.U. Baranger, L.N. Pfeiffer, and K.W. West, Phys. ?R.A. Jalabert, H.U. Baranger, and A.D. Stone, Phys. Rev. Lett.
Rev. Lett.73, 2111(1994. 65, 2442(1990.

3R.P. Taylor, R. Newbury, A.S. Sachrajda, Y. Feng, P.T. Col-'3E. Louis, E. Cuevas, J.A. Vergeand M. Ortlin, Phys. Rev. B
eridge, C. Dettmann, Ningjia Zhu, Hong Guo, A. Delage, P.J. 56, 2120(1997.

Kelly, and Z. Wasilewski, Phys. Rev. Left8, 1952(1997. 147 Pluhar, H.A. Weidenrier, J.A. Zuk, and C.H. Lewenkopf,
4A.S. Sachrajda, R. Ketzmerick, C. Gould, Y. Feng, P.J. Kelly, A.  Phys. Rev. Lett73, 2115(1994); 74, 1258(1995.

Delage, and Z. Wasilewski, Phys. Rev. L&0, 1948(1998. 5 u. Baranger and P.A. Mello, Phys. Rev. Lef8, 142(1994.
SH.U. Baranger, R.A. Jalabert, and A.D. Stone, Phys. Rev. Lett!®K.M. Frahm and J.-L. Pichard, J. Phys5,877(1995.

70, 3876(1993. 177. Pluhar, H.A. Weidenriler, J.A. Zuk, C.H. Lewenkopf, and
6X. Yang, H. Ishio, and J. Burgdfer, Phys. Rev. B52, 8219 F.J. Wegner, Ann. PhysN.Y.) 243 1 (1995.

(1995. 183 A. Vergs and E. Louis, Phys. Rev. 59, R3803(1999; E.
7C.W.J. Beenakker, Rev. Mod. Phyg9, 731(1997. Louis, J.A. Vergs, and E. Cuevasbid. 60, 391 (1999.
8T. Guhr, A. Miller-Groeling, and H.A. Weidenniler, Phys. Rep.  1°E. Cuevas, E. Louis, and J.A. VémePhys. Rev. Lett77, 1970

299 189(1998. (1996.
9P.A. Lee and T.V. Ramakrishnan, Rev. Mod. Ph$3, 287  2°Y.M. Blanter, A.D. Mirlin, and B.A. Muzykantskii, Phys. Rev.

(1985. Lett. 80, 4161(1998; V. Tripathi and D.E. Khmelnitskii, Phys.
10K, Efetov, Supersymmetry in Disorder and Chat@ambridge Rev. B58, 4161(1998.

University Press, Cambridge, 1997 213.A. Verges, Comput. Phys. Commui18 71 (1999.

115310-7



E. LOUIS AND J. A. VERGES PHYSICAL REVIEW B63 115310

22E. Cuevas, E. Louis, M. Ortimp and J.A. Vergs, Phys. Rev. B (until a maximum flux at which edge states begin to depopulate
56, 15 853(1997; J.A. Verge, E. Cuevas, M. Orilo) and E. However, this difference is unimportant in the present case as
Louis, ibid. 58, R10 143(1998. we are interested in the low-field behavior.
23E. Louis and J.A. Verge Phys. Rev. B51, 13 014(2000. 26Just at the band center the results indicate that the magnetocon-
?4s. Datta, Electronic Transport in Mesoscopic Systerf@am- ductance decreases as a function of the flux, i.e., there is no
” bridge University Press, Cambridge, 1995 weak localization effectsee also Sec. Ill A Due to computing
At large fields the behavior of the conductance may strongly de-  |imjtations we have not been able to check whether this result is
pend on the model. For bulk disord@ghe case considered hgre a size effect.

the contribution of edge states is strongly reduced and, as &p, Sheng|ntroduction to Wave Scattering, Localization, and Me-

conseque.nce, thg ponductance decrea_ses while in the F:ase of soscopic Phenomerfécademic Press, New York, 1995
surface disorder it increases as a function of the magnetic flux

115310-8



