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Effect of spectral fluctuations on conductance-peak height statistics in quantum dots
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Within random matrix theory for quantum dots, both the dot’s one-particle eigenlevels and the dot-lead
couplings are statistically distributed. While the effect of the latter on the conductance is obvious and has been
taken into account in the literature, the statistical distribution of the one-particle eigenlevels is generally
replaced by a picket-fence spectrum. Here we take the random matrix theory eigenlevel distribution explicitly
into account, and observe significant deviations in the conductance distribution and magnetoconductance of
closed quantum dots at experimentally relevant temperatures.
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The universal statistical fluctuations observed at the low- In this Brief Report, we discuss the effects of spectral
energy part of the spectrum of quantum systems whose afiuctuations of the RMT one-particle eigenlevels on the sta-
sociated classical dynamics are chaotic can be described ligtical distributionP(G™®) and the weak-localization cor-
random matrix theorfRMT). This type of description can rection a. Previous works* "9t generally considered a
be justified for diffusive quantum dots and quantum dotspicket-fence spectrum, i.e., a rigid level spacing between
with irregular shapes? which makes quantum dots a par- successive eigenlevels in the quantum dot, for the calculation
ticular example for the study of RMT fluctuations. While in of the conductance. This ignores the effect of spectral eigen-
open quantum doteévhich have a strong dot-lead coupling level fluctuations. The picket-fence spectrum is a good ap-
the effect of the electron-electron interaction is mostly nejproximation for both very high temperatures and very low
glected, this interaction leads to the Coulomb blockade inemperature$,and a comparison d?(G™®) with full RMT
closed quantum dotésee Ref. 3 for a review The low-  statistics and a picket-fence spectrum without spin degen-
temperature conductance is heavily suppressed due to tleacy at three temperatures showed only minor deviatons.
large charging energy required to add an electron to the In the Brief Report, we study the full RMT statistics in
quantum dot, except for the Coulomb blockade peaks atietail with and without spin-degeneracy, and find significant
which the potential of the quantum dot is adjusted such thatlifferences compared to the picket-fence spectrum, in par-
N andN+1 electrons in the dot have the same energy. Theicular in an experimentally relevant regimgT=<A. The
RMT approach® successfully describes the mesoscopic flucspectral fluctuations lead to lower valuesmthan 1/4, such
tuations of these Coulomb blockade peaks, i.e., the statisticghat this value is not universal, even in the absence of any
distribution of their heighP(G™) and its dependence upon dephasing mechanism. One therefore has to be careful while
a magnetic field.On the other hand, recent improved experi- usinga as a probe for dephasing in this temperature regime.
ments showed significant deviations from the RMT predic- Within the constant interaction model, the conductance of
tion, suggesting that interaction effects beyond charging quantum dot is given by the formdfa
should be considered as well. In particular, dephasing of
single-particle states due to interactions modifies the conduc- s @ LR

tance peak height statisticsee Refs. 1 andGZ, and references g= lf_T . % Pe N)P(E|N)[1—f(E;{— n)],
therein. In a recent experiment, Patet al.’ found that the iN=1 [ +T
statistical distribution has a smaller ratio of standard devia- 2

tion to mean peak height(G™®)/(G™®) than predicted by
RMT,” and attributed this to dephasing effects. In anothemherel'-® is the tunneling rate between thi one-particle
experiment, Follet al® measured the change of the conduc-eigenlevel of the dot and the lefight) lead, PedN) is the
tance in a magnetic fielB, equilibrium probability of findingN electrons in the dot with
the Coulomb blockade allowing fad and N+ 1 electrons,
(G~ (GMaY P(E;|N) is the canonical probability to have the levebc-
a= B#0 B=0 (1)  cupied given the presence Nifelectrons in the dot, ant{ E)
(G™N 540 is the Fermi function at the effective chemical potential
which includes the charging energy. In a typical experimental
as a probe of dephasing times. This is the closed dot analcgjtuation, the charging energy is much larger than the tem-
of the weak-localization magnetoconductance which hagberature, and thus only one term contributes to the sum over
proven to be an effective measure for open dots dephasiny. In Eg. (2), FiL(R) is Porter-Thomas distributed in the
times? It was pointed out that = 1/4 as long as the transport Gaussian orthogonal ensemB@OE) and Gaussian unitary
is dominated by elastic scatterifi¢’ Therefore, any devia- ensemblg GUE) without and with a magnetic field, respec-
tion of the measured from 1/4 was considered an indica- tively, and the eigenlevel energids obey the respective
tion for dephasing. RMT distribution? In contrast, the picket-fence spectrum
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hasE,;=E,;_;=iA in the case of spin degeneracy afd 7
=iA/2 without spin degeneracy. The first term in the sum 4|
I'FTR/(TE+TFR) depends only on the eigenfunctions of the
dot, and thus is uncorrelated with the spectrum within the
RMT approach. The ensemble average of this term in the _4}
absencdGOE) or presencéGUE) of a magnetic field is

IR 1/4 GOE ; 21

rt+rR/ /|13 GUE. & |
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9 9

This yields the valuer=1/4 if the weightsP(E;|N) are the
same for both ensembles. This should be the case in the
low-temperature regimé&gT<<A, since only one levek, FIG. 1. Probability distributionP(g) of the dimensionless
contributes with maximal weigh®(E;|N)~ 5. In general, closed dot conductanog defined byG™=(e%/#) (AT /ksT)g at

the main contribution to the sum comes fra@(kgT/A) kgT=0.2A in the presence of spin degeneradsft: GOE; right:
levels around the Fermi energy which gives the same contriGUE; solid line: RMT spectral fluctuations; dashed line: picket
bution at large temperaturégT> A for the GOE and GUE, fence.

implying = 1/4 in this regime as well.

However, forkgT<A, the probability to have more than G™® s reduced and the probability to have an intermediate
one level in an energy windoWg T around the Fermi energy G™is enhanced. The reason for the reduction is that a very
is increased for the RMT eigenlevel distribution compared tdow G™ requiresI'" or 'R in Eq. (2) to be low. RMT
the picket-fence spectrum. These additional levels enhanaspectral fluctuations enhance the contributions from nearby
the conductance. Since there are more nearby levels for thevels, which typically do not have a low value Bt(® at
GOE case, due to the weaker level repulsion, the GOE cornthe same time. Thus the peak positionwofs shifted toward
ductance is enhanced more, amds suppressed. a nearby level, and the conductance occurs through both lev-

A second important effect is the optimization of the els. Notably, the effect of phase-breaking inelastic scattering
chemical potential for the Coulomb blockade peak. This efprocesses leads to similar chan@ﬁes.
fect was generally ignored, as it is technically cumbersome Deviations ofa from the “universal” value 1/4 have been
to consider, and is not significant for both very low and veryinterpreted as being a result of dephasing. While dephasing
high temperatures. Disregarding this effect means that @ould certainly suppresa, we note here that in the regime
theorist optimized the chemical potential with respect to thec,T<A the effects of spectral fluctuation discussed above,
averaged conductance, instead of optimizing for every realead to a similar effect. In Fig. 2 we present results doas
ization as in the experiment. Whenever there is a nearby function of the scaled temperatukgT/A, for both, the
level, the position of the peak is shifted to optimize the con-gpin-degenerate spectrum and the case of broken symmetry.
tribution from both levels. Typically, a level with very low while the effect seems to be small, one should keep in mind

tunneling ratesand, thus, a suppressed conductance peakhat, in the low-temperature regime, even very strong
would be significantly enhanced by contributions from its

neighbors. If the tunneling rate of a neighboring level is 0.25
much higher, the peak positign™® is shifted toward it. As
the distribution of level spacings is different depending on

the existence of a magnetic field, this enhancement mecha- 024
nism is again more effective in the absence of a magnetic
field (GOE), where probabilities of small spacing and of 023 |

small conductances are higher. Thus this effect, which was
neglected in Ref. 12, suppresse®ven further. While these
eigenlevel fluctuations lead to a suppressionagfanother 0.22 |
mechanism, i.e., the exchange interaction not considered in
the present paper, tends to increas¥

We evaluated the surt®) numerically by drawind"
from the Porter-Thomas distribution aiigl according to the
\iVlgner-Dyson dlstr|but|o_n. Levels within a Wlndo_w of 0'2%.00 020 040 060 o080 100
+4kgT around the Fermi energy have been taken into ac- ETIA
count and the Fermi energy in Eq. (2) has been adjusted to 2
yield G™* for every realization. FIG. 2. Magnetoconductancer vs kgT/A for the spin-

Figure 1 compares the probability distributi®(G™)  degenerate caselashed ling and without spin degeneradgolid
for a picket-fence spectrum vs. the full RMT level statistics. line). Taking into account the RMT spectral fluctuationsjs re-

As explained above, RMT spectral fluctuations enhance théuced from its “universal” valuex=1/4, in particular in the ex-
conductance. In particular, the probability to have a very lowperimentally relevant regime Q\k kgT<<0.8A.

L(R) 0.21 |
|
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dephasing does not suppressio zero!® and thus the cor- ent from 1/4 and, moreover, turns out to be temperature de-
rection due to spectral fluctuations is comparable with opendent even in the absence of dephasing. At low tempera-
even larger than the effect of dephastfig: One should tures,« is reduced tax~0.2, which can be below the lower
therefore cautiously use as a probe of dephasing in this limit of a picket-fence modelvith dephasing. This should
regime. In particular, the suppression @fbelow 1/4 ob-  also be taken into account while analyzing the ongoing ex-
served in Ref. 8 atgT<<A can be explained by the effect of periments aimed at measuring dephasing times in closed dots
spectra! fluctuations of the RMT eigenvalues, without anyj the low-temperature regimesT<A. Finally, we would
dephasing at all. like to note that during the completion of the Brief Report

_ Inconclusion, we have shown that RMT spectral fluctua-gome of the results have been independently arrived at in
tion effect the probability distribution functio®(G™),  Ref 15

leading to non-negligible deviations in measurable quantities

in the regime 0.A<kgT<0.8A. In particular, the weak- We acknowledge helpful comments from H. Baranger and
localization correctiorv, which was recently used as a probe G. Usaj. This work was supported by ARO, DARPA, and the
of dephasing in closed quantum dots, is affecteds differ-  Alexander von Humboldt foundation.

1Y. Alhassid, Rev. Mod. Phys72, 895 (2000. 8J.A. Folk, C.M. Marcus, and J.S. Harris, Jr., Phys. Rev. L&t
2|.L. Aleiner, P.W. Brouwer, and L.I. Glazman, Phys. R&58 206802(2001).

309 (2002. 9A.G. Huibers, M. Switkes, C.M. Marcus, K. Campman, and A.C.
3M.A. Kastner, Rev. Mod. Phys54, 849 (1992; L. P. Kouwen- Gossard, Phys. Rev. LetB1, 200 (1998; A.G. Huibers, J.A.

hoven, C. M. Marcus, P. L. Mceuen, S. Tarucha, R. M. Weter- Folk, S.R. Patel, C.M. Marcus, C.I. Durgoand J.S. Harris, Jr.,
velt, and N. S. Wingreen, itMesoscopic Electron Transport 83, 5090(1999.
edited by L. L. Sohn, L. P. Kouwenhoven, and G. Sch@€ln- 10C.W.J. Beenakker, H. Schomerus, and P.G. Silvestrov, Phys. Rev.

wer, Dordrecht, 1997 B 64, 033307(2001).

4A. Jalabert, A.D. Stone, and Y. Alhassid, Phys. Rev. L68.  'E. Eisenberg, K. Held, and B.L. Altshuler, Phys. Rev. L&8,
3468(1992. 136801(2002.

SA.M. Chang, H.U. Baranger, L.N. Pfeiffer, K.W. West, and T.Y. *?See V. Alhassid, M. Gikcedag and A.D. Stone, Phys. Rev. B3,
Chang, Phys. Rev. Let?6, 1695(1996; J.A. Folk, S.R. Patel, 7524 (1998; Full RMT level fluctuations have also been taken
S.F. Godijn, A.G. Huibers, S.M. Cronenwett, and C.M. Marcus, into account in the quadrature approximation by R.O. Vallejos,
Phys. Rev. Lett76, 1699(1996. C.H. Lewenkopf, and E.R. Muccioldbhid. 60, 13 682(1999.

6S.R. Patel, D.R. Stewart, C.M. Marcus, M. Kgedag, Y. Alhas-  *C.W.J. Beenakker, Phys. Rev.4, 1646(1991).

sid, A.D. Stone, C.I. Durim and J.S. Harris, Jr., Phys. Rev. Lett. 1*G. Usaj and H. Barangdprivate communication

81, 5900(1998. 15T, Rupp, Y. Alhassid, and S. Malhotra, Phys. Rev6® 193304
Y. Alhassid, Phys. Rev. B8, 13 383(1998. (2002.

033308-3



