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Effects of symmetry breaking on statistical properties of near-lying acoustic resonances
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Statistical properties of acoustic modes in quartz blocks, measured recently by Ellega&idPhys. Rev.
Lett. 77, 4918 (1996, are compared with predictions of a random matrix ensemble that incorporates the
approximate point-group symmetry of the samples. We observe close agreement between the nearest-neighbor
acoustic mode spacing distributions and level spacing distributions predicted for the corresponding matrix
ensemble. The single symmetry-breaking parameter of the random matrix ensemble is seen to scale with the
size of the symmetry-breaking deformation of the quartz sanitE063-651X97)13110-5

PACS numbgs): 62.30+d, 02.20.Df

Statistical properties of near-lying acoustic modes, sucliic statistics of the quartz blocks, nor any connection
as the distribution of spacings between mode frequenciedetweenA andr. Here we show that the nearest-neighbor
have been shown to be well described by the Gaussian ogigenmode spacing statistics of the samples follow predic-
thogonal ensembl¢GOE) [1,2]. Recently, however, Elle- tions of E(A) quite well by comparing results reported in
gaardet al. [3] demonstrated that acoustic mode statisticsRef. [3] with an analytical prediction folE(A) [8], and
differ from GOE predictions for quartz blocks whose point- thereby observe a relation betwe&nandr.
group symmetry is broken. This development is reminiscent The random matrix ensemb(A) consists of matrices
of the early studies of energy-level statistics of complicatedd =Hy+V, whereH, is block-diagonal, here two blocks for
guantum-mechanical systems. Several decades ago, Roseftze two-fold symmetry, each a member of the GOE;
weig and Porter observed, upon analyzing level spacing dissouples the blocks, breaking the symmetry. Level statistics
tributions for families of transition-metal atoms, that symme-of E(A) vary with A = €2p?, wheree? is the variance of the
try breaking due to spin-orbit coupling leads to deviationsrandom elements of, andp is the density of eigenmodes.
from GOE predictiong4]. Random matrix ensembles mod- Equation(10) of Ref.[8] provides a very close approxima-
eling quantum systems with broken symmetry have sincéion to the nearest-neighbor level spacing distribution
been the focus of a number of studjds-8]. While the spec- Pg(S;A) of E(A). For the guartz samples, whek, con-
tral statistics predicted by these matrix ensembles agree wdlists of two blocks of the same dimension, the level spacing
with results of numerical studies of model quantum systemslistribution reads
[9], comparisons with experiment have been limited to rather
small numbers of levelgl0]. Ellegaardet al.'s data[3] pro-
vide, for the first time, a sizable set of experimental levels ] —ea
with which to compare predictions of random matrix models PS(S'A):CNCD< w321,
that incorporate point-group symmetry breaking. It is impor-
tant to remark that the quartz blocks more closely resemble T e (w1613 ot ﬁ S
scalar pseudointegrable systems than chaotic [Bjewhich + € orer Co
limits the range of levels whose statistical properties would
be shared by those of the matrix ensembles. The acoustic
modes of the quartz blocks are expected to be statisticallwherel, is a Bessel function, and, andcy are set so that
indistinguishable from energy levels of quantum “chaotic” (S)=1 andPg is normalized, respectively. Equati¢b) fits
systems with broken symmetry over distances of a few meanumerical results oP5(S; A) for the ensembl&(A) defined
level spacing$3]. above closely over the range=0 to A~0.35[8], at which

The quartz samples analyzed in REJ] possess an ap- Pg(S;A) is already difficult to distinguish frorPg(S) in the
proximate twofold “flip” symmetry about one axis. Flip GOE limit. In Ref.[3], nearest-neighbor eigenmode spacing
symmetry of the quartz block was broken by removing adistributions were plotted for several valuesrofFigure 1
small piece of radius from the sample. If =0, due to flip compares a fit of Eq(1) to three distributions shown in Fig.
symmetry, statistics of near-lying eigenmodes correspond t@ of Ref.[3]. The distributions for the acoustic mode spac-
those of two randomly superposed sequences of GOE levelsigs are seen to compare well with those #fA), with
Sufficiently larger breaks the symmetry so that acoustic Pg(S;A) from the experimental data closely following the
mode statistics resemble those of the GOE. For smaller predicted distributions; only for the small@r is the maxi-
Ellegaardet al. showed that the eigenmode statistics were ofmum in Pg(S;A) apparently slightly higher than predicted.
intermediate character, and proposed a random matrix er=or the distributions plotted in Ref3], corresponding to
semble to model the quartz samp[8% That ensemble, here r=0, 0.5, 0.8, 1.1 and 1.4 mm, we findl to be 0.0013,
called E(A), where A is the symmetry-breaking param- 0.0054, 0.0096, 0.0313, and 0.0720, respectively. iThe
eter, was analyzed in earlier studigs7,8. Ref. [3], how- 1.7 mm distribution is also plotted in Fig. 2 of R¢8]; this
ever, provided no comparison betweefA) and the acous- distribution appears similar to that plotted for a sample with
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- 0 A 03 1 FIG. 2. Points are values of the symmetry-breaking paranteter
EO_, of the random matrix ensemble, obtained by fitting Ep.to the
0 distributions of nearest-neighbor acoustic mode spacings reported
in Ref.[3] for several values of the experimental paramatefihe
0.8 . curve is a best fit ofA using the formA=a+br* (a=0.003 and
\ b=0.018 mm 4.
4 . r=14mm )
o4 /' '\ A = .072 expecte~r?, or A~r%. The data reflect this scaling. Ne-
4 \\ = glecting ther=1.7 mm distribution, already close to the
A GOE limit as noted above, we see that the distributions for

the otherr fitto A=a-+br*, with a = 0.003 ancb = 0.018

mm~*4, which is shown in Fig. 2. Thaa+0 reflects slight
1 2 3 S differences between statistics of two superposed GOE levels,

. . . ~_and the mode spacing distribution for0 plotted in Ref.

FIG. 1. Fit of Eqg.(1) to three eigenmode spacing distributions [3]. Using this fit for A, we can estimate the coupling

from Ref.[3] (histograms Dashed curves in the top and bottom betweerr =0 modes; e.g., singe~ 4.7 kHz 1 [3], e~ 0.03

plots result from, respectively, two superposed independent GO Hz whenr =1 mm. Still lacking is a more complete theo-
sequences and one sequence, the former corresponding to con-. . .

retical relation betweei(A) and the samples, as obtained
served symmetry.

for quantum systems with approximate point-group symme-

no apparent twofold symmetry. The latter two distributionstrles [9].

fit to A=0.113 and 0.138, respectively. Comments from Professor R. L. Weaver and support from
We now consider how the experimental symmetry breakNSF Grant No. CHE 95-30680 under the direction of Pro-

ing parameter and the matrix ensemble parameterare  fessor P. G. Wolynes are gratefully acknowledged. The au-

related. Since the acoustic resonance densitylargely in-  thor thanks the Department of Chemistry, Bilkent University,

dependent of smatl, A varies withr throughe. Mode cou-  Ankara, Turkey, for its hospitality during a visit when part of

pling occurs at the surface of the quartz block, and we thushis work was done.
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