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Quantum chaosi general concepts
U Classical Mechanics Regularvs Chaoticmotion

U Quantum Chaos the study of thejuantumbehavior of
classically chaotic systems

Some main differences:
A linearY no chaotic behavior
A uncertainty principle(trajectories loose their meaning)

Type of quantum systems:

A Time-dependent(M-spatial dimensions + time), e.g. tkieked rotator
A Time-independen{M-spatial dimensions), e.qgilliards
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General properties of the level repulsion in spectra

Brody et al. Rev. Mod. Phy83(3) 385480 1981
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Classical

trajectories:

Quantum
statistics:

Time-independent systems Billiards

Statistics of probability distributions of neighboring energy level spa
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Time-dependent systems Kicked Rotator (1)

Classical dynamics H ="+ K6&p(t) cosf

Chaot]c motion leads to diffusive growth in the kinetic enerfy; = Kzn/4
via theHeisenberg operatora/ith the commutation relation

N~

[pdl=-1 K
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Time-dependent systems Kicked Rotator (lI)

In orderto studyhowthelocalizationaffectsthe statisticalpropertiesof the quasienergy
spectra we usethe model'srepresentatiowith afinite numberN of levels

N
Un(t+T)= > Upnthm(t), n,m=1,2,.,N.
m=1

Thefinite symmetricunitary matrix U, determineshe evolutionof a N-dimensionalector

(Fourier transformof y) of themodel ]2
1T

U, »n = Grm' Bnrm' Gnrm,, _ (A ’
odd parity basis «— " Z ”Im , vm IyG” exp ( 1 ) ou
(nl —I—m')

n'm’
27l e 1k cos 27l
X —
ON +1| P ON + 1

1 2! 27l
Buwm = 58717 2 {COS [(n —m) 2N-|-1]
Phase spac infinite (cylinder)pf(-D, 4,8¢ (,2), eigenvaluesyY complex unit circle
(U: unitary Floquet operatorypectrum of the eigenphase.Y continuous or discrete

— COS

=1
dependingon the #'r/g,g=2N+1,rY posi ti ve i n| <p? : /‘

Ar/q rational : continuousspectrumy ballistic motion

Ar/q irrational : discrete (finite)spectrum I<p
Y Dynamical (Chirikov) Localization

(quantum suppression of classical diffusion)
Y Anderson localization(like for 1D solids with disorder

2 :classical

quantum ¢
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Diffusion, transport & accelerator modes

MT & M. Robnik (2013)Phys. Rev. BB7 062905
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diffusion coefficientD,.
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Anomalous diffusion:

due to thaegular islands of stability_
ASuperdiffusive (1<e<2) transport
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Quantum

stabilization

both of the
stable motion
inside the main
resonance anc
of the motion

in the

vicinity of the

separatrix.

1.0
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Different regions of the behaviour of the quantum kicked rotator as a
function of the values of the classical) and quantum (k) parameters

|zrailev FM, Phys. Rep.196, 299392 (1990)

Quantum | Pure quantum
stabilization diffusion in the
of classical classically chaotic
chaotic region.
motion.
Full correspondence
between quantum and
classical diffusion
(on the finite time
scalet<t ).
Semiclassical region below the
classical global stability border.
1,0

The semiclassical approach is valid
only inside the main nonlinear resonange.
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! Intermediate Statistics: Brody or Izrailev? F

Brody PDF: ‘PBR(S) = (15" exp (_C2SB+1)‘

Arather simple expression

Cr=(B+1)Cs
Awrong limit forb = 1 and large spacings>>1 B+1
C r B+ 2
2 = —
Anot valid forb > 1 (e.g. GUE & GSE) 8+1
|zrailev PDF: 1
Arather complicated expressia 5 = 4 (5
Acaptures bette 10
Avalid forb=1,2 & 4 0.8}
06
Normalization conditions: =
- o 0.4
C,AY /0 P(s)ds =1 hal
0.0k

C,BY / sP(s)ds =1
0
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Quasienergy spectrum and statistical properties

Bat iBs,MT & M. Robnik (20
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