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Classical chaotic motion




Classical chaotic motion

Heénon-Heiles potential:

V(z,y) = 5(z° +y*) + 2%y — 3y° = 5r° + 377 sin(30)




Poincare section:
values of y & y when x=0
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Billiard systems
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Billiard systems

Integrable:
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QUANTUM MECHANICS




QUANTUM MECHANICS

Given a hamiltonian H,
we find its

EIGENVALUES
and

EIGENSTATES:

H|a) = E,|a)




QUANTUM MECHANICS

Given a hamiltonian H,
we find its

EIGENVALUES
and

EIGENSTATES:

H|a) = E,|a)

Then
;) = E Ca g Eal/l a)

(0




Do chaotic systems

have any
QUANTUM signatures

?




Do chaotic systems

have any
QUANTUM signatures

?

Yes!




Energy eigenvalue statistics:

S = nearest neighbor spacing

P(s) =7
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Integrable system: P(s) ~ e~ *
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Chaotic system: P(s) ~ s’e™*
B=1,24




Energy eigenvalue statistics:

P(s) =7

Integrable system:

Chaotic system:

S = nearest neighbor spacing

P(s) ~e™*

2

P(s) ~ sPe*
=124

Wigner-Dyson distribution
Random Matrix Theory
GOE, GUE, GSE




Example:




Example:

Ball bouncing on a tilted floor
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Example:

Ball bouncing on a tilted floor

~,

e’

integrable if o < 45°

chaotic if o > 45°

Szeredi & Goodings ‘93




Quantum level spacings:

1.5 2 25 3 35 4
S

Szeredi & Goodings ‘93




Level spacings in nuclei:

T 1

Poisson NDE
1726 spacings




Quantum energy eigenfunctions

N
P(x) = ) Ajelo™
j=1




Quantum energy eigenfunctions

N
Y(x) =) Ajelo™
j=1

Berry’s random wave conjecture:
A /’s are gaussian random

Berry ‘77




Random waves: Cardioid billiard eigenfunction:
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Dilute gas in a box:




Let A=aql a,

P




Let’s compute

Ap = (| Aldy)
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Let’s compute

Ay = (W] Aty
|¢%>:ZZEE:<%x€_¢Eat|O»
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Let’s compute
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Let’s compute

Ay = (W] Aty
|¢%>:ZZEE:<%x€_¢Eat|O»
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Shnirelman’s theorem:

(a|A|a) — classical, microcanonical average of A
+O(h'/?)

if system is chaotic and A = A-independent operator




Shnirelman’s theorem:
(a|A|a) — classical, microcanonical average of A

+ O(hY/?)

if system is chaotic and A = A-independent operator

But all we will need is

(| Ala) = O(R"), varies smoothly with E,

which follows from the random-wave conjecture







It AE is “small”, then

A= "|ca|*Ana is independent of the ¢,’s
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It AE is “small”, then

A= "|ca|"Ana is independent of the ¢,’s

So let |co|? = Boltzmann weight

— AL~ N12F

— A = (A)y for all ¢,’s with “small” AE

== ' eigenstate thermalization”

Deutsch 91, M.S.’94




Review:

A, = Z ca | Aaa + Z e ei(EO‘_Ef‘)tAag
B

o




Random wave conjecture ==>

A.p = (a]A|B) varies erratically with o and (3

O(h") = (a|(A=(A))*|) = D _ (ol AIB){BIA|e)
B#a

= |Aasl?

B

~ p(E) [Aap]?

~ (=1 WWAE

Ay ~ BED/2 L =SB/




Ay = Z |ca|2Aaa + Z e ei(E“_Eff)tAag
fa
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Ay = Z |ca|2Aaa + Z e ei(E“_Eff)tAag
a BFa




“A quantum Newton’s cradle”:

Kinoshita, Wenger, & Weiss (20006)
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Numerical investigations:

O

Initial

Rigol, Dunjko,

& Olshanii (2008)

— Relaxation
dynamics

{ — Diagonal

- = Microcanonical
— Canonical

100
tJ

Non-integrable

Diagonal/
Microcanonical

| - — Eigenstate a

— =—Eigenstate b




Integrable

—— Diagonal

- - - Microcanonical
- — Eigenstate a
— - Eigenstate b

k [2m/(L,a)]

Rigol, Dunjko, & Olshanii (2008)




—p— .
— Conclusions:
—

QUANTUM CHAOS
-

“eigenstate thermalization”

—)
' STATISTICAL MECHANICS !
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Behavior of near-integrable systems !

Eigenstate thermalization threshold ?

Alternatives to eigenstate thermalization !













