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» periodic orbits come in bunches

Sieber/Richter 2001

encounter:

stretches close up to time reversal
reconnection leads to partner orbit

with similar action
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Quantum chaos

Chaotic systems show universal
spectral statistics

Bohigas, Giannoni, Schmit(1984);
Casati et al. (1980); Berry (1987)
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Quantum chaos

e.g.. correlation function of level density

Rle) = (p(E+el2)p(E-el2))-1
_ 912;(.+-)(%)
. 1 I coefficients depend

non-oscillatory  oscillatory ~ only on symmetry!
Why universality ?
due to interference in periodic-orbit bunches

semiclassical approximation requires care
(generating function, Riemann/Siegel lookalike)
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Semiclassics

A(E) should be real for real E !

= Resummation (Berry & Keating)

(Z over pseudo-orbits >TH/2) = (Z over pseudo-orbits <T',/2 *

Riemann-Siegel lookalike
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Generating function

A(E+y)A(E—5)
AE+0)A(E—B)

_ GrilatBy=3)i2 Z FAFZFCF;ei((SA+SC)—(SB+SD))/h.”

7 =

Weyl factor sum over pseudo-orbits 4,8,C,D (T,,T,<T,[2)

+ y—>—5,5—>—y]

Weyl factors — 1 or ¢ as «f,y,0-¢l2

need small action differences
AS = (S,+S.) — (S,+S,)
== bunches!
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A

(A,C) contain
same orbits as (B,D):

oy %)%
7 o ity y+P

leading term of RMT result



Bunches with encounters



Bunches with encounters




Bunches with encounters




Bunches with encounters

— ==
—_—
S

Full agreement with random matrix theory



Beyond universality



Beyond universality

Diagonal approximation:



Beyond universality

Diagonal approximation:

7 o sy (048) (y+h)




Beyond universality

Diagonal approximation:




Beyond universality

Diagonal approximation:

=
=
-+
=
5
=
g
|
=
=
(-
—
S
X
|
<
+-
—
=t

/ ~e

(s =) [F e =exp( [F fe ™)
A a




Beyond universality

Diagonal approximation:

7~ Griehy=d C(—i(a-l-(S)/ﬁ)C(—i(y-l-ﬁ)/ )

N—

\
=t

e

C(s)_lzz ‘FAze_STA:exp(Z Faze_ST“) dynamical zeta function

4 a




Beyond universality

Diagonal approximation:

7 ~ eni((x+ﬁ—y—5) C(_Z(O(+5)/h)g(_l(y+ﬁ)/ )

N—

\
=t

e

C(s)_lzz ‘FAze_STA:exp(Z Faze_ST“) dynamical zeta function

4 a

agreement with Bogomolny & Keating



Beyond universality

Diagonal approximation:

i Ll S iy
T ey
C(s)_lzz ‘FAze_STA:exp(Z Faze_ST“) dynamical zeta function

agreement with Bogomolny & Keating

* finite h



Beyond universality

Diagonal approximation:

i Ll S iy
O gy
Z,’(s)_lzz ‘FAze_STA:exp(Z Faze_ST“) dynamical zeta function

agreement with Bogomolny & Keating

* finite h

* long wires



Beyond universality

Diagonal approximation:

- g SOy
C iy T
C(s)_lzz ‘FAze_STA:exp(Z Faze_ST“) dynamical zeta function

agreement with Bogomolny & Keating

* finite h

diffusion time
Heisenberg time

* long wires C(S) oC \/E sinh(const&
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Conclusions

Chaotic systems display universal
spectral statistics.

* Interference inside bunches of periodic orbits

e Semiclassical approximation:
use generating function, Riemann/Siegel

* Analogy to sigma model

Deviations from universality accessible
as well.



Conditions

* hyperbolicity == existence of bunches

* mixing
universal result

 semiclassical limit
guantum time scales >> classical time scales

 no other orbit correlations
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