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Introduction

Chaos

Classical Mechanics Quantum Mechanics

Yo) [tho)
characterizes the rate of separation

of infinitesimally close trajectories d (w ()> : | QZO> ) — | <¢0 ‘ 1;0> | 2

(1) = | (o (1) (1))
= |(olU"T |0} = d(0)

So d(t) = d(O)




Introduction
In 1984 A. Peres proposed:
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Introduction

M (t) = [{o|UU |tpo)|?

This quantity is important for studies in:

* Quantum chaos

o Quantum computer and quantum information
« Mesosocopic physics

« Decoherence

« Quantum phase transition

« Experiments: NMR, Elastic waves, microwave billiards



Introduction

NMR Pastawski 2000

M, (arb. units)

Microwave cavity PRL 05 Stockmann S

o Electromagnetic cavity: equivalence of
Helmholtz and Schrodinger eq. 200 mm

Elastic waves Lobkis PRL 03

'

PC w DAQ

N

putser [ reed relay k”

vyacuum
\ J




Introduction
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M (t) = (o] U Ulbo) |

Regimes of the Loschmidt echo:
« Time regimes

o Initial condition

T. Gorin, T. Prosen, T. H. Seligman, and M. Znidaric (2006)
Ph. Jacquod and C. Petitjean (2009)
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Time regimes:
» Short times: gaussian decay
- Exponential decay

» Saturation (1/N)
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Introduction

Perturbation regimes:

» Gaussian regime H( 6) — HO + € V

« Lyapunov regime

V >A PLDOS > A\
exp(—atQ) exp(—I'Lpos t) exp(—At)

>

€
I'Le = min(I'Lpos, A)



Introduction
Local density of states

or ‘the strenght function’

ANNALS oF MATHEMATICS
Vol. 62, No. 3, November, 1955
Printed in U.S.A.

CHARACTERISTIC VECTORS OF BORDERED MATRICES
WITH INFINITE DIMENSIONS

By EvuGene PP. WiaNER
(Received April 18, 1955)
Introduction

The statistical properties of the characteristic values of a matrix the ele-
ments of which show a normal (Gaussian) distribution are well known (cf.
[6] Chapter XI) and have been derived, rather recently, in a particularly elegant

fashion." The present problem arose from the consideration of the properties
of the wave funetiang af rnantiim manhaninal cernbaman coliinle oo oo 1 4



Introduction

Local density of states
H (6) =5; 0T € V
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Introduction

Local density of states

pi(E,e) =Y [(w;(e)[i(0)[*6(E — [Ej(e) — Ei(0)))
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Introduction

Example: LE in the Lorentz gas

F. Cucchietti, H. Pastawski, DAW (2000)
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But ...
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Introduction

But ...
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Universal behavior of the LDOS

H(x)|¢;(x)) = hw;(@)]d;(x))




Universal behavior of the LDOS

Flpl(t,0x) = % Z e~ Wi @0t (g (o) | @M 6, (o)

1=1 ,
<

Let us evaluate last sum semiclassically: Survival probability

Flpl(t, 0x) ~ / dqdpW (g, p) exp|—1ASi(g, p, dx) /]
|

Dephasing representation (Vanicek 2006) l

‘{ > the action difference evaluated along the
(Q7 p ) — ( 1 / n) L L 7 (q ; p) unperturbed orbit starting at (q, p)

Wigner distribution of state i




Universal behavior of the LDOS

The last integral can be solved: Goussev et al 008
//
e —~v|T
L D/ Flpl(t, 6z) ~ e~
’y p— 77 (1 — % <€_1As(q7p75x)/h>) — .
8
77 —_ — Probability to hit the perturbed region
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Universal behavior of the LDOS
b2 q2
< —1AS(qp5a:)/h / / —1AS(qp5a:)/hdqdp
pP1 q1

p 4 O = (pz—Pl)(Qz—(h)
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Universal behavior of the LDOS

Flpl(t,6x) ~ et

g}
m(w? +7?)

plw,0z) ~ L(y,w) =

The LDOS is a lorentzian distribution!!!!

y :
\% Osc = tan (0.75) v & 1.9637







Universal behavior of the LDOS

Example 1: Cat maps

Why we study the LE in cat maps?

« Completely chaotic system

« Simple to perturb



Universal behavior of the LDOS

Example 1: Cat maps

¢ = annq+tapp
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Universal behavior of the LDOS

9o 4,
1

B=q1 — qo

f(q)

D _
0 g 1

f(q) = 2me(q, k)/k
AS(q,6k) = (0k/4m*)[sin(27q) — sin(4mq) /2]




Universal behavior of the LDOS

Local Perturbations
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Universal behavior of the LDOS

Global Perturbations
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Universal behavior of the LDOS

Example 2: Stadium billiard




Universal behavior of the LDOS

Example 2: Stadium billiard
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Universal behayvior of the LDOS

We show that the LDOS is a Breit-Wigner distribution
under very general perturbations of arbitrary high
intensity. This work demonstrates the universal response

of quantum systems with classically chaotic dynamics.



Universal behayvior of Loschmidt Echo
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Universal behayvior of Loschmidt Echo
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N=270

Universal behayvior of Loschmidt Echo
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Universal behayvior of Loschmidt Echo

N=270
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Universal behayvior of Loschmidt Echo

N=270
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Universal behayvior of Loschmidt Echo
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Universal behayvior of Loschmidt Echo
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How can we explain this complex behavior?

LDOS



Universal behayvior of Loschmidt Echo

M(t) = |0(t)[*

Dephasing representation (Vanicek 2006)

O(t) = <¢\€iHZt€_iHé|¢> = /dQOdPOW(QO7PO) exp|[—tAS(qo, po,t)/h]

M(t) =/qudpodqldplW(qO,po)W*(ql,pl)eXp[—i(AS(qO,po,t) — AS(q1,p1,t))/A]

M(t) = MPC(t) + MYPC (@)

MPC(t) ~ exp(=At) MYNPC () ~

e—FNDCt




Universal behayvior of Loschmidt Echo

T'npe = —Infl — a1 — (e~ tA5(20:po)/Ryy)
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Universal behayvior of Loschmidt Echo
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Universal behayvior of Loschmidt Echo

M(t) — CLGXp(—)\t) + bexp(—FNDC (t))
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Universal behayvior of Loschmidt Echo

Shear in momentum and position
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Universal behaviour of Loschmidt Echo

Dependence on the initial state

Pogition state




Universal behaviour of Loschmidt Echo

Dependence on the initial state
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Final Remarks

¢ The LDOS is a Breit-Wigner distribution, even for strong
perturbations.

¢ We derive a semiclassical expression for the width of the LDOS which
is shown to be very accurate for paradigmatic systems of quantum
chaos.

¢ Our results demonstrate that quantum systems with classically
chaotic dynamics react in a universal way as a consequence of
perturbations of classical nature.



Final Remarks

€ We have demonstrated the importance of the semiclassical non diagonal
contribution to the decay of the LE.

€ We have calculated explicitly the decay rate of this term.

€ Contrary to previous assumptions, we have shown that the decay rate of
the NDC can - and usually is — very different from the width of the LDOS.

€ Using numerical simulations we have shown that there is an interplay
between the DC and the NDC. As the Lyapunov exponent (chaos) increases
the importance of the NDC becomes more visible for larger ranges of values

of the perturbation strength.

€ When the initial state is not a circular Gaussian state, the NDC clearly
dominates the exponential decay of the LE for intermediate times. We have

shown this using position states where I'; ; =I'ype.



