Semilinear response and RMT for the heating

rate of cold atoms in vibrating traps

Alexander Stotland, Ben-Gurion University

Collaborations:

Doron Cohen (BGU)
Nir Davidson (WIS)

Discussions:
Itamar Sela

Yoav Etzioni
Maya Chuchem

References:
A. Stotland, R. Budoyo, T. Peer, T. Kottos and D. Cohen, JPA (FTC) (2008)
A. Stotland, D. Cohen and N. Davidson, EPL (2009)

A. Stotland, and D. Cohen, in preparation

$DIP, $BSF




Diffusion and Energy absorption

Driven chaotic system with Hamiltonian H (X (%))

X some control parameter

X rate of the (noisy) driving

~» diffusion in energy space:

_ 72
- Gdiffusion X

~» energy absorption:

72
Gabsorption X

[Ott, Brown, Grebogi, Wilkinson, Jarzynski, D.C.]

There is a dissipation-diffusion relation.
In the canonical case F = D/T.

Below we use for (¢ scaled units.




LRT - Kubo

Hamiltonian:

Kubo formula:

~

G = / C1(0)S (w)duw

Diffusion and heating:

G 2
D/T




The model - classical description

A particle in a 2-D box with a vibrating wall.

+Ulx,y) + W(x — X(1))
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Equations of motion:

o
Pz = I
o
Py = By




The model - quantum description

A particle in a 2-D box with a vibrating wall.

Deforming potential: smooth Gaussian / s-scatterer

The Hamiltonian in the n = (n,,n,) basis:

H = diag{ En} + u{Unm} + f(E){Vam}

The matrix elements for the wall displacement:
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The Hamiltonian in the £, basis:

H = diag{En} T f(t){vnm}

Z ’Vnno‘Q O(w — (Bn — Eny))

algebraic




Correlation function
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Sparsity and texture are
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Derivation - some formulas

H = diag{ En} + u{Unm} + f(){Vam}

Sum rule:

Z ’Vn+r,n’2

7| b

Vo

1
= |Vnm|2 ™~ EVO

e Strong Quantum Chaos
b= M
e Weak Quantum Chaos

- ()

e First Order Perturbation Theory

uUnm
E.,—FE.,

Vim|* & [(m|n)| V5 ~

‘\/02_...



{|Vium|?} as a random matrix {X}

e bandwidth

® texture

® sparsity

Histogram of X :
0

10

I T TTTI I T TTIT I T TTITI I T

oodd

| IMETTIT | AT | RN | RN

10 10” 10° 107

X ~ LogIY\Tormal

Algebraic average: ({(x)), = {(x)
Harmonic average: ((x)), = [(1/x)]7!

Geometric average: ((x)), = exp|(log )]

(x)n < {(@)g < ((2))a




{|[Vam|?} as a random matrix {X} - cont.
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U [scaled]

(7))
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Prob (X > (X))




Semi Linear Response Theory
H={E.} = X(){Vim}

G = 705 {({(|Viunl?))sirer

A

~3 ‘VnmP =
€ = 20" 75 g 35 S(EnEm)

({[Vin|?))sire = inverse resistivity of the network

<<’an|2>>harmonic << <<‘an‘2>>SLRT << <<|an|2>>algebraic




The RMT modeling and VRH

e Log-normal RMT modeling

For the rectangular S(w) of width w,

Gsirr = G €xXp {2\/— In ¢ ln(wc/A)} X Girr

Different distributions give different results!

e Log-box RMT modeling

For the rectangular S(w) of width w,

1 A
- eXp [_ ] >< GLRT
p P We

For the exponential S(w) of width w,

1] A ]
Gsirr = —exp | —2 X G'rLrr
p pwc_




The RMT modeling - Numerical results

e Log-normal RMT modeling

]_OO [T T [T T TTTTIm T TTTTI [T ]

‘ * resistors network calculation
: — VRH estimate

E : -— median based estimate j
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e Log-box RMT modeling

* resistor network calculation
— VRH estimate




The RMT modeling and VRH

A typical matrix element for connected transitions:

(%) Prob(x > $w) ~ 1

Generalized VRH estimate:

/mwg(w)dw

In the standard case (strong disorder):

Prob(x) log-box




Numerical Results
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What about texture?
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Conclusions

(*) Wigner (~ 1955):
The perturbation is represented by
a random matrix whose elements are

taken from a Gaussian distribution.

Not always...

No “strong quantum chaos® =

log-normal distribution.
The heating process ~ a percolation problem.
Resistors network calculation to get G xr.

Generalization of the VRH estimate

SLRT is essential whenever the distribution
of matrix elements is wide (“sparsity”)

or if the matrix has “texture”.
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