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The kicked rotor: A paradigm of classical and
qguantum chaos
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ThHe kickedl roior

The atomic kicked rotor: An almost ideal
‘guantum simulator”
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& wﬁﬁ F. L. Moore et al., Atom optics realization of the quantum S-kicked rotator, Phys. Rev. Lett. 75, 4598 (1995)
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Probing guantum disordered
systems with ultracold atoms
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Tight-binding

Hu, = Vouy +Tupaq + Ty

Anderson
Random —% <V, < —%

;&h L/j;,; ~ " P. W. Anderson, Absence of Diffusion in Certain Random Lattices,
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Huyp = Vouy +Tupai1 + Tup—q
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Absence time ~ h/AE ~h/W T
Hopping time ~ h/T 44 T
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3D: Quantum phase transi
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The Anderson model

L —|z — x|
« 1D : Exponential localization of the eigenfunctions W ~ exp

§

« Suppression of the diffusion — Insulator
« 3D — « Mobility edge » — Metal-insulator transition




OLLzIr)eLIrr) Sirntllz1cors

Simulating condensed matter
systems with ultracold atoms
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Condensed matter

» Decoherence (ill-defined quantum phases)
* No access to the wave function
e Electron-electron Coulomb interactions

Ultracold atoms

» Control of decoherence
« Access to probability distributions (and even the full
« Control of interactions (Feshbach resonances)
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1D: 1. Billy et al.,, Direct observation of 3D : S. S. Kondov et al, Three-
Anderson localization of matter-waves Dimensional Anderson Localization
in a controlled disorder, Nature 453, of Ultracold Fermionic Matter,

891 (2008) Science 334, 66 (2011)

3D : F. Jendrzejewski et al., Three-
dimensional localization of ultracold
atoms in an optical disordered
potential, Nature Physics 8, 398
(2012)
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Simulating the Anderson model with
the atomic kicked rotor
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—
= Exponential “localization”
2 4 5 in momentum space — “dynamical” localization
p S
Can be mathematically mapped into a 1D "Anderson
model” which discribes disorder in quantum
system. Predicts exponential localization in real
space
_ 1 G. Casati et al.,, Stochastic behavior of a quantum pendulum under
;&“ L/j;,; ~ S, Fishman et al., Chaos, Quantum Recurrences, and Anderson
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In 3D "the Anderson model predicts a quantum metal-insulator transition

How to do it with the atomic kicked rotor ?

2
H = % + Kcosz (1 + e cos(wat) cos(wst))D ot —n)

mn

Maps onto a 3D Anderson model !!!

- :’ G. Casati et al., Anderson Transition in a One-Dimensional
7 62, 345--348 (1989)
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H = % —|—®cosac (1 He)os(wat) cos(wst)) Z 6(t —n)
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p” ~ cnst. 2702 03 04 P5 06 07 08
Localized &

A/

Chacs

N TS5 Lett. 101, 255702 (2008)

Diffusive

p* ~t

Bitam» ). Chabé et al.,, Experimental Observation of the Anderson Metal-Insulator Transition with Atomic Matter Waves, Phys. Rev.

21936
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|83 Selected for a Viewpoint in Physics week endin
PRL 101, 255702 (2008) PHYSICAL REVIEW LETTERS 19 DECEMBER 2008
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Experimental Observation of the Anderson Metal-Insulator Transition
with Atomic Matter Waves

Julien Chabé,' Gabriel Lemarié,” Benoit Grémaud,’ Dominique Delande,” Pascal Szriftgiss:r,1 and Jean Claude Garreau'
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week ending

PRL 105, 090601 (2010) PHYSICAL REVIEW LETTERS 27 AUGUST 2010
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Critical State of the Anderson Transition: Between a Metal and an Insulator

Gabriel Lemarié,’* Hans Lignier,z"" Dominique Delande,! Pascal Szriftgiser,2 and Jean Claude Garreau®
"Laboratoire Kastler Brossel, UPMC-Paris 6, ENS, CNRS; 4 Place Jussieu, F-75005 Paris, France

’Laboratoire de Physique des Lasers, Atomes et Molécules, Université Lille 1 Sciences et Technologies, UMR CNRS 8523,
F-59655 Villeneuve d’Asca Cedex, France*
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PRL 108, 095701 (2012)
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PHYSICAL REVIEW LETTERS 2MARCH2(§12

Experimental Test of Universality of the Anderson Transition

Matthias Lopez,' Jean-Francois Clément,' Pascal Szriftgiser,' Jean Claude Garreau,' and Dominique Delande”
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Phase diagram of the anisotropic Anderson
transition with the atomic kicked rotor: theory and
experiment
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D =2 js the "lower critical dimension” for Anderson physics

All states are localized but with exponentially large localization length

2
H=1 + K cosz (1 —f—scos(cuzt))Zé(t —n)
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Comparison with the self-consistent prediction
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In the unitary case the CBS peak is there only after two kicks!
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Next: Nonlinear interacting systems!




Use a Bose-Einstein condensate

Individual atoms — Coherent matter wave

oy Ay oY _ Ay
(% 5 +Vy o 875 5 +V

Hu, = Vyu, +1), (un—l + un—l—l) +9 |Ufn|2 Unp

Nonlinear quantum disorder!
(the ultimate dream — or nightmare — of a quantum-chaotician?)

The K-BEC project: w
Potassium BEC-nonlinear QKR, started 2014, first results expected 2016

A. S. Pikovsky and D. L. Shepelyansky, Destruction of Anderson Localization by a Weak Nonlinearity, Phys. Rev. Lett. 100,
094101 (2008)
B. Vermersch and J. C. Garreau, Spectral description of the dynamics of ultracold interacting bosons in disordered latti
New J. Phys 15, 045030 (2013)
N. Cherroret et al.,, How Nonlinear Interactions Challenge the Three-Dimensional Anderson Transition, Phys.
170603 (2014)

"@ﬂ* L. Ermann and D. L. Shepelyansky, Destruction of Anderson localization by nonlinearity in kicked rotat

:“h -~ dimensions, J. Phys. A: Math. Theor. 47, 335101 (2014)
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= Ultracold atom physics is very powerful tool for the study of quantum complexity

= KR as “quantum simulator”

4D Anderson transition

« Anderson transition and interactions
N. Cherroret et al., Phys. Rev. Lett. 112, 170603 (2014)

« 3D Unitary class (critical exponent)
M. Thaha et a/., Phys. Rev. E 48, 1764--1781 (1993)
C. Tian et al., Phys. Rev. Lett. 93, 124101 (2004)

«  Harper model and the Hofstadter butterfly
R. Lima and D. Shepelyansky, Phys. Rev. Lett. 67, 1377-1380 (1991)
J. Wang and J. Gong, Phys. Rev. A 77, 031405(R) (2008)

«  Spin-orbit coupled KR: Topological and quantum Hall physics

J. P. Dahlhaus et al,, Phys. Rev. B 84, 115133 (2011)
Y. Chen and C. Tian, Phys. Rev. Lett. 113, 216802 (2014)
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