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|Dynamics of Chirped adiabatic passagel

Phys. Rev. A 65, 043407 (2002)
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Extension: Preparation of coherent superpositions of states

Phys. Rev. A 70, 013415 (2004)



Optimal chirped adiabatic passage: Level lines

Phys. Rev. A 65, 023409 (2002)
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|Lifting of degeneracy and coherent superposition of statesl Phys. Rev. A 70, 43402

(2004)

The effective dressed Hamiltonian (quasi-resonant approximation or RWA)

: A(t) = S(t)

nag] B 0 Q One-photon: Q(t) = u€(t)/h
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Stark field: S(t) = a[Es()]?
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Adiabatic Floquet Theory: Interaction with a cavity field and a laser field

Strong-field dressed Hamiltonian (Floquet Hamiltonian) Adv. Chem. Phys. 125, 147 (2003)
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|Multiphoton excitation in two-level systemsl Phys. Rev. A 63, R031403 (2001)
Phys. Rev. A 68, 043405 (2003)

The effective dressed Hamiltonian
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Emission of k effective photons == Momentum deviation of kA(w; + w2)/c.

Experiments: K. Bergmann group (Kaiserslautern)
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Elementary processes

Generation of Fock states
Entanglement
Quantum Logical Gate for Computation

Grover search



Quantum information in cavity-laser-atom systemsl

Source of photons on dema.ndl

Preparation of a single photon state:
A. Kuhn, G. Rempe group (Garching), Phys. Rev. Lett. 85, 4872 (2000); 89, 067901 (2002).
— application to quantum cryptography, quantum networking.

single photon le . O> lg 1>
counter =1

atom — cavity

pump beam

STIRAP with cavity + laser



Phys. Rev. A 70, 013807 (2004)

Preparation of an arbitrary photon state

atoms

cavity

pump beam
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Quantum information in cavity-laser-atom systems: Atom-atom entanglement
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atoml—cavity
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Kis - Renzoni Phys. Rev. A 65, 032318

|Single-qubit quantum gates by adiabatic passagel _ (2002)

Optics Commun. 264, 362 (2006)

One-qubit gate:
implement a general unitary operation U(0, ¢)
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Quantum information in cavity-laser-atom systems: Quantum gates] swAP gate
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Adiabatic Grover quantum search

Phys. Rev. Lett. 99, 170503 (2007)

Continuous (analogic) version

N atoms trapped in a cavity QED
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|Alignment and orientationl
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Adiabatic regime: Bor/h > 1]

for nonresonant laser field

Phys. Rev. Lett. 88, 233601 (2002)

2
Alignement : _I<COS gt
Orientation : {cos ) — +1

Aligned (target) state in a rotational subspace
Hy={|J=0>,]J=1>,...,]J=N-1>}

0082 0N |‘I’mnx) = '\maxl‘I’max)

Impulsive regime : Byt /h < 1|

for nonresonant laser field

Phys. Rev. Lett. 94, 153003 (2005)



Alignment and orientation by adiabatic transport

H =BJ?—182Aq0,cos?
Adiabatic regime: Bor/h>1 | ,4 .
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Orientation by adiabatic passage: Mechanism Phys. Rev. Lett. 88, 233601 (2002)
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Orientation by adiabatic passage: Numerical simulations

Phys. Rev. Lett. 88, 233601 (2002)
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Extension to the control of the tunneling effect: Phys. Rev. Lett. 93, 223602 (2004)



|Postpulse alignment of moleculesl

CO, T=60K I, =40 TW/cm?
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- polarization technique
- cross defocusing
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Phys. Rev. Lett. 90, 153601 (2003)



Field-free two-direction alignment alternation of molecules by elliptic laser pulses

Phys. Rev. Lett. 95, 63005 (2005)
(Theory + Experiments)
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Alignment in adiabatic versus impulsive regime

- Impulsive reqgime (laser kick): efficient but saturates
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Alignment in combined adiabatic-impulsive regime Phys. Rev. A 77, 041404(R) (2008)

Phys. Rev. A 75, 031403(R) (2007)
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Research projects of the theory team at UB

- Floquet adiabatic theory — Adiabatic passage for material and photonic states
- Alignment and orientation of molecules

- Adiabatic passage for guantum computation (X. Lacour, N. Sangouard, M. Amniat-Talab,
S. Guérin)

- Control of dissipative systems (G. Dridi, M. Lapert, X. Lacour, D. Sugny, S. Guérin)
- Optimal control of quantum systems (C. Kontz, M. Lapert, D. Sugny)
- Manipulation of single photons (A. Gogyan, Y. Pashayan, Y. Malakyan, S. Guérin)

- Photoassociation of Bose-Einstein condensation (R. Sokhoyan, C. Leroy, A. Ishkhanyan)



|Control in open quantum systemsl

Lindblad equation

% = —i[H,p| + 3% ([Fi, pT'l] + [Cip, F:r)

Lindbladien = linear operator £
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In the basis of the Pauli matrices {I, 05, 0y,0.}

0 0 0 0
0 —y/2-T -A 0
0 A —y/2-T —Q |’
— 0 Q —y

H = Ac,[2 + Qo,/[2

I': Dephasing rate
~: Spontaneous emission rate



|Control in open quantum systemsl Phys. Rev. A 75, 033417 (2007)

Results for pure dephasing decoherence:

- Generalization of the Landau-Zener type formula

1—e™ - 00 2
p="—+e"m _ / Q2
n=l [ “rrice

Landau Zener: py = 1 — exp [—mQ3T2/2]
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