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Strong-field control: the general picture

—
* —
| fn> — |

Basics on Quantum control, Cargese-Corsica, 17-23 August 2008



Selectivity and tunabillity

> Target state control is achieved
by control of

O dressed state populations
® dressed state energies

-

Selectivity
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Tunability
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What is photon locking?

Bare states Spatio-temporal Bloch-vector
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Yet another picture: dressed states

( E., —hQ@
Hba're _ (____hQ*(t) Eb )

deressed — AHbafre AT

[ €low (t) 0
Haressed = ( 0 5up(t)>

Ae(t) = eup(t) — erow(t) = M(H)  Q(t) = VIQH[? + 67

(o)) = (&)

diow ()]?, |du,(t)|” describe Population Of Dressed States (PODS)

Basics on Quantum control, Cargese-Corsica, 17-23 August 2008



UNI KASSEL
VERSITAT

Experimental setup

Photoelectrons
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A model system for strong field control: REMPI on K atoms

E..
K atoms
IP o
« REMPI: non-linear and resonant
4p  Quasi two-state system
spectrum « Strong fields: non-perturbative interaction
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Photon locking with double pulse sequence

Photoelectron spectra
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Photon Locking via shaped pulses
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The trouble with strong-field excitation

Averaging over focal
intensity distribution

Highly sensitivity to intensity

Kinetic energy [eV]
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Photoelectron signal

J. Phys. B., 41, 074007, (2008),

Photoelectron signal
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Adiabatic excitation: RAP

Photoelectron spectra
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RAP (Rapid adiabatc passage)

Shaped pulse Bare state dynamics Dressed state dynamics
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Combine robustness and efficiency

RAP Photon Locking
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0-step modulation in frequency domain
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Pulse gallery for the generalized 6-step

émod(w) _ é(w)e—i%o(w—éw)

Detuning
dw = -20 mrad/fs ow = +20 mrad/fs
) .
3
et >
= =
-y + =
<L = -
)
A
0.1 >
N e
S =
" _______________________ 0 0 ':'
QO
D Q-
0.1 L

-200 100 O 100 200 -200 100 O 100 200
Time [fs] Time [fs]

0 > 0= peak Q t > (|

Basics on Quantum control, Cargese-Corsica, 17-23 August 2008




UNI KASSEL
VERSITAT

Robust Photon Locking
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Selective population of the upper dressed
state during strong-field interaction
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Switching by ¢and ow
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An ultrafast toggle switch
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Photoelectrons
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Experimental results: robustness

01 03 05
Kinetic energy [eV]

Photoelectron contrast

C=—"—

0.4
5
8
S
5 =3
o
0.04 -
2 |
£ | 01 03 05
18 ¥ Kinetic energy [eV]
3
(]
044 | __ \>a Y
01 03 05
Kinetic energy [eV]
1 ¥ T T T T T
2.48 2.46 2.44 242

Dstep [rad/fs]

Basics on Quantum control, Cargese-Corsica, 17-23 August 2008



UNIKASSEL
VERSITAT _
Conclusion

» Photon locking for quantum control by
Selective Population of Dresses States (SPODS)

Experimental demonstration of efficient and

ultrafast photon locking based on PL

Robust adiabatic techniques based on RAP
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Shaped pulses for robust photon locking
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Ultrafast switching by photon locking
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Robustness by adiabatic preparation
of maximum coherent states
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