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control of chemical reactions
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laser electric field E(t):

e calculation for real molecules extremely complicated (if not impossible)

e exact laboratory realization of predicted fields difficult



W Single-parameter coherent control
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Brumer-Shapiro Tannor-Kosloff-Rice Bergmann et al.
"phase control” "pump-dump control" "STIRAP control”
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HMM Rabitz
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R.S. Judson, H. Rabitz, PRL 68, 1500 (1992)

"optimal control therory" laser, modified E(t)

used to design electric pulse shaper i
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Adaptive pulse shaping
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T. Baumert, T. Brixner, V. Seyfried, M. Strehle and G. Gerber: Appl. Phys. B 65, 779 (1997) D. Yelin et al.: Opt. Lett. 22, 1793 (1997)
idea of feedback: R.S. Judson and H. Rabitz: Phys. Rev. Lett. 68, 1500 (1992) C.J Bardeen et al.: CPL 280, 151 (1997)



Pulse shaper
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A. M. Weiner et al., Opt. Lett. 15, 326 (1990)



Femtosecond pulse shaping
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W Evolutionary algorithm
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Recompression of fs laser pulses:
Compensation of material dispersion
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Automated pulse compression
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MMMM Polarization-shaped laser pulse
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T. Brixner and G. Gerber:
Opt. Lett. 26, 557 (2001)




WMMW_ Adaptive femtosecond quantum control
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m.. CpFe(CO),Cl optimization
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CpFe(CO)CI*/FeCl* optimization
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ﬂMM " "Turning milk into alcohol”
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MMM Quantum control in the liquid phase
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Synthetic motivation B
@ If control of photochemistry is to become useful to chemists,
It must be viable in solution
Physical motivation

@ Can photochemical control be achieved in the presence of
solvent/solute interactions?

@ Can control results provide insight into solution-phase dynamics?



MM" _Intensity dependence of [Ru(dpb) ] emission
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MMM Optimization of emission/SHG ratio
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J.Chem.Phys. 118, 3692 (2003)




Optimized Electric Fields for Maximization
and Minimization of Emission/SHG for [Ru(dpb)_]**
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Optimized electric fields in husimi representation:
maximization minimization
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® Result shows selectivity between excitation pathways has been achieved

J.Chem.Phys. 118, 3692 (2003)
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Selective excitation in liquids
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MMMN- Quantum control in the liquid phase
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‘wMM Photochemically selective excitation
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MMM% 3,3 diethyl-2,2 thiacyanine iodide - NK88
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MMH ‘ Experimental setup
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_Transient Absorption - 3.3-DiEthyl-2.2thiacyanine iodide - NK88
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NK88 - control of photoisomerization
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NMMA NK88 - optimal pulse shapes
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W&MM Applications of adaptive pulse shaping
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wﬁMM high harmonic generation
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W High-harmonics in Ne
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Objective: Control HHG
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W Three-step model

Department of Physics, University of Wirzburg, Germany

EA

field/tunnel ionization

v
hv
3 y/ ‘ . acceleration in
B K/' Ry laser field

‘ I recombination and
photon emission

P. Corkum, Phys. Rev. Lett. 71, 1994 (1993)



M Harmonic generation geometry
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W Experimental setup
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Harmonic enhancement
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selective enhancement of HHG
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Phase-matching
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Selective Control of HHG
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Suppression of Harmonics
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W High-harmonic generation
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wﬁMM generation geometry

Department of Physics, University of Wirzburg, Germany

jet vs. capillary

—— before optimization —— before optimization
optimizedx10 optimized, same scale
1.0 T : : ' R
o 'B:A: B 1997 B:A'B
*@' 0.8 E E E E > 0.8- : !
) ) 1 1 1
T c_‘=; 0.5
% 3 0.3;
& 0.2-
0.0 . .. . .
25 25 30 35 40 45
wavelength [nm] wavelength [nm]

Fithess: F=A/B

control not only governed by the single atom response



Summary
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femtosecond pulse shaping

evolutionary optimization

selectivity

21 19

electron-dynamics control



