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Coherent Control

Coherent Control attempts to control a chemical reaction with
light, usually a cleverly shaped ultrashort laser pulse.

In most cases it combines:
1. shaped pulses,
2. Iterative approach.



Coherent Control

/—>c’+0

* selectivity?
\—> Ot “




temperature

Sy

pressure

concentration

macroscopic control

C = catalyst

catalysis

microscopic control



A few fs later,
however, the
The bond entire molecule is

Excite one bond

vibrates vibrating.
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electric control field E(t):

which one to use?
how to generate it?




The pulse electric field perturbs the molecule and potentially
dissociates it.
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The trick is to compute the required pulse electric field.



H system = H molecule + H radiation +H interaction
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unknown



We could try to solve the problem theoretically,
but it’s easier to just do it iteratively In the lab.

Rabitz et al. Judson and Rabitz
"electric field design” "teaching lasers to control molecules"
optimal control theory optimal control experiment
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Pulse-shaping is important for coherent
control.

voltage off
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Appl. Phys. B 68, 281 (1999)
A. M. Weiner: Rev. Sci. Instrum. 71, 1929 (2000)




Genetic algorithm for coherent control
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A genetic algorithm can minimize the pulse
length.
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Using a learning algorithm to perform
coherent control
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Coherent control of a simple gas phase
reaction
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Acetone can be broken into various pieces. A laser pulse could help.
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Acetone
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CH;CO* Signal
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Manipulating the dissociation yields in
acetophenone

Different pulse shapes can optimize different
photo-fragments.
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Optimizing the phenyl fragment
yield also works.
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What do these pulses look like?

The pulse that maximizes the ratio of the two fragments.

Interestingly, a very simple pulse maximizes the phenyl radical
(but not the ratio).
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Molecules are not isotropic, so pulse
polarization shaping is important.

folding cylindrical
grating mirror mirror telescope

- = =1
W (\ input
I U"' plﬂse ellipticity: e (1)
orientation: 6 (1)
L ‘3’ X Brewster intensity: liot (1) = A1® + Ag?
Z  windows total phase: @yt (1)

5 EXperi-
ment
A to POLLIWOG apparatus

reference
pulse

-

T. Brixner and G. Gerber:
Opt. Lett. 26, 557 (2001)




T. Brixner and G. Gerber:
Opt. Lett. 26, 557 (2001)




cyclopentadienyl-iron-
dicarbonyl-chloride

Gerber and coworkers

Science 282, 919 (1998)
Chem. Phys. 267, 241 (2001)
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Coherent control of decoherence

» Coherent excitation of the
vewepacket(1l)
 Fluorecence detection (2)

 Time evolution of the
wavepacket— decoherence
* visibility as a measure of
the wavepacket localization

| ( internuclear separation

Can we:

1. Affect the wavepacket lifetime?

2. Prepare the wavepacket with
the longest possible lifetime?



Experimental setup

PMT

monochromator

Temporal resolution: 150fs
Spectral resolution: 2 nm

K2 molecules
in an oven

90fs, 2kHz
max. 90uJ




,Real-time” molecular vibrations
(wavepacket) measurements
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Different pulses excite different
wavepackets

Short pulse... Longer pulse... ...or two



upconverted fluorescence [counts/5s]

Different pulse durations
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upconverted fluorescence [a. u.]
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Now let the genetic algorithm optimize
the coherence time

Choose 50 random

pulse shapes

Mutate randomly
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upconv. fluorescence

intensity [a. u.]

Genetic algorithm - results
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Simpler experiment — thick crystal

Thick SFG crystal = thin one + spectrometer

PMT

K2 molecules
in an oven

monochromator

90fs, 2kHz
max. 90uJ




Simpler experiment — thick crystal
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(1) Fluorescence spectrum manipulation (Wilson, 1997)

(2) Atomic excitation tailoring (Bucksbaum, 1999)

(3) Vibrational excitation tailoring in polymers (Motzkus, 2002)

(4) Molecular fragmentation selectivity (Gerber, 1998; Levis & Rabitz, 2001)
(5) Molecular rearrangement selectivity (Levis & Rabitz, 2001)

(6) Chemical discrimination (Gerber, 2001)

(7) High harmonic X-ray tailoring (Murnane & Kapteyn, 2000)

(8) Ultrafast solid-state optical switching (Keller, 2000)

(9) Distortion-free transmission of pulses in optical fibers (Omenetto, 2001)
(10) Decoherence management (Walmsley, 2002)

(11) Photosynthetic bacteria energy transfer (Herek and Motzkus 2002)



