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- gas-phase systems with a single or two vibrational DOF
- account for laser field fluctuations and intensity profile

- a single DOF coupled to a heath bath
- random orientation
- static disorder
- optimization of an observable
- control of particle motion 



A Simple Example











Optimal Control Theory 
Control functional

Functional equation 
determining the optimal pulse





FIRST 
EXAMPLE



Complexity 
of the 

Control Task
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4: 1- 3
with diss.

T. Mancal and V. M., 
CPL 362, 407 (2002)



SECOND 
EXAMPLE



Standard scheme of OCT 
using a target operator

Optimal Control Theory
for Non-Resonant
Multi-Photon 
Transitions 



Non-Resonant 
 Transitions Two-Photon

The 
and the 

RWA 
SVA

Coupled Schrödinger-equations for the vibrational wave functions

Control Functional

D. Ambrosek, M. Oppel, L. Gonzalez and V. M., 
special issue, Opt. Comm. 264, 502 (2006). 
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THIRD 
EXAMPLE



OCT with a target operator 
distributed in time 

and parameter space

Shi, Rabitz, JCP 92, 364 (1990), 97, 276 (1992)

direct optimization of transient probe pulse absorption in
a pump-probe scheme
A. Kaiser, and V. M., JCP 121, 2528 (2004), CPL 405, 339 (2005),
CP 320, 95 (2006)
consideration of structural and energetic disorder



Direct Optimization
of a Probe-Pulse 

Transient Absorption



1 1+1 S - ground-state 
1 1+

2 S - first-excited states 
1 +  3 S - higher excited state

Three level scheme 
for NaK

probe pulse 
transient absortion signal

probe pulse 
polarization



Optimized Probe Pulse Transient Absorption 
Signal versus Probe Pulse Length

-> control pulse acts 
     up to 1.5 ps
-> probe pulse is 
     centered at 1.6 ps

A. Kaiser, and V. M., JCP 121, 2528 (2004), CPL 405, 339 (2005),
CP (2005)

hw = 0.87eVpr

hw = 0.83eVpr

hw = 0.85eVpr

          0.9eV



FOURTH 
EXAMPLE



OCT for open system dynamics

Bartana, Kosloff, Tannor, JCP 106, 1435 (1997)
Ohtsuki, Yhu, Rabitz, JCP 110, 9825 (1999)

Xu, Yan, Ohtsuki, Fujimura, Rabitz, JCP 120, 6600 (2004)
Mancal, Kleinekathöfer, May, JCP 117, 636 (2002)

Brüggemannm, May, JPCB 108, 10529 (2004)



Excitation Energy 
Localization in a 
Pigment Protein 
Complex 



Excitation Energy Localization via the Formation 
of Excitonic Wavepackets

The study of particular relaxation pathways 
may become possible!

Vibrational Wavepackets
versus Excitonic Wavepackets

U (q)e

P (E)e

E(a )1

E(0)

E(a )2

P (E)a

U (q)g



Simulating femtosecond dynamics of excitons 
in chromophore complexes:

     
     
     

formation of single- and two-exciton states
electronic excitation energy dissipation
presence of static disorder

ab initio description of the single-exciton states 
possible (Schulten, 1998, ...)

description of all other effects requires the 
introduction of certain models



Electronic Level Scheme
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Formation of Delocalized Single- and Two-Exciton States 

ground-state

 two-exciton state

 single exciton state

Th. Renger, V. M., and O. Kühn, 
Phys. Rep. 343, 137 (2001)



Excitonic Wavepacket

Linear response expression for the driven wave function

Estimate of the Control Field



multiexciton 
density operator

multiexciton Quantum Master Equation

 exciton
relaxation

exciton-
exciton
annihilation

external field
induced coherent 

motion

Optimization of the target chromophor population



Monomeric Structure of the FMO Complex and 
Distribution of Exciton Expansion Coefficients
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Laser Pulse Excitation Energy Localization 
in the FMO-Complex

B. Brüggemann, and V. M., JPC B 108, 10529 (2004)

Laser Pulse Excitation Energy Localization 
in the FMO-Complex



in dependence on
- the control pulse length
- temperture

- including two-exciton states
- at a temperature of 4 K

Excitation Energy Localization 
at Chromophore m=7 

without dissipation



Excitation of the FMO complex of Chlorobium tepidum by an optimized polarization shaped 
laser pulse. The pulse moves in z-direction (from the left to the right) and is represented by the 
temporal evolution of the electric field strength vector. Exciton transition dipole moments as 
well as dipole moments within the BChl are also shown. 

Polarization Shaping



Linear versus circular polarization of the control pulse

-1,
-> 10 randomly oriented complexes, -> energetic disorder of 100 cm
-> 4 K, -> neglect of two-exciton levels,

 

 

self-consistency equation for the components of the optimal field



FIFTH 
EXAMPLE



Laser Pulse Control 
of Multimode Vibrational 

Dynamics in Pyrazine

plus 
Multi Configuration 

Time-Dependent Hartree Method
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ring stretching out of plane ring bending

tuning modes coupling mode

4-Mode Model of Pyrazine
(vibronic coupling model)

Worth, Meyer, and Cederbaum,
JCP 109, 3518 (1998)



P(S )2

P(S )0

P(S )1

Reduced probability distribution 
of the four modes

Optimization of the 
overall S -population 1

L. Wang, H.-D. Meyer, and V. M., JCP 125, 014102 (2006)



OUTLOOK 
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