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Non-Resonant Multiphoton Transitions 
(NMT)



Motivation 



Fs-Laser Pulse Induced Ionization versus 
Dissociation of an Organometallic Compound

cyclopentadienyl manganese tricarbonyl

C. Daniel et al., Science, 299, 536 (2003) 



1 1a A´ -> c A´:
2PT at l =798.7 nm

85 fs
1 2 +c A´ -> (b A´) :

3PT at l =801.12 nm

5-photon transition
and the 

optimal pulse
to form 

the parent ion 



Basics of 
Non-Resonant

Two-Photon 
Transitions 



Excited state population after two-photon transition

resonant transition

non-resonant 
transition



small 
(two-atomic) 
systems 

 
solution of the complete time-dependent Schrödinger equation
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expansion with respect to some adiabatic electronic levels

solution of coupled vibrational time-dependent Schrödinger equations

Polyatomic systems 

How to include the off-resonant levels? 



Effective
Schrödinger

Equation 
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Removal of the Off-Resonant States
Effective Time-Dependent
Schrödinger Equation
->time-nonlocal
->nonlinear with respect 
    to the radiation field

integral kernel

two-photon 
coupling matrix
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Coupled Schrödinger-equations for the vibrational wave functions



Two-level model for 2PT

Effective two-photon 
coupling matrix element 



excited-state population ground-state popluation

Overall electronic level population P  and Pe g  

after ultrashort laser pulse excitation  

full lines: 20 fs
dashed lines: 40 fs
dashed-dottel lines: 60 fs
dotted lines: 80 fs

harmonic PES: 
E  = 40 meV,  E   = 0.123 eVvib l

E   =3.43eV,  2E   = 3.46 eVeg photon

 



Optimal Control
Theory 



Control Functional

Nonlinear Equation Determining 
the Optimal Pulse



1
c A´

1a A´

Control yield of simple
wave packet formation



Laser Pulse Control of a Non-Resonant 
Two-Photon-Three-Photon Transition
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