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Non-Resonant Multiphoton Transitions
(NMT)
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Motivation



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

parent molecule

v ‘Em | ; = CpMn(CO),*

- €O dissociation
% CpMn(CO),*

E,()=? o, +CO

CpMn(CO),

cyclopentadienyl manganese tricarbonyl

C. Daniel et al., Science, 299, 536 (2003)
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dlstance{Mn CO)/A

a'A” -> c'A’:
2PT at AL =798.7 nm
85 fs
c'A’” -> (b°A")":
3PT at L =801.12 nm

S5-photon transition
and the
optimal pulse
fo form
the parent ion
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Basics of
Non-Resonant
Two-Photon
Transitions




Excited state population after two-photon transition

resonant fransition

non-resonant
fransition
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:V(r)-d(r)E(’r)

small
(two-atomic)
systems




Polyatomic systems

expansion with respect to some adiabatic electronic levels

U(r, R, 1) = %j Xa( R, t)pa(r; R)

solution of coupled vibrational time-dependent Schrodinger equations

., 0
Zhgxa(t) = HoXa(t) + Xb: Oab — E(t)das|xs(t)

How to include the off-resonant levels?



Effective
Schrodinger
Equartion




Removal of the Off-Resonant States

Effective Time-Dependent
Schrodinger Equation
->time-nonlocal
secondary ->nonlinear with respect
system fo the radiation field

mgtmfl(t» = Hy(5)]T4(1))

] t
primary — f dt Kﬁeld(tv E)|qjl(a>
to

integral kernel

two-photon | pi; ) = /d0e(@)d(a, Q)"0 b
coupling matrix



Non-Resonant
Two-Photon Transitions

the RWA
and the SVA

Coupled Schrodinger-equations for the vibrational wave functions

1) = (Hy - ;|E< A0y 0:)) — B2 (0)d0 e (2 1)

1

(H, — 2hiy — o[ EOP A [xo(2: 1)) — 3 B0 o 0; 1)




Two-level model for 2PT

Effective two-photon
coupling matrix element

energy/eV

1
2 d(a,Q)d(0,b) ~ 5 pdly
distance (Mn—CO)/A

Some numbers:

ﬁ/h:50/eV deg = 1D

Rabi energy (in eV): Eg = degEl — 2.08 [d(D)] x [E(10°V /cm)]
two—photon transition Rabi energy:

EYY = p/h x EX = 50/eV 1072 eV -1072 eV =5 -1073 eV



Overall electronic level population P, and P,
after ulfrashort laser pulse excitation
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harmonic PES:
E. =40meV, EE =0.123 eV
E, =3.43eV, 2E,,,, = 3.46eV



Optimal Control
Theory



Control Functional

Nonlinear Equation Determining
the Optimal Pulse
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TABLE: I: The yield Q, the renormalized yield ¢, the maxi-
mum Frax of the field—strength (in GV /m) and the related
intensity Imax (in GW/ sz) for different used penalty factors
A (in 10" fs (GV/m)?) of the described control scheme

Q q Emax Imax

0.68 0.82 58.1 3.02
0.29 0.74 42.2 2.19
0.0049 0.72 14.7 0.76
0.0009 0.72 9.6 0.50

Control yield of simple
wave packet formation

10
lteration number

5 10
lteration number




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