DYNAMIC PHASE AND POPULATION CONTROL OF STATE SELECTED

WAVE PACKETS IN Li,

by

Joshua B. Ballard

University of Colorado
Boulder, Colorado

2003



Dynamic Phase and Population Control of State Selected Wave Packets in Li,

By
Joshua B. Ballard

A.B., Harvard University, 1995

A thesis submitted to the
Faculty of the Graduate School of the
University of Colorado in partial fulfillment
of the requirements for the degree of Doctor of Philosophy
Department of Chemistry and Biochemistry

2003



This thesis for the Doctor of Philosophy degree by
Joshua B. Ballard
has been approved for the
Department of Chemistry and Biochemistry

by

Stephen R. Leone

David Jonas

Date

The final copy of this thesis has been examined by the signatories, and we find that
both the content and the form meet acceptable presentation standards of scholarly
work in the above mentioned discipline.



Ballard, Joshua (Ph.D., Physical Chemistry)
Dynamic Phase and Population Control of State Selected Wave Packets in Li

Thesis directed by Professor Stephen R. Leone

Pulse shaping of ultrafast pulses with a Liquid Crystal Spatial Light
Modulator (SLM) is used to control both transient and non-transient state-resolved
wave packet dynamics in Li,. In almost all of the experiments, a single launch state
(generally A'S," va=11, Jx=28) is prepared via excitation with a cw laser, from which
a pump pulse excites a superposition of states on an excited electronic potential
energy curve followed by a photoionizing ultrafast probe pulse. Using feedback and
an Evolutionary Algorithm (EA), the weak field pump-probe photoionization signal
at a single time delay is optimized in Li; for the state £ 1Zg+ (ve=9, Jg=27 & 29). First
order time dependent perturbation theory is used to explain the mechanism by which
the photoionization is maximized. Following this, the transient dynamics of
excitation of wave packets is studied in detail. A clear separation is made between
resonant and nonresonant effects. Both population and resultant phase in the
molecule are transiently manipulated. By varying the polarization of the probe light,
population dynamics can be separated from interfering wave packet dynamics,
allowing precise determination of the instantaneous population and wave packet
dynamics. A pulse shaping scheme is described that implements a sign inversion for
one state of a two state superposition, and all sign inversion matrix elements are
quantified. Elements of strong field coherent control are also explored in Li;. From

the launch state, the strong optical field couples the A and E electronic states,
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inducing sequential AJ=*1 transitions to populate states up to AJ=+4. Taking
advantage of Rapid Adiabatic Passage, state selectivity is controlled by manipulating
chirp parameters on the excitation pulse, achieving selectivity of either Stokes or anti-
Stokes quantum beats of nearly unity. Finally, wave packet dynamics on highly
excited electronic states is examined. Electronic wave packets consisting of beating

between bound states on the F'S," and G'IN, electronic states are observed.
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“I thought of that while riding my bike.”

-Albert Einstein on the theory of relativity
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