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Photodissociation of C;H:l at 266 nm

Velocity Map Images of lodobenzene

a)1,1” (266 nm) b) I, 1" (266 nm)

c) 1 (266.49 nm) d) 1 (266.49 nm)

e) 1’ (266.62 nm) 1" (266.62 nm)

Reprinted with permission from S. Unny, Y. Du, L. Zhu, K. Truhins, R.J. Gordon, A. Sugita, M. Kawasaki, Y. Matsumi,
R. Delmdahl, D.H. Parker, J. Phys. Chem. A 105, 2270 (2001). Copyright 2001 American Chemical Society.



Mechanism at 266 nm

Outer Feature

n’ + hV—>3Qo (n,a*) —> CoHs +I(2PI/2,3/2)

Inner Feature

n’+hv _)Sl(ﬂ'aﬂ'*) ~ lQl(n,G*)—) CoH s +1(2P3/2)



Photodissociation of C;H:l at 532 nm

Velocity Map Images of lodobenzene at 532 nm




Photodissociation of |,

b) 558.82 nm

532 i . 559 :
d) 574.68 nm

564 i . 575 .

S. Unny, Y. Du, L. Zhu, R.J. Gordon, A. Sugita, M. Kawasaki, Y. Matsumi, T. Seideman,
PRL 86, 2245 (2001). Copyright 2001 by the American Physical Society.



Kinetic Energy of lodine

Constant Ionization States of lodine

556.0 nm

S. Unny, Y. Du, L. Zhu, R.J. Gordon,
A. Sugita, M. Kawasaki, Y. Matsumi,
T. Seideman, PRL 86, 2245 (2001).

Copyright 2001 by the American
Physical Society.
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Dissociative lonization
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S. Unny, Y. Du, L. Zhu, R.J. Gordon, A. Sugita, M. Kawasaki, Y. Matsumi, T. Seideman,
PRL 86, 2245 (2001). Copyright 2001 by the American Physical Society.



Possible FEL Experiments

* 90 — 100 nm single photon excitation

 Pump-probe photoelectron-photoion
coincidence

* Photoelectron angular distributions of
aligned molecules



Manipulating Molecules With Light

Alignment T l & f
Orientation I T Ci T
Deflection W

Focusing @ I

Trapping




Interaction with a
Focused Laser
Beam

Intensity

Potential
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Dipole Interaction
Gaussian B 2 0>
electric field E(rﬂ t) o Eoe f(t)
Dipole potential

U(r,0)=—uk(r,t)cost —%Ez (r,t)(a// cos’ 0 +a, sin’ 9)

r = deflection & focusing

0 - alignment & orientation



Dipole Force
—r?  w?
Gaussian field E=F 0€

Induced potential 4

U,(K) = 15 a,(A3) (TW/cm?)



Deflecting Molecules in Different
M, States

Yy (mm)

Reprinted with permission from T. Seideman, J. Chem. Phys. 107, 10420 (1997).
Copyright 1997 American Institute of Physics.



HI Deflection Potential

20 +

Stark Shift
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Apparatus

Molec.
z Beam l

1064 nm

tof ms
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Displacement (pum)
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Dynamic
Polarizability
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Reprinted with permission from T. Seideman, J. Chem. Phys. 111, 4397 (1999).
Copyright 1999 American Institute of Physics.



Molecular Mirror

Classical forced oscillator:

mr + kr = —eE, cosat

e
— E, cos wt
m

2 2
W, — @

y=—

Sign reversal at high frequency



Possible FEL Experiments

» Deflect molecules in high Rydberg states
» Use a near-resonant deflection field



Passive Control of Chemical Reactions

AB+C

/

AA}
= A+BC

A—BC
Courtesy F. Crim.



Active Control of Chemical Reactions

pump pulse dump pulse




Interference Between
Competing Paths

P=P1+P2+P12
P=If +1£)

= |f; P +|f,)? + f,f," +£°f,



Coherent Phase Control of
Bound-Bound Transitions

| A‘,
A
ig|?
P:M+ﬁe‘
=P +P+2,/BP, cosg
¢:¢3 _3¢1

(See Shapiro, Hepburn, and Brumer, Chem. Phys. Lett. 149, 451 (1988).)



Turbomolecular
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Phase Tuning
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Controlling Branching

PS:})IS

Ratios

})35

\

2P cos(¢




The Phase Lag
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Reprinted with permission from L. Zhu, V. Kleiman, X. Li, S.P. Lu, K. Trentelman,
R.J. Gordon, Science, 270, 77 (1995). Copyright 1995 AAAS.



The Channel Phase

Pl - [ (|D®|ESk) ESE|D"|g )dk

The Phase Lag
AS(A,B)y=06, -0



What are the sufficient conditions
for a molecular phase to exist?

1. Coupled continua:

‘ES/E) = ca‘ESa/€> +c,

ESb/€>

0 = A+ Be'%) 4 Ce%)



2. Interference between direct and
resonance-mediated transitions

Hw
= H’_!,'_,.i;;_; ’ IESk; >

P ﬂf1d+f1r+f3d+f3r

Example: Rotationally-selected resonance
coupled to an elastic continuum:

tan 613 =

2q" ~ g%
=t (q"+ g+ (4= - g%

2 A
dk
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Reprinted with permission from A. Khachatrian, R. Billotto, L. Zhu, R.J. Gordon, T. Seideman,
J. Chem. Phys. 116, 9326 (2002). Copyright 2002 American Institute of Physics.



Coupling Schemes

813 813,

() (b)

813 A 13
E E

(c) (d)

(=4

Reprinted with permission from A. Khachatrian, R. Billotto, L. Zhu, R.J. Gordon, T. Seideman,
J. Chem. Phys. 116, 9326 (2002). Copyright 2002 American Institute of Physics.
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CH,=CHCI + ®,, 30, —
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HCI




VCI Experimental Setup

Excimer| 308nm | Dye |404.6 N

> —
Laser Laser Hg Tripling
% A Cell TOF/MS
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Nd:YAG LaserI H S
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Wave Packet Control

pump pulse dump pulse




Possible FEL Experiment

* Pump-probe study of time-resolved
iIntersystem crossing in pyrazine

« Wave packet control of ISC



Pyrazine Intersystem Crossing

C4NyH,



Photoelectron Spectrum of Pyrazine
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Reprinted with permission from S. Hillenbrand, L. Zhu, P. Johnson,
JCP 95, 2237 (1991). Copyright 1991 American Institute of Physics.



Material Processing

* Biomedical applications
* Microfluidics
 Nano-fabrication
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