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Floquet picture:

Application to identify light-induced molecular dissociation pathways

PHYSICAL REVIEW A 79, 033410 (2009)

Quantum-beat imaging of the nuclear dynamics in D,*: Dependence of bond softening

-

and bond hardening on laser intensity, wavelength, and pulse duration

Maia Magrakvelidze,' Feng He.' Thomas Niederhausen,?
Igor V. Litvinyuk.! and Uwe Thumm'
\James R. Macdonald Laboratory, Kansas State University, Manhatian, Kansas 66506-2604, USA
2Dwm.r-.l'c.vmr.’m‘n de Quimica, C-IX, Universidad Auténoma de Madrid, 28049 Madrid, Spain
(Received 30 January 2009: published 18 March 2009)

Based on a quantum-mechanical model, we calculate the time evolution of an initial nuclear vibrational
Wave packet in D, generated by the rapid jonization of Dy in an ultrashort pump-laser pulse, By Fourjer
transformation of the nuclear probubility density with Tespect to the time delay between the pump pulse and the
instant destructive Coulomb-explosion imaging of the wave packet at the high-intensity spike of an intense
probe-laser pulse, we provide two-dimensional inrernuc]cnr—dismnce-dcpendent power spectra that serve as g
tool for visualizing and analyzing the nuclear dynamies in D," in an intermittent external laser field. The
external field models the pedestal to the centra) ultrashort spike of a realistic probe pulse. Variation in the
intensity, wavelength, and duration of this probe-pulse pedestal (i) allows us to identify the optimal laser
parameters for the observation of field-induced bond softening and bond hardening in D,* and (i) suggests a
scheme for quantitatively testing the validity of the “Flogquet picture™ that is commonly used for the interpre-
tation of short-pulse laser-molecule interactions, despite its implicit “continuum wave™ (infinite pulse length)
assumption.
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FIG. 1. (Color online) Schematic of the simulated KER mea-
surement underlying the frequency-resolved investigation of the
nuclear dynamics in D," discussed in this work. ;I'hc pump-l:n.\:cr -0.8) + > 3 P . -
pulse launches a nuclear wave packet onto the D, lsoy, potential D R (a.u.) —D 2 CL
curve by ionizing D> and starts the molecular clock. After an ad- _ L
justable time delay. an intense short probe pulse promotes the FIG. 3. (Color online) Laser-dressed adiabatic molecular polcn-_
nuclear wave packet onto the 2D* repulsive 1/R Coulomb- tial curves for D,™ and a 500 nm cw laser field with an intensity of
- . . 3 Iy 2 o > o~
explosion curve and allows for the detection of the fragment- 3X10'! (solid red lines) and 103 W, cm= (dﬂ-‘hcd"-"_’"ﬁd blue
Kinetic-energy distribution. lines). Thin black dashed lines show field-free BO potential curves,

I<ER: #ijywu{ ﬁim:ﬁ'c emef‘g? re[eagcf



vdo CL -‘—L; gaug‘@

5LC~—>E' B :_,,f‘ta..st

R e = »

N mmm "¢>';>-1m--l-u~/‘ B L

e _ uyu i—arj ‘ —iw‘ce_e;v.}ﬁur Wwalr ou CfMMctf —5—0 W Eer%qdd&f

n J? o 2 1 __'_‘:‘ E*;f_—L >

o*hrvw s: 22":1;




.»_UL \{C Ha:/, * 4 ’@ 1!aafsez4 ‘?hc{

Cmv{p& u—mm« z%ﬁ ﬁ%&

( O[\S‘(Dmcfc_mguf Vfc—f"u\’")

”"M ﬁM?‘C» (Kra'mew_c ‘_—‘ ;

-H chnne b er &é r— 4o

B~ e o ngm MP’ JM{C il

: ; ! _ S C‘_D?q : ! u ST RN e
,_’E';“ Excurszw r—awgc ‘/uA c,[oss T’C;“CGH?MMS mcﬁ{}e{




SN sp % Pw&: a(.wc, AM___D obsjom-ﬁ;— Par“

7 : el | M'H/\ . MAGO( I*M9‘~M:W_# { 9)( C’-MJ’S’
» Er&wﬁe g T T RN -
e e ey rawm-ta mi
I | SR 00 | |

T ‘qu. 'D”?D'FD eécc. ‘b"w _r @&Cur’g' ./uf r—am@ %




Adiabatic stabilization against photoionization: An experimental study

M. P. de Boer, J. H. Hoogenraad, R. B. Vrijen, R. C. Constantinescu, L. D. Noordam, and H. G. Muller
Phys. Rev. A 50, 4085 ( 1994):

Experiment demonstrating light-induced 1 ]
stabilization against photoionization. For a -
100-fs, 620-nm probe pulse, the optimum | =3 §
choice is the circular 5g state in neon. A ; L ]
picosecond pump laser was used to| £ | } } E 1
_prepare this Rydberg state. When the & i E :
probe intensity is several times 10 W/em? | & L { ]
a decrease in vield with respect to a less I ]
intense pulse is observed, in accordance & = 1.0 ps puise ]
. b ® = 0.1 ps pulse -
with theory. o .
o 5 10
. fluernce (J/cm>)
\perturba!ive FIG. 12. Photoionization yield of the circular 5g state as a
o | regime function of fluence. The open circles were measured with low
£ 'Death Valley' peak intensity (up to 1.2X10"* W/em? 1 ps).. The curve
2 regime represents a fit using the perturbative rate (including depletion )
_g ; Stabilization and an afljustable asymptotic value, The solid circles were mea-
i P it E regime sured using shorter pulses, with the same fluence but more in-
SMfs & ' ; tense (up to 12X 10" W/em?, 0.1 ps). The yield due to these
I > ‘pulses hardly increases with fluence, which indicates stabiliza-
55 x10" Wend " | tion.
log intensity

R-matrix-Floquet theory of multiphoton processes. lI.
Multiphoton ionization of atomic hydrogen

M Dorr', P G Burke', C J Joachain', C J Noble!, J Purvis! and M Terao-Dunseath’
J. Phys. B: At. Mol. Opt. Phys. 26 1L275 (1993) = [ ordeor TD perfurh +h(w7

Using R-matrix-Floquet theory the authors

have analysed the multiphoton ionization
of atomic hydrogen from the ground and
metastable 2s state in an intense, linearly

polarized, monochromatic laser field. The
authors discuss the limits of lowest order
perturbation theory and find high- -

frequency stabilization at high intensities.
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