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COMMUNICATIONS

Coherent phase control of the photoionization of H 2S

Valeria D. Kleiman, Langchi Zhu, Xiaonong Li, and Robert J. Gordon
Department of Chemistry (m/c 111), University of lllinois at Chicago, 845 West Taylor Street, Chicago,
lllinois 60607-7061

(Received 30 December 1994; accepted 30 January)1995

Coherent phase control was demonstrated for a bound-to-continuum transition of a polyatomic
molecule. Three UV photons of frequenay, and one vacuum ultraviolefvUV) photon of
frequencyw;=3w, simultaneously excited 4$ above its ionization threshold. The parent iogSH

and fragment ions, HSand S, produced by absorption of additional photons, were observed. All
three ion signals were modulated as the phase difference between the light fields was
varied. © 1995 American Institute of Physics.

Controlling the outcome of a chemical reaction has beerf control possible for bound-to-continuum transitions would
a long standing goal in reaction dynamics. A number of wayde substantially reduced.
of using coherent light to manipulate the reactants have been We report here the first observation of coherent control
proposed over the past decdd@ne general approach is to of the total cross section of a bound-to-continuum transition
exploit the principle of quantum mechanical interference bein a polyatomic molecule. In this experiment we used the
tween two competing reaction paths to control the reactioguantum mechanical interference method of Shapiro,
probability? With this method the phase difference betweenHepburn, and Brumét to control the direct ionization of
the paths is used to modulate the cross section. A secortd,S. With this approach, three UV photons of frequeagy
approach is to use shaped ultrashort light pulses to contréind one VUV photon of frequency;=3w, (or wavelength
the temporal evolution of a wave pacKet. N1=3\3) simultaneously excite the parent molecule. The
Experimental progress in implementing these proposal§ansition probabilityP is given by the expression
has been slow. Most demonstrations of coherent control em- _ 3 341/2
ployed weak fields to control transitions in atoms and di- P=15S3H 1151+ 2151117 "S15 coSA . @
atomic molecules. Elliott and co-workémssed the competi- Herel, is the intensity of the UV beant is the intensity of
tion between one- and three-photon excitation to control thehe VUV beam,S; andS; are the respective absorption co-
6s 'Sy—6p P, transition in Hg, while Gordon and efficients,S;;is a mixed matrix element,andA¢ is a phase
co-workers®® used one and three photons to control rotation-difference,
ally resolved transitions to Rydberg states of HCI and CO.
Using a pair of ultrashort light pulses to prepare an excited Ap=d3=3h1+ 13, @

state wave packet, Scheretral.” controlled theX«—B tran-  \here ¢, and ¢, are the constant terms in the phases of the
sition of I,. Baranovaet al® and Yin et al® used one and  two light sources, and,s is a molecular term. Equatiofi)
two photons to control the angular distributions of photoelecshows that by experimentally varyiniye it is possible to
trons produced from alkali atoms. Because the continuunmodulate the transition probability.
states populated in these experiments are orthogonal to each The apparatus is similar to one described previot$fy
other, control over the total cross section was not possiblerhe UV beam was generated by doubling the frequency of
Working with intense(>10"* W cm™?) fields, Mulleret al’®  an excimer-pumped dye lasérambda Physik Lextra 50 and
used 1066 and 533 nm radiation to control the aboveScanmate Il, DMQ dye~2.0 mJ/pulse, 10 Hz Tunable
threshold ionization of Kr. VUV radiation between 117.6 and 118.9 nm was produced
Much work remains to be done before active control offrom the UV beam by third harmonic generation-#5 Torr
chemically interesting reactions becomes a reality. A key stepf Xe. The phase difference between the two sources was
is to demonstrate that it is possible to control transitions invaried by passing the laser beams through a tuning cell con-
polyatomic molecules. It is also important to show that thetaining H, gas. Since the refractive index of, iiffers in the
total cross section of a bound-to-continuum transition can b&V and VUV? the relative phases of the two beams is
controlled with a weak field. It is conceivable that the suc-shifted by an amount proportional to the hydrogen pressure.
cess achieved so far was due in part to the low state densifhe tuning cell contains a pair of dielectrically coated con-
of atoms and diatomic molecules and in part to the consideave mirrors(f=20.3 cn) which focus both beams into a
erable simplification obtained with discrete state-to-statevacuum chamber. This chamber contains a pulsed valve and
transitions. One might imagine that with thermal mixtures ofa set of Wiley—McLarel? electrodes used to extract ions
polyatomic molecules and nonideal light sources the degregenerated by the focused beams. The pressure of pigénH
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FIG. 1. Intensities of the parent and fragment ions as functions of UV wavelength. The baselines of thacHS signals are shifted for clarity.

the valve was~1 atm. The ions enter a field-free flight tube H, at A;. From the data we obtain a value of
equipped with einzel lenses, deflection plates, and a micrat—n;=(3.51+0.06 <10 * at 118.53 nm, in excellent agree-
channel plate detector. Under our experimental conditionsnent with the calculated value of 3.5¢30 4.2° Most of the

we do not expect any clusteriff§and no evidence was seen experimental error is due to uncertainty in measurements of

for it. the path length. Experiments performed in half nm intervals
Figure 1 shows the three-photon spectrum of the parerftrom 353.0 to 356.0 nm showed similar modulation.
and fragment ions. The ionization threshold ofShear 356 Our results are significant for several reasons. Since the

nm is clearly visible.(This experimental threshold is lower final states of the 8" ion and the ejected electron are gov-
than the measurédionization potential of 84 432 ciit be-  erned by one- and three-photon selection rules, there are
cause of the Stark shift!’ produced by the electric field many angular momentum states reached by three photons
gradient between the extraction electrogfleBelow the that cannot be reached with one photon. For these additional
threshold are visible a number of discrete Rydberg transistates there is only one path, and control is impossible. Since
tions. Above the ionization threshold the total ion signal isfor each mass we measure the total ion signal summed over
roughly constant, indicating that a direct ionization mecha-all final states, the level of control must be reduced. But
nism dominates. Intensity dependence measurements bsince the observed level of control fop$t is comparable to
tween 353.0 and 356.5 nm confirmed thgSH is produced  that of the bound-to-bound transitions of HOlve conclude
above the threshold shown in Fig. 1 by three photons, whilehat the combined probabilities of these additional transitions
HS* and S are produced by four or five photons. must be small.

Figure 2 shows modulation curves for$f, HS", and Consider first the rotation of the ion. The change in ro-
S" at \;,=355.48 nm. These signals were generated by adtational angular momentum follows a propensity rule
justing the Xe pressure in the tripling cell so that the contri-|N"-J"|<1",2*?1 whereN" is the total angular momentum
butions to the HS"™ yield from the UV and VUV sources quantum number of the iofexcluding spip, andJ” and!|”
were approximately equal. The,lgressureP,, in the tuning  are the total and orbital angular momentum guantum num-
cell was then increased from 1 to 7 Torr. The ion peaks havéers of the initial state. The two-photGrzero kinetic energy
modulation depths of-25%, which are comparable to the electron (ZEKE) spectrum of HS shows transitions with
values obtained for bound-to-bound transitions of HCI with|N*-J"| greater than those in the one-photon spectfti@n
the same optic¥® The modulations of all three ions are in the whole, however, the two spectra are strikingly similar.
phase, as is expected, since 'H8nd S are produced by The tendency for one- and two-photon ZEKE spectra to be
photodissociation of k8". A least-squares fit of the data to very similar has also been reported for K&F*Although we
the functionA+ B codqcP,, +d) gives a period of 1.370 Torr are unaware of comparable three-photon nonresonant ZEKE
for all three curves. This period is proportional ig—n;  spectra, our present results indicate that the one- and three-
[see Eq.(2) of Ref. 17, wheren; is the refractive index of photon spectra of & should also be quite similar. A general
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FIG. 2. Parent and fragment ion signals as functions of gas pressure in the phase tuning cell. The smooth curves are least-squares fits of the function
A+B cogcPy+d).

reason why this should be true is that the rotational lindeads us to believe that control of bound-to-continuum pro-
strengths of three-photon allowed, one-photon forbiddercesses in still larger molecules should be possible.
transitions are proportional to a third rank tensor multiple =~ We wish to thank Dr. Satoshi Hashimoto, Dr. Xiaomei
moment?® and are an order of magnitude smaller than theShi, and Dr. Karen Trentelman for their assistance with some
first rank (both one- and three-photon allowedine of the experiments, Professor ldee Lefebvre-Brion, Pro-
strength<® fessor Paul Brumer, and Professor Moshe Shapiro for helpful

Consider next the angular momentum of the electrondiscussions, and the National Science Foundation for its gen-
The larger change ih possible for three-photon excitation erous support.
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