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Control over the product branching ratio in the photodissociation of & Na3s) + Na(3p)
and Nd3s) + Na(3d) is demonstrated using a two-photon incoherent interference control scenario.
Ordinary pulsed nanosecond lasers are used andsNa thermal equilibrium in a heat pipe. Results
show a depletion in the Nad) product of at least 25% and a concomitant increase in tHdNayield
as the relative frequency of the two lasers is scanned.

PACS numbers: 34.50.Rk, 33.80.Gj

We report the experimental observation of laser controbf this scenario as it applies to MN#& shown in Fig. 1.)
over a branching photochemical reaction. The reactioheoretical studies [14] further showed that the character
studied is the two-photon dissociation of the Maolecule  of this interference depends on the relative frequency be-
at energies where one Na atom is in its ground state anveen the two light fields, and that selectivity between the

one Na atom is in thef8 4s, or A states, i.e., Na(3p) and Na(8l) channels [Eqg. (1)] can be achieved by
Na(3s) + Na(3p). varying ; or w . This effect is wrtgally_lndep_endent Qf
oy a(3) aB3p) the relative phase between the two light fields; i.e., the light
Na — Na(3s) + Na(4s), (1) fields need not be coherent. Thus, although the control de-
Na(3s) + Na(3d). pends on quantum interference, t.he.se interference_s are not
) destroyed by incoherence of the incident laser radiation.
Control is demonstrated over the NeJANa(3p) branch- The fact that this control scenario does not require laser
Ing ratio. coherence makes it especially attractive for laboratory use
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been a long-standing goal of both physicists and chemists.
an area of research known as coherent control. Experi
that current directionality can be phase controlled [7-12].
) \/Alzu Sstipt

manipulate integral yields intdifferent competing prod-

Our approach is based upon our recent theoretical pre -.05 T . .
arrangement one gives structure to the continuum by opti|G. 1. Incoherent interference control (IIC) scheme and
unpopulated bound state using a laser field of frequencgrIrocess proceeds from an initial sate, assigned herev as (
continuum using a laser field of frequeney, thena quan-  resonances. The, photon dresses the continuum with the

Achieving laser control over dynamical processes has
Recent theoretical work [1-3] has shown that this goal 2o | L L L I !
may be achieved by manipulating quantum interferences
mental verification of the basic principles of coherent con-
trol have followed [4—12] showing, for example, that total = UG- e
ionization rates can be coherently modulated [6—9] anc g 10 \/ﬁ[/ﬁg—s s
3\
However, there has only been one very recent report [13.
of the primary aim of coherent control: to successfully
uct channels. Here we present an experimental demon- ] )
stration of such control.
1
diction [14] that laser induced continuum structure (LICS) 2 4 6 8 o 12 1 ®
[15] can give rise to final channel selectivity. In this R(Na-Na) (a.u)
cally dressing it with a bound state. We showed theoretipotential energy curves for Na In this scheme a@;-photon
cally [14] that if we dress the continuum with an initially excitation interferes with anw, photon. The two-photon
. . . ,J = 37), via thev = 35,J = 36,38 levels, belonging to the
@ 5 While exciting a populated bound state to this dresse teractingA'S, /°TI, electronic states, acting as intermediate
tum interference arises whose destructive or constructivgnitially unpopulatedy =93, J =36 andv =93, J =38 levels
character depends upon the final channel. (An illustrationf theA'S,/*II, electronic states.
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since generally available, nontransform limited, nsec dyagreement with the experiment. The calculations were
lasers can be used. In our experiment we use two dydone for the initially unpopulated = 93,J = 31 and
lasers pumped by a frequency-doubled Nd-YAG laserv = 93,7 = 33 levels of the mixed'S, /*TI, electronic
One dye laser, whose frequeney, was tuned between state, accessed via the= 33,7 = 31 andv = 33,J =
13312 and13328 cm™!, was used to dress the contin- 33 intermediate resonances by the 2photon process.
uum with a vibrotational state of tha's,/°TI, mixed Thesewv,J values differ slightly from those which we
electronic state [16] of Na The other dye laser, whose experimentally assignedv(= 35 and J = 36 and 38),
frequencyw ; was fixed at17474.12 cm™!, was used to but the line shapes were found to change very little with
induce a two-photon dissociation of the= 5,/ = 37  small changes im,J. Considering the uncertainties in the
ground state of Na through intermediate resonances (as-theoretical potentials used [17,18], the agreement between
signed asv = 35,J = 38 and v = 35,J = 36) of the theory and experiment [especially in the NadZignal]
A'S, /21, mixed state. Ouw, and w, pulses, both of is impressive. Additional computations [14] suggest that
~5 nsec duration with the stronger amongst themn,)( the observed experimental substructures may be due to
having an energy of-3.5 mJ, were made to overlap in the excitation of numerous additional, as yet unassigned,
a heat pipe containing Na vapor at 370—4C0 Spon- thermally populated vibrotational Nanergy levels.
taneous emission from the excited Na atoms(fNa — The Na(®) experimental signal is superimposed on a
Na(3p) and Na3p) — Na(3s)] resulting from the Na  high background due to population of the Na)3tate
photodissociation was detected and dispersed in a spely emission from the Na(§ and Na(4) states, and due
trometer and a detector with a narrow bandpass filter.  to direct population of Na(@ from the Ng molecule

Figure 2 shows experimental Nafi3and Na(®) emis- by anw; + w, absorption [not possible energetically for
sion as a function ofv , at a fixedw ;. Each point rep- the Na(3l) channel]. We also had to overcome radiation
resents an average over a few hundred laser shots, eai¢hpping effects by monitoring the K&p) — Na(4s)
chosen to have am , pulse energy which deviates by less emission off line center. The results shown in Figs. 2
than 5% from 3.5 mJ. At these energies we estimate ouand 4 are obtained by subtracting the contribution of these
pulse intensity to be~10” W/cn?. We see that when processes from the observed Na(3ignal. To do so
the Na(3l) yield dips, the Na(p) yield peaks, in accor- we calibrated the contribution from the {$a) — Na(3p)
dance with theoretical expectation [17]. The controlledemission via a separate experiment, where we monitored
modulation of the Na(8)/Na(3d) branching ratio is seen the Na(3) signal resulting from the direct two-photon
to exceed 30%. excitation of the Na(@) state. The directw; + w>

The theoretical calculations [17] of the Nalj3yield  contribution was accounted for by measuring the (3
resulting from photodissociation of a single initial Na signal at differentw; + w, intensities. Because we
bound state are presented in Fig. 3 and contrasted witsaturate the one-photom,; resonance, the dependence
the experimental results of Fig. 2. The same is done
in Fig. 4 for the Na(p) yield. We see two major

Na(3d) dips, accompanied by Ng{B peaks, in good ' L ' !
Na,—=Na+Na(3d); Theory and experiment
"
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13316 l 13317 ' 13318 FIG. 3. Comparison of the experimental and theoretical
wy (cm™) Na, — Na(3s) + Na(3d) yields as a function ofw,. In the

calculation, an intermediatev = 33,J = 31,33 resonance
FIG. 2. Experimental Na@ fluorescence (solid) and is used andw, is fixed at 17720 cm™!. The intensities
Na(3p) fluorescence (dashed) (both uncalibrated) for theof the two laser fields ard(w;) = 1.72 X 10® W/cn? and
Na, — Na(3s) + Na(3d),Na(3p) IIC scenario whose details I(w,;)=2.84 X 108 W/cn?. The w, frequency axis of the
are given in Fig. 1, as a function of the, frequency. Thew calculated results was shifted byl.5 cm™! in order to better
frequency is fixed at7474.12 cm™!. compare the predicted and measured line shapes.
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70 w , frequencies probed. The only thing which changes is
_ Na,~Na+Na(3p); Theory and experiment the area under the decay curve. This indicates that it is
= 68+ - the actual production of the NaB[Na(3p)] state which
s is affected by changing ,, and not its subsequent decay
S 66 theory L [buildup].
8 (@, _“i em ) (5) We shifted thew, frequency (by —0.19 and
S 64 = —0.40 cm™!) and examined the effect of such shifts on
5 the dependence of the Nalj3and Na(®) yields onw ,.
B 62- - Since the two-photornw ; absorption is mediated by a
< (saturated) intermediate one-photon resonance, abe
Z 60 - dependence of the NafBand Na(®) structures should
move by an amount equal to the, shift. This is
58 T T T indeed the case, as demonstrated in Fig. 5, where the
13315 13320 13325_1 13330 13335 ,-dependent structures are seen to redshift, respectively,
we (om ™) by 0.23 and0.37 cm™!. These values are, within our

FIG. 4. Comparison of the experimental and theoreticafrfequency resolution of=0.04 cm™!, in perfect accord
Na, — Na(3s) + Na(3p) yields as a function ofw, with  with the above expectations. A similar shift of the Na)3

parameters as in Fig. 3. peaks was also observed, thus verifying the optical origin
of the effect.
In summary, we have experimentally demonstrated
laser control of branching photochemical reactions using
of the w; + w, process was found to be linear in the quantum interference phenomena. In addition, we have
w , intensity. Hence, determining the slope and intercepbvercome two major experimental obstacles to the general
of this linear dependence allowed us to subtract out itémplementation of optical control of reactions: (a) we
contribution at the experimental ; and w , intensities. have achieved control using incoherently related light

To confirm that the observed Nal3dip and Na(®) sources, and (b) we have affected control in a bulk,
peak structures are indeed due to incoherent interferent¢kermally equilibrated, system.
control, i.e., the interference between the, and w, We wish to acknowledge the invaluable help of I. Levy
induced optical processes, we ran the following checks. and Z. Kotler in building the experiment. This work was

(1) We verified that what we are seeing isteong field supported by the Minerva Foundation, Germany, by the
effect by changing the , power. Reducing the power by Israel Academy of Sciences Equipment Programme and
a factor of ~50 resulted in the complete vanishing of the
dip and peak structures.

(2) We verified that the observed structures are due tc~ ! ! ! !
the combinedaction of the two lasers by delaying tlag,
pulse relative to thew, pulse. A delay of*19 nsec, NESN
guaranteeing no overlap between the pulses, completels 7| * / g B
eliminated the Na(@) dips.

(3) We rotated the planes of polarization of the two
lasers and noted no change in the observed Na* fluores ¢ NS 1
cence. This indicates that the observed peaks and valley §
are not due to the polarization of the sodium atoms. It § Y e
also demonstrates that the Na atoms resulting from the= R JRPTN
dissociation are unpolarized. - !

(4) Real time measurements of the rise and decay o
the Na(?l) and Na(®) signals were performed. If the
observed structures are due to an accidental secondal
transfer of population from the NafpB to the Na(®)
state then such a mechanism_would be r::—:.flected' in theig 5. The Na(@) fluorescence as a function ab, for
time dependence of the NalBsignal. Specifically, if & three differentw , frequencies. The lowest trace corresponds
(collisional or other relaxational) mechanism was in effectto an w, value of 17474.12 cm™!. The upper traces result
at onew , frequency and not at another, thus giving rise tofrom redshifting thew , frequency by 0.19 and.40 cm™'.
the observed Na dip and Na(®) peak at that particular We observe a redshift in the , dependence of the Na{B

yield of, respectively, 0.23 an@l37 cm™', each being, without
 , frequency, we would see a faster decay of the Na(3 experimental uncertainty of+0.04 cm™!, identical to the

signal at that frequency relative to the other. Our findingsespectivew ; shift. Note that the other substructures of the
show anidentical decay curve for the Na¢B signal atall Na(3d) line shapes show similar shifts.
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