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Propagation effects in two-color coherent-control processes

Ce Chen and D. S. Elliott
School of Electrical Engineering, Purdue University, West Lafayette, Indiana 47907
(Received 21 August 1995

We have investigated a two-color coherent-control process at high densities of the absorbing medium.
Irradiating a vapor of atomic mercury with a coherent field, with one component nearly resonant with the
three-photon 6 1Sy—6p P! transition, and the other component the third harmonic of the first, we observe
the interference between the two excitation pathways for this transition. Measurements of this interaction as the
density of the mercury vapor is increased show evidence of nonlinear cogpliage and amplitude locking
of the two field components with each other. This is manifested as a decrease in the magnitude of the
photoionization signal, as well as a decrease of the depth of modulation of the photoionization signal.

PACS numbsd(s): 32.80.Qk

I. INTRODUCTION studies of interference in dense absorbing media. It is desir-
able to apply coherent control techniques to media of as high
The coherent control of optical processes through the maa density as possible in order to maximize yields. It is al-
nipulation of the relative phase and amplitude of interferingready clearly established that in many cases the density can-
transition amplitudes has been investigated by many groupsot be increased without bound, as locally generated fields
in recent years. The prospect for using these processes kave been shown to suppress resonantly enhanced multipho-
control the quantum vyield of optical interactions has moti-ton ionization processes at high pressures in a variety of
vated much of this work1]. Interference in the production exampleg15-18. These effects were predicted as early as
of a single product is observable when two coherent paththe mid-1960s by Manykin and Afanas’gl9] and Gurevich
ways from one initial state to one final state are driven conand Khronopulo[20], who studied parametric effects in
currently. The net transition rate depends on the relative anthree-wave mixing and two-photon resonantly enhanced
plitude and phase of the optical field components driving thehird-harmonic generation. Several additional experimental
interactions, and variation of the phase difference betweef21-24 and theoretical investigation25—-29 played an im-
the field components can result in a change from strong erportant role in the interpretation of the disappearance of
hancemen{constructive interferengeof a process to com- these resonances. Especially relevant to the present work are
plete inhibition (destructive interferenge Coherent control the analyses by Wynn&8] and by Elk, Lambropoulos, and
becomes more interesting when more than one final state ifang[29]. Wynne [28] extended these ideas to an atomic
accessed by the laser field, since then it is possible to contralystem similar in structure to ours, involving a transition
branching ratios between product states. which is both one-photon and three-photon allowed. By in-
This interference has been exploited in several observazluding a variety of optical interactions parametrically
tions. When applied to a bound-bound transition, modulatiormacroscopic polarization at the three-photon frequency cor-
of resonantly enhanced multiphoton ionization of atomicresponding to linear absorption and third-harmonic genera-
mercury[2] and of molecular HC[3] has been observed. tion, and a macroscopic polarization at the fundamental fre-
When applied to a bound-free transition, phase-dependemjuency corresponding to four-wave difference frequency
photoelectron angular distributions in atone-6] and mo-  generation and three-photon absorptig¥ynne showed that
lecular[7] systems, as well as modulation of the ionizationthe field amplitudes and phases are stabilized, or locked to
probability[8], have been observed. DiMaueb al.[9] have  each other, at values at which there is precise destructive
been able to control the angular distribution of photofrag-interference of the transition amplitude for excitation to the
ments in the photodissociation of HD Directional photo- upper state. Ellet al.[29] later presented an improved analy-
ejection has also been observed in solid-phase materials, isis of this samew—3w interference, using an approach
cluding the cathode of a photomultipli¢d0], bulk glass based on the Maxwell-Bloch equations. They arrived at the
media[11], and a GaAs quantum well structur&2]. More  same conclusion, i.e., that the relative field amplitudes and
recently, Gordonet al.[13] have reported successful control phases automatically approach the condition of destructive
over the branching ratio of photodissociation product stateiterference. They also showed quantitatively the role of
of HI for certain wavelength ranges of the photodissociatingnoninterfering channels of similar processes, derived a quan-
laser. While the processes for this last demonstration havtitative condition for the density at which destructive inter-
not yet been elucidated, this work bodes well for future apference occurs, and outlined how to extend the analysis to
plications of coherent control processes in complex molecuthe case of focused Gaussian beams.
lar systems. Nakajima and Lambropoulds!] have shown We examine these effects at high densities by observa-
theoretically that the Fano profile of an autoionizing reso-tions of the interference between the transition moments for
nance can be strongly controlled through this interference aa dipole-allowed transition in atomic mercury driven concur-
well. rently by a one-photon and a three-photon interaction. As the
In this paper we present results from our experimentamercury density is increased, the medium couples the two
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FIG. 2. Experimental cell used for the interference measure-
Mercury ments. The fundamental laser beam is focused into the harmonic
generation cell containing a vapor of mercury atoms which generate

the third-harmonic field component. The two beams diverge from

this cell collinearly, are collimated, and refocused by two spherical

mirrors in the delay cell to the center of the ionization cell where

- we collect the photoelectrons using a configuration of eight collec-

tion electrodes. A detail of the electrodes is shown in the inget.

indicates the direction of propagation of the laser bgam.

FIG. 1. Energy level diagram of mercury. The pulsed dye laser

is tuned slightly to the blue of the resonance frequency of the threefadiation at 185 nm is generated via a resonantlv enhanced
photon & 1S,—6p P{ transition. We observe the resonantly en- 9 y

hanced multiphoton ionization signal under the condition of in-thlrd harmot?]'.c gel?eAr\atlion ptr'oc;e?S Itrk]1 th% vapo:. of e:ctct);nlc

creasing density of the mercury vapor. mercury in this cell. AS IS critical Tor the observation of the
interference, this third-harmonic radiation has a well-

determined phase with respect to that of the laser fundamen-

coherent field components to each other, affecting their rela@l- The visible and ultraviolet beams are collimated and re-
tive phase and amplitude. We are able to measure thedacused into the third celionization cel) of the series using
propagation effects throughout the focal region by using & Pair of spherical mirror¢focal length= 37.5 cm) with a
unique multielectrode photoelectron collector. Thus we cartV-enhanced aluminum coating. The angle of incidence of
study spatial effects of these interactions in detail. Following{he laser beams on these spherical mirrors is kept small
in Secs. Il and I1l, we describe our experiment and discuss it§<3°) in order to minimize astigmatic aberrations. The third
results. In Sec. IV, we apply the theory of Edit al. [29],  cell also contains mercury vapor. The densities of mercury in
extending them somewhat to examine intermediate densitied}e first and third cells are independently controllable by

and compare the results of this analysis to those of our ex¢arying the cell temperatures. The second @dlay cel) is
periment. used to vary the relative phase between the two field com-

ponents. By varying the density of argon gas in this chamber,
the phases of the visible and uv beams undergo a shift of
magnitude ¢,;s=2wlApn>>Y\ and ¢, =6mIApn*EIN, re-
The experiment is carried out using the system used fospectively, wheré is the path length in the delay cellp is
some of our prior observations of the interferei86], in  the change in densitiin amagats andn®**andn'® are the
which we measured diffractional phase shifts of a focusedefractive indices of argon gas at STP conditions at 554 nm
Gaussian beam using three-photon resonant, five-photon ioand 185 nm, respectively. A variation &f¢= ¢, —3b,is
ization of atomic mercury when driven concurrently by a =27 results in a complete cycle in the modulation of the
two-color laser field. A homemade Littman-style short-cavityresonantly enhanced photoionization signal produced in the
dye laser(Rhodamine 6G dyeand a two-stage amplifier, third cell.
each longitudinally pumped by the second harmonic of a The focal region in the ionization cell is approximately
Q-switched Nd:YAG laser, are used to produce a nearlyentered between a ground plane and a set of eight biased
TEM o Gaussian beam at a wavelengthhaf 554 nm(6-mJ ~ (+300 V) collection electrodes. Each electrode is con-
pulse energy, 15-nsec pulse durajiokt this wavelength the  structed from a 1.27-mm-diam stainless-steel rod. They are
laser is tuned near thes6-S,— 6p P{ three-photon transi- aligned transverse to the direction of propagation of the laser
tion. (See Fig. 1. This beam is focused into the first cell beam, side by side, in a plane parallel to the ground plane
(harmonic generation cglof a three cell series, shown in with a center-to-center spacing of 1.65 mm. Each electrode
Fig. 2, using a 20-cm focal-length lens. Coherent ultravioletcollects the photoelectrons generated in the region directly

20 —

II. EXPERIMENT
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FIG. 3. lonization signal as a function of argon gas pressure in FIG. 4. Average ionization signal collected by each of the eight
the delay chamber for each of the eight electrodes. Electrodes agectrodes for four different densities of the mercury vapor in the
numbered 1-8, with 1 indicating the first electrode positioned beionization cell. p; is 1.0+), 2.0*), 4.5(0), or 9.0(<) x10

fore the focus and 8 the last electrode positioned after the focus. cm~>. The density in the harmonic generation cell is>X3m0**
cm™2 for each curve.

between it and the ground plan@he spatial resolution of
the detector is approximately determined by the spacing beion signal over 60—80 laser shots, and is seen to vary
tween the electrodes, with a smaller contribution from thesinusoidally with the argon pressure with a period-ef4
trajectory of the free electrons in the collection figlhe  Torr. This is in accord with the path length in the argon
total charge detected by each of the electrodes for each |aS§|ﬁamber(deIay chamb@r =75 cm, and with published data
pulse is determined concurrently by an eight-channel gategbr the dispersion in the refractive index of argi@1]. The
integrator, and recorded using a laboratory personal comphase shift of the signal from one electrode to the next due to
puter. In this way we are able to measure the number ofhe phase variation of a focused Gaussian beam can be ob-
photoelectrons generated in the laser beam at varying axigerved in the figure(The peak of the sinusoidal variation
distances from the laser focus. shifts consistently to the left from one electrode signal to the
The laser cavity is shofabout 5 cmi so that laser oscil- next) By fitting a sinusoidal curve to each data set, we de-
lation is limited to one to three laser modes on any givenermine the relative phase shift, the amplitude, and the aver-
shot. Since th&-switched Nd:YAG laser used to pump the age value of each electrode signal.
dye laser operates on multiple longitudinal modes, there are |n Fig. 4, we show the average ionization signal for each
shot-to-shot variations of the longitudinal mode structure ofelectrode for four different values of the mercury density in
the dye laser. We observe no deleterious effects for this syshe third cell. Data are shown for a first-cell mercury density
tem attributable to this poor longitudinal mode quality. We of p, =30x 10" cm~2. Two observations are quite striking.
monitor the power of each pulse of the dye laser, and collectirst, the total ionization signal, corresponding to the sum of
data only for those pulses whose energy falls within aeach of the individual electrode signals, is seen to first in-
* 7% window. The beam is somewhat elliptical, with calcu- crease, reach a maximum @§=2.0x 10"* cm~3, and then
lated beam radii of 20um and 34 um at the focus of the decrease with increasing densipy, . This is consistent with
beam in the ionization cell. The peak intensity of the laselpbservations over the past 18 years in which the ionization
fundamental is thus about-410' W cm™~2. The confocal  signal was seen to disappear at high densities due to interfer-
parameters for these beam radii are 0.45 cm and 1.31 Crihg pathways of excitatiofil5—18. The second feature of
respectively. The peak integrated signal which we detect coithese observations is that the distribution of the ionization
responds to the collection of abouk&.0° electrons. At our appears to be shifting with increasing density. For low den-
vapor density and focal size, this corresponds to a maximurgities (p;=1.0x 10** cm %) the signal peaks near the center
ionization probability of about 0.2%. In the following sec- of the chamber, between electrodes 4 and 5. Note that elec-
tion, we discuss the experimental results obtained with thérodes 1 and 8, since they are at the end of the array, collect
system discussed above. electrons from a larger volume of the mercury cell than do
electrodes 2 through 7. Thus their signals are potentially en-
hanced relative to the interior electrodes. As the density in
the third cell increases, the distribution shifts toward higher
A typical data set is shown in Fig. 3, where we haveelectrode number, i.e., toward the exit end of the cell. For
plotted the ionization signal as a function of the argon presp;=9.0x 10 cm™2 the peak of the distribution is shifted
sure in the delay cell for each of the eight collection elec-nearly to electrode 6.
trodes. Each data point represents the average of the ioniza- We have also examined the average ionization rate for

Ill. RESULTS
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250 ! ! , ! x . ! , This dependence would result in a distribution which is
: : : TN : % peaked much more sharply £ 0. There are no data avail-
A k. : 5 ionizati i 1m0
; ; ; A \ 3 5 able on the photoionization cross sections for the"€;
200 > : N e level, but from this intensity dependence it would appear that

any atoms excited to theps'P{ are immediately photoion-
ized. Since photoionization by the laser fundamental is only
1 a second-order process, whereas excitation of thér is a
third-order process, this assertion can be at least partially
justified. We also expect that photoionization by the laser
fundamental dominates over photoionization by the har-
monic field. This expectation is justified on the basis of rela-
tive intensities of the two components of the field, as well as
1 on the proximity to the photoionization threshhold.

There is also an apparent shift of the center of the distri-
bution of the average ionization signal. This is possibly due
in part to dispersion of the fused silica windows between the

electrode number cells. We estimate that the windowthere are two between
the focus in the first cell and the focus in the third cell, each

FIG. 5. Average ionization signal collected by each of the eightgf thickness 1/8 in., or 3.175 mnwill shift the location of
electrodes for six different densities of the mercury vapor in theihe focus of the harmonic by about 1/3 mm with respect to
harmonic generation cellp; is 1.00), 2.0x), 4.5+), 9.0*), that of the fundamental.

14(0), an(‘j1 30(><3) X 10% cm™3. The density in the ionization cell In Fig. 6 we show the dependence of the depth of modu-
is 2.0<10" em~* for each curve. lation of the ionization signal collected by each electrode for
four values of vapor density in the third cell. The depth of
modulation is defined as the amplitude of the sinusoidal
each electrode as the intensity of the third-harmonic beamariation of the ionization signal divided by the average
generated in the first cell is increased. This is shown in Figvalue. Data are shown for two different values of harmonic
5. The third-harmonic intensity increases with increasingintensity input from the first cell. In both cases, the increas-
density of the mercury vapor in the first cefl; [18]. The  ing role of locally generated harmonic with increaspngcan
distribution of the ionization signal is narrow for lowy, and  be seen. The depth of modulation starts very strongly at elec-
increases for largew, . For each data set in Fig. 5, the den- trode 1, before the focus, where there has been no chance of
sity in the third cell isp;=2.0x 10" cm~3, a relatively low local effects modifying the relative phase or amplitude of the
value at which propagation effediwave couplingare mini-  harmonic field. As the beams propagate through the focal
mal. This broadening of the distribution is likely due to the region, the amplitudes and phases tend to lock via the non-
intensity dependence of the one-photon process vs that of tHmear coupling mechanism, resulting in a decreased ampli-
three-photon process. With our multielectrode configurationtude of modulation as the beams emerge from the focal re-
measurements of the spatial variation of the signal near thgion (electrode 8 Phase and amplitude locking is very weak
focus are, at low densities, equivalent to measurements of tifer low values of p3, but quite evident forp;=4.5 or
intensity dependence. When is kept low, little third har-  9.0x 10 cm™3. It is interesting to note that, although the
monic is generated in the first cell, and ionization in the thirdamplitude of the modulation is significantly suppressed for
cell is predominantly due to the three-photon resonance ahese high values gf;, the average ionization rate is also
the laser fundamental with thes6: 6p resonance. The inten- suppressedas shown in Fig. % so that the depth of modu-
sity dependence of this process {n the absence of satura- lation shown in Fig. 6 is only decreased by a factor-ofL/2
tion effects or population transfeteads to ionization peak- from the lowps value.
ing in a region of dimension smaller thdn the confocal Finally, we show in Fig. 7 the ionization signal for each of
parameter of the focused beam. As the density of the first cethe eight electrodes as a function of argon gas pregsere
is increased, an increased intensity of third harmonic resultselative phase of the input field componenfsr two differ-
so that the linear interaction of this light with the atomic ent values of p;. For the left half of the plot,
resonance becomes important, and ionization is strong ovey,=2.0x 10 cm ~3, a relatively low value, while for the
the entire range of length centered about the focal spot. right half p;=9.0x10'* cm™3, a large value. All the fea-
The confocal parametdr for the fundamental and harmonic tures discussed above, i.e., suppression of the average rate of
beams is expected to be the same v4B®. ionization and of the amplitude of the modulation, can be

The distributions of the average photoionization signalseen here.
help us to understand something about the photionization
rates out of the p P{ level. As mentioned above, the mea-
surements made using the multielectrode configuration
amount to measurements of the intensity dependence of the A recent theoretical report by Elk, Lambropoulos, and
interaction. Variation of the laser intensity through the focalTang[29] appeared in which they considered a very similar
region causes the ionization signal to peak in the center, angroblem as we have presented here. While they were moti-
to fall off in either direction from there. We observe that in vated by experiments which had been carried out in xenon
no case are we able to fit the data with l&ndependence. [33], the system was similar to that of our mercury experi-

average ionization signal

IV. THEORY
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FIG. 7. lonization signal as a function of argon gas pressure in

1 TS A the delay chamber for each of the eight electrodes. Data on the left
: : : : : : half (pressure< 11.5 torp correspond to a density gf; = 2.0
OB D : T X 10" cm~3, while for data on the right halfpressure> 11.5 tor)
0Fhe : e : ' _ the density has been increased t0>91@* cm~3. The curves in
c R : : : : the upper panel are for electrode&+}, 2(*), 3(O), and 4(X),
';_!,;0.6- ......... x\ i [ RT ORI ......... _ while 5(+), 6(*), 7(0)’ and 8(><) are shown below.
Eos_ LAY ' : ' S
5 .
§° cluding refractive index phase variations corresponding to all

transitions in the mercurgxceptthe 6s 'Sy—6p P{ tran-
sition) [34], £=2z/b is the normalized dimension in the di-
rection of propagation of the beatn,is the confocal param-
_ eter of the beam, ana is the frequency of the laser. The
5 ; . : : : : amplitude of the harmonic field in their work was zero at the
0 , 2 3 4 5 6 7 s input, but this is easily adjusted as an initial condition in the
electrode number integration of the wave equation. An ac Stark shift of the
transition resonant frequenayy,, is incorporated by includ-
FIG. 6. The depth of modulation of the ionization signal col- ing a term linearly proportional to the laser intensify,; ,

lected by each of the eight electrodes for four different densities of, “ihe expression for the detuning of the laser from reso-
the mercury vapor in the ionization celp; is 1.0(+), 2.0(), nance

4.5(0), or 9.0(x) X 10" cm™3. The density in the generation cell
is 9.0x10* cm™3 for each curve in(@), and 14< 10 cm2 for
each curve inb).

A=a)21—3w+ 5(1)21. (2)

They invoke the adiabatic approximation in their solution of
ment in that the fundamental laser was near three-photothe optical Bloch equations, valid when the rate of variation
resonance with a dipole-allowed transition, and the xeno®f the Bloch vector components is slow compared to the
was photoionized by the absorption of two additional funda-ionization rate from the g level, y, the Rabi precession rate,
mental photons. Their work was based upon a Maxwell{}, the spontaneous emission decay rate, bf other rates
Bloch formalism, and they considered the atomic vapor to b&haracterizing the interaction. As the rate of photoionization
composed of two-level absorbers which interacted with sappears to be so rapid in our experiment, we believe that this
two-frequency optical field consisting of a laser fundamentaRpproximation is likely valid in our case, as well. In this
and its third harmonic, of amplitud€,;s(z) and #,,(2), limit, EIk et al. show that the off-diagonal element of the
respectively. The field componefit,¢(z) is that of an unde- Bloch vector is of the form
pleted focused Gaussian beam,

L@ paot £ () expli A2

(3) —
_ k(x?+y?) 1= - (2), 3
eXp("kZ)EXp(‘b(l—_ig) A(A+iT/2)
Zois(2) = Zis0 — Y : . : NR_ | uv _
1-i¢ where u, is the transition dipole momenfk™"=k"’ -3k

is the wave number mismatdincluding only nonresonant
where #,;s, is the on-axis field amplitude at the focus, contributions to the refractive indgxu'3 is the generalized
k=2m/\N=nwl/c is the wave number of the fundamenti@m-  three-photon dipole moment,



53 PROPAGATION EFFECTS IN TWO-COLOR COHERENT. . 277

(3)_ HimMEmiHi2 4 8 X
= 2 oo 20— o) @

I' is the decay rate of the coherence of the interacion
cluding the transverse lifetime of the transitidn,, the laser
bandwidth, and the ionization rateandn(z) = o11,— 05, is

the slowly varying population difference between treahd

6p levels. The macroscopic polarization related to this ele-
ment is the source term in the wave equation, andeElal.
show that at large densities the third-harmonic amplitude and ©
phase tend to a value that strongly suppresses the resonantl;és
enhanced multiphoton ionization rate. Following their ap- <
proach, and assuming that the harmonic beam also has a
transverse Gaussian profilexpressed in a form similar to
Eg. (1)], we determine that the rate of change of the har- |
monic field amplitude is governed by

D

L3

H

e per atom (1/sec)

ioni

-2 1.5 2
. [ x® expiakNRz) 3 o(2)
E;;UUVO(Z)——Ia a=ig?
3.5 T
+X"P 2, 02 |, (5) 5 ]
where g2s |
2Tw3 E
a= , (6) 2 2 D i
n3C :‘;’_ f
(3) Eis o
Pz m21N(2) s :
()= NR@3) 4 T2 er A7 5 :
X=X A(ATIT/2) ™ g ]
and
0.5 J
R(1)2P|M12|2n(2) ®) f
X TRATITR) of r—
In these expressions; and R are the contributions to
the refractive index at 185 nm and to the third-order hyper- ,5 :
polarizability for third-harmonic generation for all atomic
transitions except thess—6p transition. With this we derive 5
an ionization rate, per atom, of Py I J
it ve) 'n(z) ]
T o= = :
YT 1 ya+ ¥5)] —
| Zw(D ot 23 (Dexpi AR uF)2 &
A[A%+(T/2)%] ' s 1 f 1
© 3 ;
Numerically integrating Eq(5) to determine the variation Y| RSN £ | f i
in &, 0(z), and then computing the ionization rate using Eq. :
(9), we are able to calculate the average value of the ioniza- ;
tion rate, as well as the magnitude of the modulation. These o 1;
are shown as a function of in Fig. 8 for densities B * 2
p3=7.5, 15, and 38 10** cm™ 3. The four curves shown for
each density correspond to the photoionization rate for four
different phases of the input harmonic figfarojected to the FIG. 8. Calculated ionization rate vs position. The focus of the

focus #,, o( —=). The phase difference of the input field for |aser beam is located at=0. The four curves in each panel corre-

one curve to the next is 90°. Other parameters used in owpond to four different phases of the input field. The density of the

computations are peak intensity of the fundamental beam ahercury atoms in the ionization cell is; = 7.5, 15, and 30
the focus =5x10°° Wem™2, u,,=1.31x10°2° Cm, x10“cm™2 for (a), (b), and(c), respectively.
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wd=2x10"°C3m3J72, w,—3w=—1.8x10%rad/sec, oscillator strength and lifetimez, for the 6 1Sy—6p 1P
n(z)=1 everywhere, Stark shife0.14 rad/se¢vV cm™2) transition have been measured by several gr¢8ps3g, so
[35,36], T,=2.6 nsec,r=1.3 nsed 37,38, laser bandwidth we have confidence in the value @f, employed. Similarly,
=5 GHz, cross section for two-photon ionization of thethe Stark shift coefficienf35,36, resulting from the near
6p 1P, level by the laser fundamenta=5x10 %  resonance of the laser fundamental frequency with the
cm*s, and cross section for one-photon ionization of the6p *P{—6d D, transition, is reasonably well measured.
6p 1P, level by the laser harmonie 1X10 % cm?. When  We have usedl,=27, since at these densities collisional
examining these figures, keep in mind that the intensity okffects should be minimal. Little is known @f$3 or either

the laser has a Gaussian profile, but the plots show only thef the two photoionization cross sections, however. We esti-
photoionization rate on the axis of the laser beam. This isnated a value fo{3 using Eq.(4) with m=2, I=1, and
important because of the large ac Stark shift for this interacdoub“ng the result to very roughly approximate the contri-
tion, and the role it plays in the photoionization process. Thgytion due to all other states,|. For the rate of photoion-
photoionization shows two dominant pegks, one at aboubation out of the ® LP? level, we expect that, at our inten-
z=—0.8 cm and one at the focus=0. The first peak occurs  gjties, the two-photon ionization rate is somewhere around
at the point where the ac Stark shift moves tise-@p tran- 114 5-1 45 discussed in Sec. Ill. We chose the two-photon
sition into exact resonance with the laser frequency. Theyqoss section to yield this value. The cross section for linear
magpnitude of this peak depends strongipproximately lin-  ynsioionization of the p 1P, by the laser harmonic was not

early) on the input intensity of the uv field component. We cyitica|. Clearly, improvements of these parameters will help
do not expect, of course, that this peak would be observablgs 5 understand our measurements more fully.

in an experiment since it only occurs at this position on the
laser axis. Off the laser axis the peak will occur closer to the
focus.

The peak at the focus corresponds to the position at which
the intensity of the laser fundamental reaches its peak value. |n this paper we have reported our experimental measure-
The Stark shift has moved the atomic transition frequencynents of two-color coherent control of resonantly enhanced
well beyond resonance with the laser at this point, so thighotoionization in atomic mercury. We have observed the
peak is dominated by nonresonant five-photon ionization. dependence of this interference on the density of the mercury

Both peaks show modulation as the phase of the inpuyapor at an array of positions throughout the focal region of
harmonic is varied, but the modulation is clearly stronger forthe exciting laser beam. In all cases modulation of the photo-
the first peak than for the second. This is a symptom of theonization signal is very strong before the laser beams reach
locking of the relative phase and magnitude of the beams vighe focus. After the focus, we observe that this phase-
their interaction with the mercury vapor as they propagateontrolled modulation, while decreased in amplitude, is still
towards the focus of the beam. Fps=30x10" cm™3,  yisible, even at densities at which the average photoioniza-
there is still significant ionization signal, yet no visible tion signal is significantly suppressed by interference involv-
modulation of the ionization signal. The waves are stronglying the locally generated harmonic field. A simplified nu-
coupled via their interaction with the absorbing medium,merical axial integration of the optical Bloch equations
thus the absence of modulation, but at these densities theshows(i) that the ac Stark shift plays an important role in
are coupled to values which do not lead to complete destrughese interactiongji) that suppression of the resonantly en-
tive interference of the resonance. Our computations indicatBanced ionization signal at elevated densities is not as com-
that the rapid variation of the field amplitudes through theplete for focused beams as it is for plane waves due to the
focal region makes it difficult for the nonlinear medium to rapid variation of the field amplitudes and phases in the focal
efficiently couple the fundamental and harmonic waves, s@egion, and(iii) that the phase and amplitude of the third-
that suppression of the photoionization signal is not comharmonic field component are relatively insensitive to input
plete. The modulation necessary for control, however, is sigconditions at densities which lead to only partial suppression
nificantly reduced at increased densities. of the resonance. This third conclusion resulting from the

There is a great deal of room for improvement of thesenumerical analysis is not supported by our experimental ob-
model calculations. The two most significant improvementsservations, perhaps because of the presence of off-axis ion-
are (i) to include the effects of the transverse Gaussian proization not included in the numerical studies. More rigorous
file of the beam, andii) to improve the parameters used for techniques would be very helpful in a more complete inter-
the three-photon dipole moment of mercury. The wave equapretation of our results.
tion includes a transverse differentiation which we circum-
vented by assuming that the harmonic field will have a trans-
verse Gaussian profile as well. This assumption is valid in ACKNOWLEDGMENTS
the absence of Stark shifts, but poorly deficient in the present
case. We hope that this report will stimulate sufficient inter- Partial funding of this work by the National Science
est that proper treatment of this problem will be undertakenFoundation, Grant No. 9017224-PHY, and the Office of Na-
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V. CONCLUSION
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