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Dynamics of strong-field above-threshold ionization of argon:
Comparison between experiment and theory
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We record angle-resolved electron-momentum distributions from 800-nm short-pulse laser ionization of
argon and compare our data with numerical solutions of the time-dependentdidgaroequation. A model
potential of argon and the single active electron approximation are used. The calculation shows quantitative
agreement in all dominant features of the experimental results. The energy and angular distributions of the
photoelectrons, together with numerical simulations, allow us to identify the multiple processes involved
during the interaction, such as channel switching, multiphoton resonant and nonresonant ionization, and ac
Stark splitting.
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[. INTRODUCTION monitored continuously with an interferometric autocorrela-
tor and the maximum laser intensity can be varied by a half-
Electron energy distributions from multiphoton ionization wave plate and a polarizing beam splitter. A photoelectron
processes have been an active topic of research since laseraging spectrometefi6] is used to record momentum re-
systems are able to deliver short pulses. Experimental as wedblved photoelectron distribution of the ionization process. A
as theoretical works of the last years mainly concentrate theionstant electric field of 100 V/cm allows the projection of
efforts on the high-energy part of the photoelectron spectrune photoelectrons onto a two-dimensional detector consist-
dominated by an electron distribution due to above-threshol¢hg of a pair of multichannel plates and a phosphor screen.
ionization (ATI) processes. Typical features such as plateay|actron impact positions are recorded with a computer
and jet structures in the energy spectrum can be obséiyed based charge-coupled devi68CD) camera. The software,
and interpreted2]. Only little work has been reported on the i, o mpination with the high repetition rate of the laser of
intensity dependence of the momentum resolved photoele(‘l— kHz, allows the accumulation of 16 107 single-electron

:rt_)ln dspectrum_ at IOV]Y klnetlctelteitror]: ;ner@%ﬂ,thand a dfj' signals per image. Electrons created with the same kinetic
ailed comparison ot current state-ol-tné-art theory ant €Xe ey appear inside a well defined circular pattern. The ra-

periment is missing. Particularly, the presence of highlydius is proportional to the momentum of the electron. Each
resolved structuregFreeman resonanceé]) in the electron ;-0 contains the signal of photoelectrons created by dif-

momentum distributions leads to a detailed analysis of trang, . processes, resulting in a superposition of many corre-

s:cenr: r(?[sonlan(ies, p_Iayl'ngt.a cr(;JmaI role 'Ethe und‘?rSt"’md'ngponding patterns. Because the photoelectron distribution is
of short-puise 1aser lonization ynam[(fﬂ_. ere we give an symmetric with respect to the polarization axis of the linearly
account of a joint experimental-theoretical effort to analyze_ olarized laser, an inverse Abelian transformation can be
the Comp'e?‘ "’!”9%"” and energy patterns t.hat appear liseq to convert the images into angle-resolved momentum
strong-field ionization of argon. The very significant depen'distributions[?]. The center of the transformed images cor-

derlci‘:]e of thkel photqetlectr'(t)n'enehrgy a?d sngulartgilstt.rlblutlonﬁesponds to zero momentum. The distance from the center to
on th€ peak faser intensity 1S snown 1o be quantitalively acz particular point is proportional to the electrons’ momen-
counted for in the single active electron approximation. tum

Il EXPERIMENT B. Laser peak intensity calibration

From the measured pulse energy of the laser we determine
the peak intensity in two independent ways. Since the elec-
A linearly polarized Ti:sapphire laser beam={100 fs,  tronic energies vary with intensityStark effect, excited
Emax=1 mJ) is focussed into a vacuum chamber containingstates successively shift into resonance with multiphoton ab-
argon gas at pressures varying between’ldnd 104 mbar.  sorption when the intensity is increased. Excited atoms ion-
The wavelength is centered at 800 nm with a full width atized with one photon produce photoelectrons with the char-
half maximum (FWHM) of 9 nm. The pulse duration is acteristic signature of the excited state. The appearance of a
peak in the electron spectrum at a given pulse energy corre-
sponds to the laser intensity required to shift a Rydberg state
*Electronic address: Eric.Cormier@celia.u-bordeaux.fr into resonance. The calibratigrelation between laser inten-

A. Experimental setup

1050-2947/2003/6%)/06340%7)/$20.00 67 063405-1 ©2003 The American Physical Society



WIEHLE et al. PHYSICAL REVIEW A 67, 063405 (2003

1.0x10"

Theory Experiment
%8.0x1013- a
300 = 300
= 6.0x10" g _
% - 100 ' 100
g @ § L
= 4.0x10% . il %l J 5T
50 100 150 - -
Pulse Energy [uJ] -300 ; -300
FIG. 1. Intensity calibration as a function of the recorded pulse <300; =100 100 300 300
energy. Open squares, resonance opening. Open triangles, direct
comparison with theory. Open circle, channel switching. Full line, w0 € 00
linear fit.
100 100
sity and pulse energyis realized by assigning a Rydberg
resonance to the pulse energy for which the peak appears _;p - 100
(see Fig. 1, assuming ponderomotive shifting of the excited %
state energy. This coarse intensity calibration is refined with  -300 . -300
the following procedure. The remarkable agreement between
the measured photoelectron spedsee, e.g., Figs.(3) to w300 -100- 100300 300
2(f)] and the ones predicted by theory offers the opportunity
to assign an intensity to various experimentally gained spec-  sm0| € 300
tra by comparing them with theory.
The intensity calibration is reenforced by comparing the 100 100
contrast m(E) of the experimental photoelectron energy
spectra with the calculated ones: ~400 ~100
— . -300 -300
m(E): fma)(E) fmln(E) ' (1)
fmax(E) + fmin(E) 300 -100 100 300 300

where f . (E)=maxf(E’)) for E' e[E—3hw,E+3hw] E B

andf(E) is the number of electrons collected with a kinetic 0 02 04 06 08 10

energy ofE. f,,(E) is defined in a similar manner. The

contrast for any given energy taken as a function of the laser FIG. 2. (Color) Polar plots of the momentum distribution of ATI

intensity exhibits a distinct minimum between two channel0f Ar for 1=3.8X 1(3)13 Wien? [(a) and (b)), 1 =5x 10 W/en [(c)

closureg8]. The contrast minimum intensity observed in the 2hd (@1, I =710 Wicn? [(¢) and (f)]. Theory, left; experiment,

experiment and the calculation can be taken as a furthefdt

means to judge our intensity calibration. As a matter of factyglyme delimited by the laser beam profile; and third, the

the calgulated minimum is observed at an intensity of around,jectron detection procedure as described in Sec. II. The first

6x 10 wien? and the experimental one was found at anyyg parts have been already reported in R6l.and more

energy of 88uJ, in full agreement with the calibration in yecently in Ref[10] and we therefore briefly recall the main

Fig. 1. lines of the procedure. However, we present in more detail

the techniques implemented to simulate the electron detec-

C. Electron energy calibration tion. Atomic units are used in this section unless otherwise

The energy scale of the measured photoelectron spectra%ated , o L . ,
calibrated by means of the energetic distance between neigh- The first step implies the modelization of the interaction
boring ATl peaks, which corresponds to a photon energy?f a single isolated a}tqm and the pulsed eleptromagnetlc
Note that in our experiment, the zero in kinetic electron endfield. In other words, it is necessary t_o de_termlne the final
ergy is unambiguously determined as it corresponds to thétate of the system when the interaction is over. The elec-

center of partially circular patterns in a highly resolved im- trons collected on the detectaree Sec. lloriginate from the
age(see Fig. 2 single ionization of atomic argofdouble ionization is orders

of magnitude lower for laser peak intensities below 7
IIl. THEORY X 10 W/cn?). The model employed hereafter, therefore,
' only considers a single active electrémmong the 18 that
The theoretical results presented in Sec. IV are issuedrgon possesset play a significant role in the interaction,
from a complete simulation of the experiment accounting fori.e., to be released in the continuum during ionization. The
first, the interaction of Ar with the laser pulse on the atomicspatiotemporal wave functiow (r,t) corresponding to this
scale; second, the macroscopic extension of the interactioactive electron is evaluated by numerically solving the asso-
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ciated time-dependent Scliinger equatiof TDSE), which - )
reads in our case, m:ka |W(t=17/2))|%, ©)

1% 1
i—W(r,t)=|—=V2+V(r)—A(t)-p|¥(r,t). (20 where|f,) is the Coulomb wave function corresponding to
at 2 an outgoing electron with momentuik, which reads in

. ) ) terms of partial waves:
The rather complex attractive atomic potential due to the

nucleus screened by the inner-shell electrons is accounted for e

through the central potential(r)=V(r). A recently pub- Fo(r) = Nl a—id ! o*

. . . r= i 1D (r)Y ,0),

lished model potentidl11] for argon provides a very accu- (1) |:20 (iye Ek( Y (60 ®

rate description of both the atomic structub®und statesof

the bare atom and the rescattering properties of the ion cor . . | , . .

These two features are essential in the present case since Aﬁlpere(ﬂ Is the Coulom_b|c phase amﬁEk(r) 's a discretized

is mainly dominated by intermediate resonances due to higrEentinuum wave function. . 3

lying Rydberg states for the low-energy photoelectrons and The procedure described above provides the probability

by backscattering on the parent ion core for high-energy pthf observing an electron emitted with a particular energy and

toelectrons. direction during ionization of a single atom by the laser field
The interaction with the electromagnetic field is expressedVith @ given peak intensity. Unfortunately, the experiment

in the velocity gauge and involves the field vector potentialCCll€Cts electrons originating from atoms located anywhere

related to the electric field b§E(t)=—(J/at)A(t). In the N the interaction volume and therefore experiencing differ-

present experiment, the field is linearly polarized and weent peak intensities and field phasc_as across the peam profile.

choose it directed along theaxis. The intensities considered 1NiS latter fact prevents us from directly comparing the ex-

(from around 18 W/cn? up to several 18 W/cn?) as well perimental data with the theoretical electron spectra. As a
as the laser wavelengtBOO nm are highly compatible with matter of fact, except for low intensity spectra, the ATl peaks

a semiclassical representation of the field within the dipol€'€Ver appear at the expected energy location. Moreover, ATI

approximation. Although the temporal profile of a laser IOu|S(_:,substructures raise or disappear independently in both data.

fits, to some extent, a Gaussian envelope, we model it with 2ctually, trying to interpret the measurement on the view of
cosine square function to get rid of the long Gaussian taiIsEhe the_oretlcal results for a s_lngle intensity can be mislead-
Thus, the field potential reads ing. It is therefore a necessity to compute electron spectra

resulting from the interaction of the laser beam with all the
2 atoms contained in the interaction volume. This is achieved
sin(wt)e,, ©) by computing the yield of electrons emitted in, e.g., the
direction with a kinetic energ¥, as[12]

EO Tt
A(t)= o 0057

wheret varies in[ — 7/2,7/2]. The peak intensity is therefore
given by | =3.509x 10'°E3 W/cn?, whereE, is the maxi- N(Ek,ak)zpf
mum field amplituder defines the total pulse duration that
leads to an intensity FWHM of 8.80610 7 fs.

The differential Eq.(2) expressed in the spherical set of wherep is the density of atoms in the chamb@ssumed
coordinates is solved numerically by expanding the solutiorconstant The volume ¢V/dl)dl experiencing an intensity
on a radial basis 0B splines and an angular basis of spheri-betweenl andl +dl is defined in Ref[13] for a Lorentzian

IP(l) oV

IEd6y ardh ™

cal harmonics as (propagation directionand a Gaussiaftransverse direction
beam profile. In practice, less than a hundred partial spectra
Imax N B,(r) dPIJE 90, corresponding to various intensities are com-
\I’(r,t)=|20 21 c!(t)'TY,O(a,db). (4)  puted. We then interpolate those spectra with respedt to
=0 <

before performing the summatidi).

The multi-intensity photoelectron spectra are used as an
Injecting Eq. (4) in the ordinary differential equatioi2)  input for a simulation of the experiment. Random photoelec-
leads to a set dfll,,, coupled differential equations that are tron energies and emission angles were generated. The prob-
solved for the unknown coefficiemé(t) using the Crank- ability was given by the calculated multi-intensity spectra.
Nicholson method. Note that our approach allows to manipuExperimental parameters are used to calculate the impact po-
late very large basis sefgp to 100 000 elements in the worst sition on the detector. The single-electron response of each
case since theB-spline discretization method generates ex-simulated electron was taken into account by choosing one
tremely sparse matrices. out of 1000 experimentally determined single event signals.

The electron angular and momentum distribution is com-The technique allows us to include the experimental reduc-
puted at the end of the pulse by projecting the total finaltion of the resolution due to the limited number of pixels of
wave function onto eigenstates corresponding to electronsur CCD device as well as the statistical distribution of the
emitted in the parent ion continuum with a given momentumsignal produced by one single electron, when it hits the de-
vector, tector. Each theoretical image is the summed signal from
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10° electrons that were subjected to the projection field ofresonant states have different parity in two successive chan-
the spectrometer in the same way as experimental photoelenels inducing different dynamics. We therefore have chosen
trons. to present and discuss spectra corresponding to ionization in
the 12-photon ionization channfla) and (b) in Fig. 2], at
IV. RESULTS AND DISCUSSION the channel SWitChind(C) and (d) in Flg 2], and in the
13-photon ionization channgle) and(f) in Fig. 2]. Note that
Photoelectron momentum spectra were recorded for interthe discussion also holds for higher channel switchings.
sities varying from 1=3x10"°W/cn? up to 1=2 A more stringent quantitative comparison is achieved by
X 10" Wicn?. Independently, calculations were performed extracting from the data, energy and angular distributions as
with the same set of parameters. The comparison betwe&lhown in Fig. 3. The first column represents the electron
experimental and simulated spectra is excellent for the wholgerqy distribution for the three selected laser peak intensi-
range of intensities as discussed below. We have chosen {Rs These are obtained by integrating over angles from
present a selection of three pairs of imadese Fig. 2, —10° to 10°. The agreement is very good: both the simu-
which we consider representative of the various regimes enNzeq and measured data exhibit peaks at the same position
countered. The radial and angular coordinates in the photqyty comparable amplitudes for all intensities. The channel
electron images give the momentum and the ejection anglgwitching is well illustrated by comparing spectta), (b)

of p_hotoelectrons. T_he linear Iase_r polarization is_ orienteqind(e)’ (f). Clearly, the resonances involved in each process
vertical. The probability for detecting an electron is codedy e gifferent. To get a better insight, we have plotted the

into a linear color scale. angular distribution corresponding to the labeled selected
peaks(the three columns on the righfThe angular distribu-
A. Channel switching tions reveal the parity and the dominant angular-angular mo-

As can be seen in Fig. 2, drastic changes are observed mentum of the emitted electrons at that particular energy.

the way electrons are ejected from their parent ions as the
laser intensity is raised. At low intensity, 11 photons are re-
quired to ionize Ar. When the laser strength is increased, the The accurate simulation allows to recover the full dynam-
electrons acquire a significant ponderomotive end@y- ics and a reliable identification of the resonances as demon-
portional to the field intensitydue to their oscillatory motion strated below. Although we illustrate the discussion in a
in the field. Thus, to achieve ionization, more energy needsingle particular case, all spectrum peaks have been investi-
to be deposited in the system. Indeed, for intensities abovgated through the same procedure.

| =2x 10" W/cn? 12 photons are necessary to bring the Multiphoton ionization and, consequently, above-
system into the continuum. This particular intensity is re-threshold ionization requires high field intensities according
ferred to as the 11-photon ionization channel switching into the high nonlinearity of the process. A minimum of 12
tensity [5]. The successive channels close, in theory] at photons need to be absorbed to bring the system into the first
=4.6x10° W/cn?, 1=7.2x10%W/cn?, and 1=9.8 continuum. lonization is therefore expected to varyl &s

x 10" W/en? for 12-, 13-, and 14-photon ionization, respec- Any of these high-order processes should, in principle, pro-
tively. Shortly after a channel has switched, the ionization isduce a significant contribution when the field is at the peak
dominated by resonant multiphoton ionization with the high-intensity. In the experiment, however, the situation is differ-
lying Rydberg statep4,14]. Due to the dipole selection rules, ent because the incident laser beam has a spatial dependence.

B. Resonant ionization
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ot measured angular distribution. At this rather low intensity, a
1 =32%10" Wem® resonant process is restricted to 11-photon resonant 12-
LT N photon ionization. According to the dipole selection rules

3x107' and the fact that=5 clearly dominates, this resonant state

belongs either to thé=4 or |=6 symmetry. If we now
assume that the high-lying Rydberg states ponderomotively
shift as the ionization potentidl.e., by Up), the resonant
level should lie around=—0.020 65 a.u. The nearest can-
didate is the § state Es3=—0.02 a.u.) which, in theory,

(1)

-4
o 2x10

P

1x107F shifts into resonance with the absorption of 11 photons at an
i intensity of | =2.9x 10" W/cn?. The discrepancy observed
- between these two intensities might be due to two reasons.
0 W i3 On the one hand, we have made the assumption that the state
X10 3x10 4x10 . . . . . .
I [Wiem’] shifts upward like the ionization threshold. It might happen

that the energy shift is affected by a quasiresonant one- or

FIG. 4. Intensity dependence of the electron yield wih ~ two-photon coupling to another bound state, thus modifying
=1 eV for a peak intensity df=3.8x 10** W/c?. The main con-  the resonant intensity. We have observed that this argument
tribution is from atoms experiencing a resonant intensityl of is valid only for low-lying Rydberg states. On the other hand,
=3.2x10" Wienr. the resonant process should last for a while for the produc-

tion of electrons to be significant. Therefore, we expect that

Apart from ionizing the system, the field also induces a disthe observed resonance intensity is higher than the theoreti-
tortion and ac Stark shifts the atomic levels. Accordingly, thecal one, so that resonant ionization lasts several femtosec-
ionization potential is increased by the ponderomotive enends around the field peak intensity. This identification is
ergy U, . This modification of the atomic structure dynami- reenforced by looking at the bound states dynamics during
cally induces resonances that boost the ionization when théne interaction. In Fig. 5 we compare the time-dependent
detuning vanishesREMPI). Note that the resonance can populations of two types of Rydberg states, namely, ghe
take place before or after the laser pulse maximum. For geries and the & They both dynamically shift into reso-
given peak intensity, an electron detected with a particulanance. However, thg series is responsible for a great en-
kinetic energy may have been emitted long before the fielthancement and, in particular, the State, while the 8 is
maximum. Alternatively, this electron may come from a lo- not. The behavior is very different: the contributing states
cation in the interaction volume which is off the propagationkeep a significant population at the end of the putgmnta-
axis and therefore originating from an atom experiencing aeous deexcitation is not accounted for in the mpdehile
lower temporal peak intensity. the other does not.

These contributions might dominate the spectrum since The remaining 17.5% of the populationlis 7 is still due
the ionization enhancement due to a particular resonana® the 5y resonance, which is coupled to the 7 continuum
(which happens for an atom experiencing a fixed intensity through three photongnost probably two photons absorbed
always produces electrons at the same energy. No mattahd one emitted This scheme is confirmed by the domi-
where or when they have been emitted, the contributions addance ofl =6 in the first ATI peak labeled3) [see the an-
up at the same energy in the spectrum, thus giving peakegular distribution in Fig. 3
structures. As a matter of fact, peakd), (2), and(3), separated by an

Let us consider the peak labeléd) in the upper left exact photon energy, all originate from atoms that went
graph in Fig. 3. The experiment informs us that the electronshrough resonance with they5 Similarly, peakg4), (5), and
contributing to that peak are emitted with a kinetic energy of(6) are populated by electrons emitted from other locations
E1)=0.0363 a.u.(0.99 eV} and an angular momentum and other times and due to another resonant state. Applying
dominated byl =5 (five minima in the angular distribution  the same procedure, we have found that the contribution
In order to get a better insight of the process, we first havgomes from the d (going through resonance &t=3.64
considered the production of electrofieom a single atomn  x 10'® W/cn?) and the & (going through resonance &t
with kinetic energyE ;) as a function of the maximum tem- =3.55x 10'% W/cn?). These resonances are close to each
poral field intensity. The production of such electrons has a@ther and are not resolved by the experim@nit are distin-
sharp peak centered around an intensity 19fy)=3.2  guishable in the high-resolution calculatiprieading to the
X 10" W/cn? (the maximum intensity being in that case production of a broad pedlsee peakg5) and (6)]. As ex-
l(1y=3.8x 10" W/cn¥) as shown in Fig. # The detected pected, the leading angular momenta observed &, |
electrons atE(;y are thus originating from those locations =6, andl=7 for the peakg1), (2), and(3), respectively,
where, due to the spatial beam distribution, the local tempoand| =3, | =4, andl =5 for the peak$4), (5), and(6). Note
ral field maximum intensity id ;)=3.2<10" W/cn?. By  that the angular distribution of peaks) reveals eight
checking the population createdg ) with a field intensity  minima. In all cases, the peaks contain a mixture of angular
I 1) we have found the following angular momentum distri- momenta[even symmetry for peak5)]. The number of
bution: 66.5% inl=5, 17.5% inl=7, 9% inl=1, and 7% minima in the angular distribution is determined by the high-
in | =3. The domination of =5 is in agreement with the estl value, which is 8 in that case. However, a close look to
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FIG. 5. (Color) Populations of the 8 and fewg states as a function of time. Note the particular behavior ofgttstates(keeping

population at the end of the pulsewhich play a significant enhancing role in ionization compared to the inoperativel 53.8
X 101 Wicn?.

the simulated data shows, at the energy of p@&ka domi- nance(at 2 eV} is safely attributed to (1%2)-photon ATI
nance ofl=4. The experimental resolution is sufficient to through 4. However, there is no state to trivially assign to
resolve the substructure located on the right side of g&ak the lower resonance. The energy levels of argon are such that
due to the §. The higher resonancesd78g, ...) are not the 4d is almost resonantly coupled with the inngp 4tate
resolved but generate the broad pedestal between 1.2 and h@ a photon of 1.55 eV. Since the applied field is very strong,
eV. the coupling will repel these two states and lead to a splitting
The second row of graphs from Fig. 3, measured for arof the ionization peak. The structure at 1.81 eV is therefore
intensity of | =5x 10' W/cn?, is an intermediate situation due to the 4 and the double structure results from the
where the ionization potential has shifted in such a way thatiressed transition gt4d. The evidence for that is, unlike
12-photon resonant 13-photon ionization is now possibleisolated Rydberg resonances, the peak attributecptshifts
channel switching happens lat 4.6x 10*3 W/cn?. Because downward as the intensity is increased, giving rise to the
different parity states come into resonance, a new comb doic-Stark splitting.
peaks arises while the other comb tends to disappear. These
new peaks, labele), (b), and(c), seem, at the first glance,

to be due to a resonance with thel 4tate (at |=3.7 The broadeni b din th K 418 eVi
X 101 W/cn?). This is consistent with the angular distribu- _._' ¢ Proadening observed in the peak around 1.6 €V n
Fig. 6 is not only due to the splitting but also to nonresonant

tion of peak(b). However, a deeper look reveals a more. >~ | . LI .
complicated situation, which we discuss in the following Sec_lpmzatlon. Unlike resonant ionization where the contribu-
tion. tions always add up at the same electron energy, nonresonant
Finally, the last row in Fig. 3, corresponding to an inten-
sity of | =7x 10" W/cn?, reveals a regime in between two
successive channel closures. The dominant comb of peaks
seen for the low intensity case has completely disappeared
and the spectrum is now dominated by the comb due to the
5p and the 4 resonances with 12 photons. The peaks are
more or less centered on the $esonance which occurs at
| =6.35x 10" W/cn? (confirmed by their respective angular
distributions ofl=5 andl=6). The broadening is due, on
the high-energy side, to the embedded resonance withfthe 4
state(which is well resolved in the first ATl pealand, on the r
low-energy side, to nonresonant ionization. 5

D. Nonresonant ionization

KL B B B I A
[ 4p

4d

Electron yield [arb. units]

A R A .
12 1.4 1.6 1.8 2
Electron energy [eV]

C. ac Stark splitting

By omitting the detection process in the simulation, a

higher resolution is achieved and the computation clearly g 6. (Colon High-resolution simulated electron distribution
shows that peakb) in Fig. 3, in fact, contains two sharp 4t 9=0° as a function of intensity. The central peak corresponds to
resonancesgat energies of 1.81 eV and 2 g¥nd a broad peak(b) in Fig. 3. The intensities range froin=4.6x 10 W/cr?
structure centered at 1.6 eV as can be seen in Fig. 6. Thg |=5.4x 10" w/cn?. Note the nonresonant ionization located
broad structure, unlike Freeman resonances, shifts downwamtween 1.3 and 1.7 eV that shifts downward with increasing inten-
as the intensity is increased, characterizing a nonresonasity. Note also the double structure splitting for higher field
ATI process(see the following section The higher reso- strength.

063405-6



DYNAMICS OF STRONG-FIELD ABOVE-THRESHOLD. .. PHYSICAL REVIEW A&7, 063405 (2003

peaks shift downward by the ponderomotive enejyas  atom responsgnonperturbative theojy (2) the integration
the intensity is raised. Note also that the peak amplitud@ver the interaction volume, an@) the simulation of the
increases more rapidly. This situation happens over intensitgletection procedure. The merging of the information coming
ranges where no Rydberg states come into resongiile  from both the experimental and the calculations allows a
We have observed it only in the high-resolution spectra ofobust identification of the many processes invol¢gtannel

Ar, but it happens to be more visible in ATl of X¥&]. The  switching, resonant ionization. .) in the ATl of Ar. The
measurement shows that pe@x in Fig. 3 is dominated by availability of a higher resolution in the theoretical data has
I =5 instead of =3 for the resonant process. This feature isrevealed nonresonant ionization as well as ac Stark splitting.
the signature that the split structure originating from the

4p-4d dressed transition is embedded in the nonresonant
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