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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-dependent Schro¨dinger equation. 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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I. INTRODUCTION

Electron energy distributions from multiphoton ionizatio
processes have been an active topic of research since
systems are able to deliver short pulses. Experimental as
as theoretical works of the last years mainly concentrate t
efforts on the high-energy part of the photoelectron spect
dominated by an electron distribution due to above-thresh
ionization ~ATI ! processes. Typical features such as plat
and jet structures in the energy spectrum can be observe@1#
and interpreted@2#. Only little work has been reported on th
intensity dependence of the momentum resolved photoe
tron spectrum at low kinetic electron energy@3#, and a de-
tailed comparison of current state-of-the-art theory and
periment is missing. Particularly, the presence of hig
resolved structures~Freeman resonances@4#! in the electron
momentum distributions leads to a detailed analysis of tr
sient resonances, playing a crucial role in the understan
of short-pulse laser ionization dynamics@5#. Here we give an
account of a joint experimental-theoretical effort to analy
the complex angular and energy patterns that appea
strong-field ionization of argon. The very significant depe
dence of the photoelectron energy and angular distribut
on the peak laser intensity is shown to be quantitatively
counted for in the single active electron approximation.

II. EXPERIMENT

A. Experimental setup

A linearly polarized Ti:sapphire laser beam (t5100 fs,
Emax51 mJ) is focussed into a vacuum chamber contain
argon gas at pressures varying between 1027 and 1024 mbar.
The wavelength is centered at 800 nm with a full width
half maximum ~FWHM! of 9 nm. The pulse duration is
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monitored continuously with an interferometric autocorre
tor and the maximum laser intensity can be varied by a h
wave plate and a polarizing beam splitter. A photoelect
imaging spectrometer@6# is used to record momentum re
solved photoelectron distribution of the ionization process
constant electric field of 100 V/cm allows the projection
the photoelectrons onto a two-dimensional detector cons
ing of a pair of multichannel plates and a phosphor scre
Electron impact positions are recorded with a compu
based charge-coupled device~CCD! camera. The software
in combination with the high repetition rate of the laser
1 kHz, allows the accumulation of 1052107 single-electron
signals per image. Electrons created with the same kin
energy appear inside a well defined circular pattern. The
dius is proportional to the momentum of the electron. Ea
image contains the signal of photoelectrons created by
ferent processes, resulting in a superposition of many co
sponding patterns. Because the photoelectron distributio
symmetric with respect to the polarization axis of the linea
polarized laser, an inverse Abelian transformation can
used to convert the images into angle-resolved momen
distributions@7#. The center of the transformed images co
responds to zero momentum. The distance from the cente
a particular point is proportional to the electrons’ mome
tum.

B. Laser peak intensity calibration

From the measured pulse energy of the laser we determ
the peak intensity in two independent ways. Since the e
tronic energies vary with intensity~Stark effect!, excited
states successively shift into resonance with multiphoton
sorption when the intensity is increased. Excited atoms i
ized with one photon produce photoelectrons with the ch
acteristic signature of the excited state. The appearance
peak in the electron spectrum at a given pulse energy co
sponds to the laser intensity required to shift a Rydberg s
into resonance. The calibration~relation between laser inten
©2003 The American Physical Society05-1
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sity and pulse energy! is realized by assigning a Rydber
resonance to the pulse energy for which the peak app
~see Fig. 1!, assuming ponderomotive shifting of the excit
state energy. This coarse intensity calibration is refined w
the following procedure. The remarkable agreement betw
the measured photoelectron spectra@see, e.g., Figs. 2~a! to
2~f!# and the ones predicted by theory offers the opportun
to assign an intensity to various experimentally gained sp
tra by comparing them with theory.

The intensity calibration is reenforced by comparing t
contrast m(E) of the experimental photoelectron ener
spectra with the calculated ones:

m~E!5
f max~E!2 f min~E!

f max~E!1 f min~E!
, ~1!

where f max(E)5max„f (E8)… for E8P@E2 1
2 \v,E1 1

2 \v#
and f (E) is the number of electrons collected with a kine
energy ofE. f min(E) is defined in a similar manner. Th
contrast for any given energy taken as a function of the la
intensity exhibits a distinct minimum between two chann
closures@8#. The contrast minimum intensity observed in t
experiment and the calculation can be taken as a fur
means to judge our intensity calibration. As a matter of fa
the calculated minimum is observed at an intensity of aro
631013 W/cm2 and the experimental one was found at
energy of 88mJ, in full agreement with the calibration i
Fig. 1.

C. Electron energy calibration

The energy scale of the measured photoelectron spec
calibrated by means of the energetic distance between ne
boring ATI peaks, which corresponds to a photon ener
Note that in our experiment, the zero in kinetic electron e
ergy is unambiguously determined as it corresponds to
center of partially circular patterns in a highly resolved im
age~see Fig. 2!.

III. THEORY

The theoretical results presented in Sec. IV are iss
from a complete simulation of the experiment accounting
first, the interaction of Ar with the laser pulse on the atom
scale; second, the macroscopic extension of the interac

FIG. 1. Intensity calibration as a function of the recorded pu
energy. Open squares, resonance opening. Open triangles,
comparison with theory. Open circle, channel switching. Full lin
linear fit.
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volume delimited by the laser beam profile; and third, t
electron detection procedure as described in Sec. II. The
two parts have been already reported in Ref.@9# and more
recently in Ref.@10# and we therefore briefly recall the mai
lines of the procedure. However, we present in more de
the techniques implemented to simulate the electron de
tion. Atomic units are used in this section unless otherw
stated.

The first step implies the modelization of the interacti
of a single isolated atom and the pulsed electromagn
field. In other words, it is necessary to determine the fi
state of the system when the interaction is over. The e
trons collected on the detector@see Sec. II# originate from the
single ionization of atomic argon~double ionization is orders
of magnitude lower for laser peak intensities below
31013 W/cm2). The model employed hereafter, therefor
only considers a single active electron~among the 18 that
argon possesses! to play a significant role in the interaction
i.e., to be released in the continuum during ionization. T
spatiotemporal wave functionC(r ,t) corresponding to this
active electron is evaluated by numerically solving the as

e
ect
,

FIG. 2. ~Color! Polar plots of the momentum distribution of AT
of Ar for I 53.831013 W/cm2 @~a! and~b!#, I 5531013 W/cm2 @~c!
and~d!#, I 5731013 W/cm2 @~e! and~f!#. Theory, left; experiment,
right.
5-2
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DYNAMICS OF STRONG-FIELD ABOVE-THRESHOLD . . . PHYSICAL REVIEW A67, 063405 ~2003!
ciated time-dependent Schro¨dinger equation~TDSE!, which
reads in our case,

i
]

]t
C~r ,t !5F2

1

2
“

21V~r !2A~ t !•pGC~r ,t !. ~2!

The rather complex attractive atomic potential due to
nucleus screened by the inner-shell electrons is accounte
through the central potentialV(r )5V(r ). A recently pub-
lished model potential@11# for argon provides a very accu
rate description of both the atomic structure~bound states! of
the bare atom and the rescattering properties of the ion c
These two features are essential in the present case sinc
is mainly dominated by intermediate resonances due to h
lying Rydberg states for the low-energy photoelectrons
by backscattering on the parent ion core for high-energy p
toelectrons.

The interaction with the electromagnetic field is expres
in the velocity gauge and involves the field vector poten
related to the electric field byE(t)52(]/]t)A(t). In the
present experiment, the field is linearly polarized and
choose it directed along thez axis. The intensities considere
~from around 1013 W/cm2 up to several 1014 W/cm2) as well
as the laser wavelength~800 nm! are highly compatible with
a semiclassical representation of the field within the dip
approximation. Although the temporal profile of a laser pu
fits, to some extent, a Gaussian envelope, we model it wi
cosine square function to get rid of the long Gaussian ta
Thus, the field potential reads

A~ t !5
E0

v S cos
pt

t D 2

sin~vt !ez , ~3!

wheret varies in@2t/2,t/2#. The peak intensity is therefor
given by I 53.50931016E0

2 W/cm2, whereE0 is the maxi-
mum field amplitude.t defines the total pulse duration th
leads to an intensity FWHM of 8.80631023t fs.

The differential Eq.~2! expressed in the spherical set
coordinates is solved numerically by expanding the solut
on a radial basis ofB splines and an angular basis of sphe
cal harmonics as

C~r ,t !5(
l 50

l max

(
i 51

N

ci
l~ t !

Bi~r !

r
Yl

0~u,f!. ~4!

Injecting Eq. ~4! in the ordinary differential equation~2!
leads to a set ofNlmax coupled differential equations that a
solved for the unknown coefficientsci

l(t) using the Crank-
Nicholson method. Note that our approach allows to mani
late very large basis sets~up to 100 000 elements in the wor
case! since theB-spline discretization method generates e
tremely sparse matrices.

The electron angular and momentum distribution is co
puted at the end of the pulse by projecting the total fi
wave function onto eigenstates corresponding to electr
emitted in the parent ion continuum with a given moment
vector,
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]P

]Ek]uk
5u^ f k

2uC~ t5t/2!&u2, ~5!

whereu f k
2& is the Coulomb wave function corresponding

an outgoing electron with momentumk, which reads in
terms of partial waves:

f k
2~r !5(

l 50

l max

~ i ! le2 id lFEk

l ~r !Yl
0* ~uk,0!, ~6!

whered l is the Coulombic phase andFEk

l (r ) is a discretized

continuum wave function.
The procedure described above provides the probab

of observing an electron emitted with a particular energy a
direction during ionization of a single atom by the laser fie
with a given peak intensity. Unfortunately, the experime
collects electrons originating from atoms located anywh
in the interaction volume and therefore experiencing diff
ent peak intensities and field phases across the beam pr
This latter fact prevents us from directly comparing the e
perimental data with the theoretical electron spectra. A
matter of fact, except for low intensity spectra, the ATI pea
never appear at the expected energy location. Moreover,
substructures raise or disappear independently in both d
Actually, trying to interpret the measurement on the view
the theoretical results for a single intensity can be misle
ing. It is therefore a necessity to compute electron spe
resulting from the interaction of the laser beam with all t
atoms contained in the interaction volume. This is achiev
by computing the yield of electrons emitted in, e.g., theuk
direction with a kinetic energyEk as @12#

N~Ek ,uk!5rE ]P~ I !

]Ek]uk

]V

]I
dI, ~7!

where r is the density of atoms in the chamber~assumed
constant!. The volume (]V/]I )dI experiencing an intensity
betweenI and I 1dI is defined in Ref.@13# for a Lorentzian
~propagation direction! and a Gaussian~transverse direction!
beam profile. In practice, less than a hundred partial spe
]P/]Ek]uk corresponding to various intensities are co
puted. We then interpolate those spectra with respectI
before performing the summation~7!.

The multi-intensity photoelectron spectra are used as
input for a simulation of the experiment. Random photoel
tron energies and emission angles were generated. The p
ability was given by the calculated multi-intensity spect
Experimental parameters are used to calculate the impac
sition on the detector. The single-electron response of e
simulated electron was taken into account by choosing
out of 1000 experimentally determined single event sign
The technique allows us to include the experimental red
tion of the resolution due to the limited number of pixels
our CCD device as well as the statistical distribution of t
signal produced by one single electron, when it hits the
tector. Each theoretical image is the summed signal fr
5-3
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FIG. 3. Electron spectra and
angular distribution of several se
lected ATI peaks of Ar. Top row,
I 53.831013 W/cm2; central row,
I 5531013 W/cm2; and bottom
row, I 5731013 W/cm2. Note the
logarithmic scale on the angula
distributions.
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106 electrons that were subjected to the projection field
the spectrometer in the same way as experimental photo
trons.

IV. RESULTS AND DISCUSSION

Photoelectron momentum spectra were recorded for in
sities varying from I 5331013 W/cm2 up to I 52
31014 W/cm2. Independently, calculations were perform
with the same set of parameters. The comparison betw
experimental and simulated spectra is excellent for the wh
range of intensities as discussed below. We have chose
present a selection of three pairs of images~see Fig. 2!,
which we consider representative of the various regimes
countered. The radial and angular coordinates in the ph
electron images give the momentum and the ejection a
of photoelectrons. The linear laser polarization is orien
vertical. The probability for detecting an electron is cod
into a linear color scale.

A. Channel switching

As can be seen in Fig. 2, drastic changes are observe
the way electrons are ejected from their parent ions as
laser intensity is raised. At low intensity, 11 photons are
quired to ionize Ar. When the laser strength is increased,
electrons acquire a significant ponderomotive energy~pro-
portional to the field intensity! due to their oscillatory motion
in the field. Thus, to achieve ionization, more energy ne
to be deposited in the system. Indeed, for intensities ab
I 5231013 W/cm2 12 photons are necessary to bring t
system into the continuum. This particular intensity is
ferred to as the 11-photon ionization channel switching
tensity @5#. The successive channels close, in theory, aI
54.631013 W/cm2, I 57.231013 W/cm2, and I 59.8
31013 W/cm2 for 12-, 13-, and 14-photon ionization, respe
tively. Shortly after a channel has switched, the ionization
dominated by resonant multiphoton ionization with the hig
lying Rydberg states@4,14#. Due to the dipole selection rules
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resonant states have different parity in two successive ch
nels inducing different dynamics. We therefore have cho
to present and discuss spectra corresponding to ionizatio
the 12-photon ionization channel@~a! and ~b! in Fig. 2#, at
the channel switching@~c! and ~d! in Fig. 2#, and in the
13-photon ionization channel@~e! and~f! in Fig. 2#. Note that
the discussion also holds for higher channel switchings.

A more stringent quantitative comparison is achieved
extracting from the data, energy and angular distributions
shown in Fig. 3. The first column represents the elect
energy distribution for the three selected laser peak inte
ties. These are obtained by integrating over angles fr
210° to 10°. The agreement is very good: both the sim
lated and measured data exhibit peaks at the same pos
with comparable amplitudes for all intensities. The chan
switching is well illustrated by comparing spectra~a!, ~b!
and~e!, ~f!. Clearly, the resonances involved in each proc
are different. To get a better insight, we have plotted
angular distribution corresponding to the labeled selec
peaks~the three columns on the right!. The angular distribu-
tions reveal the parity and the dominant angular-angular m
mentum of the emitted electrons at that particular energy

B. Resonant ionization

The accurate simulation allows to recover the full dyna
ics and a reliable identification of the resonances as dem
strated below. Although we illustrate the discussion in
single particular case, all spectrum peaks have been inv
gated through the same procedure.

Multiphoton ionization and, consequently, abov
threshold ionization requires high field intensities accord
to the high nonlinearity of the process. A minimum of 1
photons need to be absorbed to bring the system into the
continuum. Ionization is therefore expected to vary asI 12.
Any of these high-order processes should, in principle, p
duce a significant contribution when the field is at the pe
intensity. In the experiment, however, the situation is diff
ent because the incident laser beam has a spatial depend
5-4
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Apart from ionizing the system, the field also induces a d
tortion and ac Stark shifts the atomic levels. Accordingly,
ionization potential is increased by the ponderomotive
ergy Up . This modification of the atomic structure dynam
cally induces resonances that boost the ionization when
detuning vanishes~REMPI!. Note that the resonance ca
take place before or after the laser pulse maximum. Fo
given peak intensity, an electron detected with a particu
kinetic energy may have been emitted long before the fi
maximum. Alternatively, this electron may come from a l
cation in the interaction volume which is off the propagati
axis and therefore originating from an atom experiencin
lower temporal peak intensity.

These contributions might dominate the spectrum si
the ionization enhancement due to a particular resona
~which happens for an atom experiencing a fixed intens!
always produces electrons at the same energy. No m
where or when they have been emitted, the contributions
up at the same energy in the spectrum, thus giving pea
structures.

Let us consider the peak labeled~1! in the upper left
graph in Fig. 3. The experiment informs us that the electr
contributing to that peak are emitted with a kinetic energy
E(1)50.0363 a.u.~0.99 eV! and an angular momentum
dominated byl 55 ~five minima in the angular distribution!.
In order to get a better insight of the process, we first h
considered the production of electrons~from a single atom!
with kinetic energyE(1) as a function of the maximum tem
poral field intensity. The production of such electrons ha
sharp peak centered around an intensity ofI (1)53.2
31013 W/cm2 ~the maximum intensity being in that cas
I (1)53.831013 W/cm2) as shown in Fig. 4!. The detected
electrons atE(1) are thus originating from those location
where, due to the spatial beam distribution, the local tem
ral field maximum intensity isI (1)53.231013 W/cm2. By
checking the population created atE(1) with a field intensity
I (1) we have found the following angular momentum dist
bution: 66.5% inl 55, 17.5% inl 57, 9% in l 51, and 7%
in l 53. The domination ofl 55 is in agreement with the

FIG. 4. Intensity dependence of the electron yield withEk

51 eV for a peak intensity ofI 53.831013 W/cm2. The main con-
tribution is from atoms experiencing a resonant intensity ofI r

53.231013 W/cm2.
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measured angular distribution. At this rather low intensity
resonant process is restricted to 11-photon resonant
photon ionization. According to the dipole selection rul
and the fact thatl 55 clearly dominates, this resonant sta
belongs either to thel 54 or l 56 symmetry. If we now
assume that the high-lying Rydberg states ponderomotiv
shift as the ionization potential~i.e., by Up), the resonant
level should lie aroundE520.020 65 a.u. The nearest ca
didate is the 5g state (E5g520.02 a.u.) which, in theory,
shifts into resonance with the absorption of 11 photons a
intensity of I 52.931013 W/cm2. The discrepancy observe
between these two intensities might be due to two reas
On the one hand, we have made the assumption that the
shifts upward like the ionization threshold. It might happ
that the energy shift is affected by a quasiresonant one
two-photon coupling to another bound state, thus modify
the resonant intensity. We have observed that this argum
is valid only for low-lying Rydberg states. On the other han
the resonant process should last for a while for the prod
tion of electrons to be significant. Therefore, we expect t
the observed resonance intensity is higher than the theo
cal one, so that resonant ionization lasts several femto
onds around the field peak intensity. This identification
reenforced by looking at the bound states dynamics du
the interaction. In Fig. 5 we compare the time-depend
populations of two types of Rydberg states, namely, thg
series and the 5d. They both dynamically shift into reso
nance. However, theg series is responsible for a great e
hancement and, in particular, the 5g state, while the 5d is
not. The behavior is very different: the contributing stat
keep a significant population at the end of the pulse~sponta-
neous deexcitation is not accounted for in the model!, while
the other does not.

The remaining 17.5% of the population inl 57 is still due
to the 5g resonance, which is coupled to thel 57 continuum
through three photons~most probably two photons absorbe
and one emitted!. This scheme is confirmed by the dom
nance ofl 56 in the first ATI peak labeled~3! @see the an-
gular distribution in Fig. 3#.

As a matter of fact, peaks~1!, ~2!, and~3!, separated by an
exact photon energy, all originate from atoms that we
through resonance with the 5g. Similarly, peaks~4!, ~5!, and
~6! are populated by electrons emitted from other locatio
and other times and due to another resonant state. Appl
the same procedure, we have found that the contribu
comes from the 4d ~going through resonance atI 53.64
31013 W/cm2) and the 6s ~going through resonance atI
53.5531013 W/cm2). These resonances are close to ea
other and are not resolved by the experiment~but are distin-
guishable in the high-resolution calculations! leading to the
production of a broad peak@see peaks~5! and ~6!#. As ex-
pected, the leading angular momenta observed arel 55, l
56, and l 57 for the peaks~1!, ~2!, and ~3!, respectively,
andl 53, l 54, andl 55 for the peaks~4!, ~5!, and~6!. Note
that the angular distribution of peak~5! reveals eight
minima. In all cases, the peaks contain a mixture of angu
momenta @even symmetry for peak~5!#. The number of
minima in the angular distribution is determined by the hig
est l value, which is 8 in that case. However, a close look
5-5
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FIG. 5. ~Color! Populations of the 5d and fewg states as a function of time. Note the particular behavior of theg states~keeping
population at the end of the pulse!, which play a significant enhancing role in ionization compared to the inoperative 5d. I 53.8
31013 W/cm2.
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the simulated data shows, at the energy of peak~5!, a domi-
nance ofl 54. The experimental resolution is sufficient
resolve the substructure located on the right side of peak~1!
due to the 6g. The higher resonances (7g, 8g, . . . ) are not
resolved but generate the broad pedestal between 1.2 an
eV.

The second row of graphs from Fig. 3, measured for
intensity of I 5531013 W/cm2, is an intermediate situation
where the ionization potential has shifted in such a way t
12-photon resonant 13-photon ionization is now possib
channel switching happens atI 54.631013 W/cm2. Because
different parity states come into resonance, a new comb
peaks arises while the other comb tends to disappear. T
new peaks, labeled~a!, ~b!, and~c!, seem, at the first glance
to be due to a resonance with the 4d state ~at I 53.7
31013 W/cm2). This is consistent with the angular distribu
tion of peak ~b!. However, a deeper look reveals a mo
complicated situation, which we discuss in the following se
tion.

Finally, the last row in Fig. 3, corresponding to an inte
sity of I 5731013 W/cm2, reveals a regime in between tw
successive channel closures. The dominant comb of p
seen for the low intensity case has completely disappe
and the spectrum is now dominated by the comb due to
5p and the 4f resonances with 12 photons. The peaks
more or less centered on the 5p resonance which occurs a
I 56.3531013 W/cm2 ~confirmed by their respective angula
distributions ofl 55 and l 56). The broadening is due, o
the high-energy side, to the embedded resonance with thf
state~which is well resolved in the first ATI peak! and, on the
low-energy side, to nonresonant ionization.

C. ac Stark splitting

By omitting the detection process in the simulation,
higher resolution is achieved and the computation clea
shows that peak~b! in Fig. 3, in fact, contains two shar
resonances~at energies of 1.81 eV and 2 eV! and a broad
structure centered at 1.6 eV as can be seen in Fig. 6.
broad structure, unlike Freeman resonances, shifts downw
as the intensity is increased, characterizing a nonreso
ATI process~see the following section!. The higher reso-
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nance~at 2 eV! is safely attributed to (1112)-photon ATI
through 4d. However, there is no state to trivially assign
the lower resonance. The energy levels of argon are such
the 4d is almost resonantly coupled with the inner 4p state
by a photon of 1.55 eV. Since the applied field is very stro
the coupling will repel these two states and lead to a splitt
of the ionization peak. The structure at 1.81 eV is theref
due to the 4p and the double structure results from th
dressed transition 4p-4d. The evidence for that is, unlike
isolated Rydberg resonances, the peak attributed to 4p shifts
downward as the intensity is increased, giving rise to
ac-Stark splitting.

D. Nonresonant ionization

The broadening observed in the peak around 1.8 eV
Fig. 6 is not only due to the splitting but also to nonreson
ionization. Unlike resonant ionization where the contrib
tions always add up at the same electron energy, nonreso

FIG. 6. ~Color! High-resolution simulated electron distributio
at u50° as a function of intensity. The central peak correspond
peak~b! in Fig. 3. The intensities range fromI 54.631013 W/cm2

to I 55.431013 W/cm2. Note the nonresonant ionization locate
between 1.3 and 1.7 eV that shifts downward with increasing int
sity. Note also the double structure splitting for higher fie
strength.
5-6



d
s

o

is
he
a

ed
T
es
et

ing
a

as
ing.

o.

ere
lel
p-
G.

DYNAMICS OF STRONG-FIELD ABOVE-THRESHOLD . . . PHYSICAL REVIEW A67, 063405 ~2003!
peaks shift downward by the ponderomotive energyUp as
the intensity is raised. Note also that the peak amplitu
increases more rapidly. This situation happens over inten
ranges where no Rydberg states come into resonance@15#.
We have observed it only in the high-resolution spectra
Ar, but it happens to be more visible in ATI of Xe@3#. The
measurement shows that peak~a! in Fig. 3 is dominated by
l 55 instead ofl 53 for the resonant process. This feature
the signature that the split structure originating from t
4p-4d dressed transition is embedded in the nonreson
background.

V. CONCLUSION

The dynamics of ATI of argon has been investigat
through both experimental and theoretical approaches.
experimental momentum distributions have been succ
fully reproduced in great detail through a complete theor
cal calculation of the experiment including:~1! the single
H.

r
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d

ci

06340
e
ity

f

nt

he
s-
i-

atom response~nonperturbative theory!, ~2! the integration
over the interaction volume, and~3! the simulation of the
detection procedure. The merging of the information com
from both the experimental and the calculations allows
robust identification of the many processes involved~channel
switching, resonant ionization, . . . ) in the ATI of Ar. The
availability of a higher resolution in the theoretical data h
revealed nonresonant ionization as well as ac Stark splitt
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