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Abstract

This work presents the results of a systematic study on the ionization of noble gas atoms, with a specific focus on the argon atom, under the effect of extreme

ultraviolet radiation (XUV) in the presence of an intense, synchronized near-infrared (NIR) laser pulse. The theoretical study, carried out by solving the ab initio
time-dependent Schrodinger equation in the one-active-electron (SAE) approximation, focuses solely on the response of the outermost valence electron of the
argon atom to the laser field. The simulation results reveal an energy spectrum from two-color ionization, characterized by a harmonic peak surrounded by
sideband peaks (SB£n). As the NIR field intensity increases, the amplitude of the harmonic peak decreases, while the sideband peaks broaden and shift to lower
energies due to the Stark effect, reflecting the influence of the effective NIR field intensity. A deeper analysis of the angular distribution of the photoelectrons

\ shows that interference between continuum states can occur as the infrared laser field intensity increases.
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The aim is to present the numerical results of the non-resonant two-color photoionization of argon, using femtosecond pulses of an infrared (IR) laser combined with

Objectives

_its extreme-ultraviolet harmonics, with a particular focus on studying the influence of IR laser intensity on the photoelectron spectrum and its angular distribution.
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Theoretical and Numerical Methods
» Laser Field Characteristics : The interaction field we used results from the combination of an infrared laser field delivered by a Ti:Saphir laser (with a frequency
or=0.057 a.u.=1.55) eV) modulated by a trapezoidal envelope, and its 15th harmonic H15 of frequency @H15=15x®IR= 0.855 a..

En,(7t) = Eon, f(t, wrg)sin(wn,1)é:

Eynl 1) = Eoraf (Lwg)sin(wrpl)é

and f(tw)=1{1 si mTy <t < (ne,—m).Ty

L si 0<t<mTy

m.T,

m=5 and n,,=30 in our case)
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»The Time-Dependent Schrodinger Equation: We performed the numerical resolution of the time-dependent Schrodinger equation (TDSE) using a potential model

for argon and the single active electron approximation (SAE) [1]. Using the alternating direction implicit method [2]. We employed the semiclassical description of

the laser-atom system, The time-dependent Schrodinger equation is written in a.u. a |
i=xp(7, 1) = H(7, t))(r ),
ot
H = Hy+ Hint(t). The total Hamiltonian of the system.
1_. . . . = . . . . .
Hy = —§V‘2 + V(r) 1is the Hamiltonian of the atom and H;.: = E(t).7 1is the interaction Hamiltonian, In the length gauge

The model potential used takes the following Klapisch form [3] Vir) = - L+(Z = 1)e™" + cyre™”

. The coefficients c1, c2 and ¢3 are adjusted in order to have energy

r

values close to the experimental values.
» Angular distribution : The chosen method to calculate the angular distributions of photoelectrons produced is based on the projection of the final wave function

2
Y (7, tmax) obtained by solving the TDSE at the end of the interaction, on the discretized continuum eigenstates yck associated with the energy Ej, = ““ such that

the differential ejection cross-section in the solid angle dQ is da)
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Figure 1: Photoelectron of two-color
photoionization of argon (m=0). The EUV
intensity is I;;=10*W/cm? and the infrared
intensity : IIR = 0W/cm?, TIR = 5 x 10" W/cm?
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Figure 2 : Effect of
Infrared Irradiation on
the Photoelectron
Spectrum
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Figure 4 : Angular distribution
of : (a) H15 peak (m=0) and
(b) side peak (m=0)

Results and discussion

»The energies of peaks (Fig.1) show a good agreement with the
results calculated by energy conservation
where I,(3p) =0,579 a.u.

»The existence of satellite peaks is related to the harmonic peaks,

and the increase in the intensity of the satellites is accompanied
by a decrease in the harmonic peak. It appears as if the harmonic
peak is partially transformed into satellite peaks (Fig.2). Moreover,
the spectrum in this figure also shows a ponderomotive shift
toward lower energies as the laser intensity increases (Fig.3).

»shape of the angular distribution of Ar (3p) For different infrared laser

intensities

+H15 peak (m=0) is the interference between the partial waves sOand dO
with the dominance of dO, As the infrared intensity increases, the shape of
the angular distributions broadens until a dip appears at its peak. This is

actually due to the interference between the p and s waves (Fig.4-a).

+SB+1 peak is the interference between the partial waves p0 and fO with
the dominance of orbital fO (Fig 4-b) and the orbital p0O for SB+1(Fig 4-c).
As the laser intensity increases, the angular distribution becomes
progressively narrower, which results from the interference between the p
and f waves. This phenomenon is necessarily related to the exchange of a

large number of infrared photons above the ionization threshold.

+The shape of the angular distributions confirms the dipole selection rule, Al
= £1, as well as Fano’s propensity rule, which states that, among the two
possible transitions, the | - | + 1 channel is favored over | — | — 1 in the
case of photon absorption, while the opposite tendency is observed for

emission processes.
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