
Eur. Phys. J. D (2016) 70: 249
DOI: 10.1140/epjd/e2016-70161-2

Regular Article

THE EUROPEAN
PHYSICAL JOURNAL D

Signatures of laser photon energy in (e, 2e) reactions in helium

Abdelkader Makhoute1, Imane Ajana1,a, Driss Khalil1, Abdelmalek Taoutioui1,2, and Alain Dubois2

1 Physique du Rayonnement et des Interactions Laser-Matière, Faculté des Sciences, Université Moulay Ismail,
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Abstract. Electron-impact ionization of helium target in the presence of a linearly polarized laser field is
investigated at low incoming energy in the second Born approximation and in the asymmetric coplanar
geometry. The status of incident and scattered electrons in the external laser field is described by the non-
relativistic Volkov waves. The dressed state of the ejected electron is treated as a Coulomb-Volkov wave
function. The laser polarization vector is taken to be parallel to the incident momentum of the projectile.
The scattering amplitudes are performed by using the Sturmian basis. Numerical results show that the laser
photon energy dependence of the angular distributions of the ejected electrons has a significant control on
the (e, 2e) reactions. The structure of the triple differential cross section in the vicinity of resonances have
been discussed. The higher order terms of the Born series of the scattering amplitude will be negligible
compared to the first terms at high laser frequencies.

1 Introduction

The study of laser-assisted collisions between atoms and
charged particles has attracted a great deal of attention
in the recent years both from the theoretical and experi-
mental perspectives [1–8]. In particular, the laser-assisted
electron-atom ionization processes, called laser-assisted
(e, 2e) reactions, play a very prominent role in many ap-
plied areas such as plasma heating, plasma confinement,
high power gas lasers, gas breakdown. The availability of
lasers in wide range of frequency, intensity and polari-
sation along with improved techniques of detection and
resolution for laser and electrons allowed the realization
of laser-assisted elastic and excitation scattering experi-
ments on noble gazes [9–12]. Experiments in which laser-
assisted collisions can be studied with full control over the
kinematics and the laser beam parameters are difficult to
realize. This is mainly due to the high laser intensities re-
quired and the necessity to overlap an incident electron
beam with a tightly focused and pulsed laser beam in
time and position. The first kinematically complete ex-
periment of laser-assisted (e, 2e) collision was performed
by Höhr et al. [13] for high incident electron energy of
1 keV. For a good comparison with experimental results
of Höhr et al. [13], we need a relativistic treatment of the
laser-electron interaction by using the relativistic volkov
wave, and of the laser-target interaction by solving the
Dirac equation.

One of the most delicate aspects of laser-assisted (e, 2e)
reactions consists in providing an adequate description of
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the target states in the presence of the laser field. This
problem is particularly acute when strong fields are con-
sidered, or when the laser frequency is nearly resonant
with an atomic transition. Most theoretical studies of
laser-assisted electron-atom collisions have been confined
to the simple case in which the target atom is consid-
ered to be a structureless center of force, representing by
a static potential [14–16]. Those studies have been useful
in providing a detailed understanding of the role played
by the laser-projectile interaction in the collisions pro-
cesses. A laser-assisted (e, 2e) collisions treatment have
been proposed [17], which is based on first-order time de-
pendent perturbation theory in the laser-atom interaction,
while the laser-projectile interaction is treated non per-
turbatively. It was found that the triply differential cross
sections are strongly dependent on the “dressing” of the
atomic target by the laser. At sufficiently high energies,
it is generally believed that the first Born approximation
(FBA) can be used to describe the direct ionization pro-
cess [18]. It is therefore obviously necessary to extend the
Born approximation by treating the projectile-target in-
teraction up to second-order Born amplitude in the range
of the low energy regime.

The laser parameters such as the intensity, the po-
larization, and in particular the laser photon energy has
significant control on the (e, 2e) process. The influence
of these parameters has attracted a great deal of atten-
tion in theoretical works [19–24]. In this paper, we want
to show that the laser photon energy is a good control fac-
tor in the laser-assisted (e, 2e) collisions in helium at low
energy regime by using the second Born approximation
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(SBA), in particular on the electron-electron interaction.
The organization of the paper is as follows. In Section 2,
we present the theory of laser-assisted (e, 2e) reactions in
helium in the coplanar asymmetric geometry. Our second
and first-order Born results are presented and discussed in
Section 3. Section 4 summarizes on conclusions. Atomic
units (a.u.) are used throughout this paper.

2 Theory

Let us consider the laser-assisted (e, 2e) reaction of helium
target

e−(Eki ,ki) + He + ��ω −→ He+ + e−(Ekf
,kf )

+ e−(Eke ,ke), (1)

where Eki , Ekf
, Eke , and ki, kf , ke are the energies and

the momentum of the incident, scattered and ejected elec-
trons respectively. The positive integer values of � cor-
respond to photon absorption, negative integer values to
photon emission and � = 0 to laser-assisted (e, 2e) reac-
tions with no net transfer of photons.

The energy conservation equation corresponding to
laser-assisted (e, 2e) reaction of equation (1) reads

Eki + EHe
0 + �ω = EHe+

0 + Ekf
+ Eke . (2)

In the last equation, EHe
0 is the ground state energy of he-

lium atom, while EHe+

0 represent the energy of the residual
ion He+.

We shall assume that the laser field is treated classi-
cally as a single mode, spatially homogenous, monochro-
matic, linearly polarized electric field with frequency ω
and wave vector k. A typical situation is when the laser
wavelength λ = 2π

ω , where ω = kc and c = 137 a.u., is
much greater than the spatial extent both of the target
and the region where the electron-electron collision takes
place. This validates the use of the dipole approximation
for the electric component and vector potential of the laser
field which are given respectively by

E(t) = E0 sin(ωt), A(t) = A0 cos(ωt), (3)

where A0 = c E0/ω. The electric field amplitude E0 and
the laser frequency ω are supposed to be small on the
atomic scale in order to discard possible photoionization
effects.

To describe such a collision of two systems interacting
with an external laser field, one can start by calculating
the S-matrix element

Sf,i = −i
∫ +∞

−∞
dt 〈Ψf |

(
Ĥ − i

∂

∂t

)
|Φi〉 , (4)

where Φi and Ψf are the initial and final states respectively
of the colliding system embedded in the external electro-
magnetic background. Ĥ in equation (4) denotes the total
Hamiltonian of the colliding system in the presence of the
external laser field.

It is known that the S-matrix element is gauge-
invariant. However, this properly can be violated if one
uses approximation treatments, for example, such as time-
dependant perturbation theory, when accounting for the
laser field effect on electron states. In our model, we em-
ploy the length gauge, which gives more accurate pertur-
bation results for laser-modified target states than the ve-
locity gauge [25].

In the present model, the projectile-laser interaction is
treated exactly to all orders and described in terms of a
non relativistic Volkov wave function [26], which is solu-
tion of the Schrödinger equation for the electron motion in
a plane electromagnetic wave. The interaction between the
projectile and atomic target is treated within the SBA in
the sense that the projectile interacts twice with the tar-
get. The main difficulty with the laser-assisted collisions
consists in the description of the initial and final states of
the target in the presence of the laser field. Since we are
considering laser fields such that the electric field strength
E0 is small with respect to the atomic unit of field strength
E0 = e/a2

0 � 5 × 1011 V m−1, we can use first-order time-
dependant perturbation theory to obtain the explicit ex-
pression of the dressed ground-state wave function given
in reference [27]. For the dressed continuum state of the
ejected electron of asymptotic momentum ke subjected to
the combined influence of the laser field and the resid-
ual ion, we have used the wave function first proposed in
references [20,21].

Once the S-matrix element of equation (4) is estab-
lished, the ionization amplitude in the second Born ap-
proximation for the (e, 2e) process in the presence of a
linearly polarized radiation field reads

f �
ion(Δ) = fB1,�

ion (Δ) + fB2,�,0
ion (Δ), (5)

where fB2,�,0
ion (Δ) is the second Born ionization amplitude

of zeroth-order in E0 evaluated at the shifted momenta Δi

and Δf with the transfer of � photons [28,29]

fB2,�,0
ion (Δ) = −J�(λ)

π2

×
∫ +∞

0

dq

〈
ψ

(−)
ke

∣∣∣Ṽd(Δf ,X)Gc(ζ)Ṽd(Δi,X)
∣∣∣ψ0

〉

Δ2
iΔ

2
f

,

(6)

and fB1,�
ion is the first Born amplitude for the laser-

assisted (e, 2e) process involving the exchange of �
photons [20,21,28,29]

f B1 ,�
ion (Δ) = f1 (Δ) + f2 (Δ) + f3 (Δ), (7)

with

f1 (Δ) = −2Δ−2
〈
ψ

(−)
ke

∣∣∣Ṽd(Δ,X)
∣∣∣ψ0

〉
J�(λ), (8a)

f2 (Δ) = iΔ−2
∑

j

〈
ψ

(−)
ke

∣∣∣Ṽd(Δ,X)
∣∣∣ψj

〉
Mj0

×
(

J�−1(λ)
Ej − EHe

0 − ω
− J�+1(λ)
Ej − EHe

0 + ω

)
, (8b)
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and

f3(Δ) = iΔ−2
∑

j

〈
ψj

∣∣∣Ṽd(Δ,X)
∣∣∣ψ0

〉
M∗

jke

×
(

J�−1(λ)
Ej − Eke − EHe+

0 + ω
− J�+l(λ)
Ej − Eke − EHe+

0 − ω

)

− 2Δ−2ke.α0J
′
�(λ)

〈
ψ

(−)
ke

∣∣∣Ṽd(Δ,X)
∣∣∣ψ0

〉
. (8c)

In these equations, ψ0 is the target ground-state wave
function [20], the wave function ψ

(−)
ke

describes the mo-
tion of the emitted electron in the continuum with mo-
mentum ke in the presence of the Coulomb field of the
residual ion [20,21] and ψj is a target state of energy
Ej in the absence of the laser field [20,21]. X denotes
the ensemble of target coordinates r1, r2, . . . , rZ . J� is a
Bessel function of order �, Δ = ki − kf is the momen-
tum transfer, Δi = ki − q and Δf = q − kf where q is
the virtual projectile wave vector. λ = α0(Δ − ke) with
α0 = E0/ω

2 being the amplitude of oscillation of a classi-
cal electron in the laser field and ω refers to the laser fre-
quency. Mnn′ = M∗

n′n = 〈ψn|E0r|ψ′
n〉 is a dipole-coupling

matrix element. Ṽd(Δ,X) =
∑Z

j=1 exp(iΔ.rj) − Z and

Gc(ζ) =
∑

n

| ψn〉〈ψn |
ζ − En

is the Coulomb Green’s function

with argument ζ = Eki + EHe
0 − Eq −Eke + �ω where Eq

is the virtual projectile energy.
The fully differential cross section in the SBA corre-

sponding to the field-assisted (e, 2e) collision is given for
helium atom by [30]

d3σB2,�
ion

dΩfdΩedE
=
kfke

ki

∣∣∣f �
ion − g�

ion

∣∣∣2, (9)

where g�
ion is the exchange amplitude with the transfer of

� photons [28,31].
The first Born triple differential cross section accom-

panied by the transfer of � photons is

d3σB1,�
ion

dΩfdΩedE
=
kfke

ki

∣∣∣fB1,�
ion − g�

ion

∣∣∣2. (10)

Note that by keeping only the first term f1 on the right
of equation (7), we obtain the first Born triple differential
cross section without including target dressing effects [21].

3 Results and discussion

We are interested in demonstrating the effects of the laser
frequency on the laser-assisted electron-impact ionization
of helium target at low incident energies by using the sec-
ond Born approximation. The fully differential cross sec-
tions are calculated in the Ehrhardt asymmetric coplanar
geometry Figure 1, such that an electron of momentum
ki is incident on the atomic target, and a scattered elec-
tron of momentum kf is detected in coincidence with an
ejected electron of momentum ke, the three momenta ki,

Fig. 1. Selected orientation of laser polarization for electron-
impact ionization in the presence of a linearly polarized laser
field.

kf and ke being in the same plane. The angle of the scat-
tered electron and that of the ejected electron are denoted
respectively by θf and θe. θf is fixe and small, while θe

is varied. We shall present our results for the following
choice of scattering parameters: the incident electron en-
ergy Eki = 40 eV, the ejected electron energy Eke = 5 eV,
the scattering angle θf = 4◦ and the laser field strength
E0 = 1 × 107 V/cm. The laser polarization vector ε̂ is
taken to be parallel to the incident momentum ki. In Fig-
ures 2–5, we show the variation of the triple differential
cross section (TDCS) when the ionizing process is accom-
panied by the absorption of one photon (� = 1) for differ-
ent values of the laser photon energy. We present the re-
sults of our complete computation of TDCS in the second
Born approximation and compare them with those calcu-
lated in the first Born approximation and with those ob-
tained by neglecting the target dressing effects. It is known
that in a first Born treatment, two types of collision are
found in the field free (e, 2e) reactions, those in which the
momentum transfer to the ion produced is small (binary
encounter which is attributed to the electron-electron in-
teraction) and those in which the momentum transfer is
large (recoil encounter which is governed by the attraction
between the electron and the residual ion). The presence
of the external laser field breaks the symmetry of the an-
gular distribution of the ejected electron and the overall
magnitude of the cross sections is significantly changed
compared to the field-free case [20,21,28,29].

The influence of the laser frequency is investigated by
comparing Figures 2–5. In this set of figures, the polarisa-
tion orientation is taken to be parallel to the incident mo-
mentum ki (see Fig. 1), and the electric field strength E0

associated to the external laser field is kept fixed. We have
chosen 4 laser frequencies which are typical of laser sources
currently operated, namely the near infrared (ω = 1.17 eV
Nd:YAG laser, Fig. 2); first harmonic of near infrared
(ω = 2.34 eV, Fig. 3); UV (ω = 6.42 eV Ar-F laser, Fig. 4)
and finally (ω = 8.4 eV, Fig. 5). We have chosen to com-
pare the TDCS computed within the first and the second
Born approximations and with the results obtained by the
simplified approach in which one neglects the dressing of
the atomic target by the laser field. The modifications
of the cross sections then directly reflect the role of the
dressing of the atomic target states by the external laser
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Fig. 2. Triple differential cross sections corresponding to the
laser-assisted electron-impact ionization of helium atom as a
function of the ejected electron angle θe for the absorption of
one photon � = 1. The laser frequency is ω = 1.17 eV and the
electric field strength is E0 = 107 V/cm. The incident electron
energy is Eki = 40 eV, the ejected electron energy is Eke =
5 eV, and the scattering angle is θf = 4◦. The laser polarization
vector is taken to be parallel to the incident momentum ki.
Solid lines: second Born approximation results. Dashed lines:
first Born approximation results. Dotted lines: results obtained
by neglecting the dressing of the target by the laser field.
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Fig. 3. All the parameters are the same as Figure 2, but for a
laser frequency of ω = 2.34 eV.

field. The angular distribution is strongly modified as the
binary and recoil peaks are now split into smaller lobes
with different magnitudes. The most remarkable feature
of the cross sections dependence on the laser frequency
is the fact that the dressing of the atomic target state
by the external field decreases with the laser frequency.
Indeed, the laser-assisted cross section varies as an in-
verse power of the frequency (here ω < 1 a.u.), a feature
which is reminiscent of the infrared divergence of quan-
tum electrodynamics which accounts for the divergence
of the bremsstrahlung and free-free cross sections in the
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Fig. 4. All the parameters are the same as Figure 2, but for a
laser frequency of ω = 6.42 eV.
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Fig. 5. All the parameters are the same as Figure 2, but for a
laser frequency of ω = 8.4 eV. All curves are indistinguishable.

soft-photon limit (ωL → 0). The approximate treatment
neglecting the dressing of the target regains its validity
in the soft-photon regime (ωL = 0.117 eV not presented
here), a result which implies that the contribution of the
amplitude f1 (Eq. (8a)) is by far dominant. This remains
true when the dominance of nonperturbative effects stems
from relatively large values of the arguments of the Bessel
functions entering in the expressions of the transition am-
plitudes. The magnitude of these arguments is linked to
the laser-electron coupling, the strength of which depends
on the parameter α0 = E0/ω

2. At high laser frequencies
(see Figs. 4 and 5), the dressing of the atomic target by
the laser field can significantly affect the TDCSs corre-
sponding to ionizing process with the net exchange of one
photon (� = 1), a result which implies that the contribu-
tion of the amplitudes f2 and f3 is dominant. This demon-
strates that high frequency lasers, at the rather low inten-
sities considered here, can more effectively dress bound
atomic states than continuum states and we approximate
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the wave function of a continuum electron by a plane wave.
The other interesting point regarding the comparison be-
tween FBA and SBA results is that the margins between
SBA and FBA results are large at low frequencies. When
the laser photon energy increases, the gap between the
two numerical results decreases (becomes almost zero).
This means that the second-order correction is insignifi-
cant at high frequencies, a result which implies that the
first Born approximation is sufficient in this case. In ad-
dition, one observes that the binary peaks in the SBA
are enhanced and the recoil peaks are depressed with re-
spect to the FBA at low laser frequencies. This clearly
shows that the collision dynamics is strongly affected by
the laser frequency, even at moderate laser intensities.

We also notice that, everything else being kept fixed,
the frequency dependance effects affect more strongly the
binary peak (i.e., the electron-electron interaction), while
the shape of the recoil peak remains almost unchanged.
This reflects the fact that the vectors Δ and ke are ori-
ented in directions close to the recoil peak region (for
positive values of θe) and in very different directions to
the binary peak area (for negative values of θe). There-
fore the parameter λ = α0 (Δ − ke) which characterizes
the coupling of the electron-atom system with the laser
field is significantly larger in the binary peak region than
in the recoil peak. Note that in the absence of the laser
field, the ejected momentum ke is parallel (antiparallel)
to the momentum transfer Δ in the binary (recoil) region
which constitutes a very well established fact. On the con-
trary, the situation seems to be reversed by the presence
of the laser. The effects of the laser frequency are more
manifested when the values of the ejected electron angle
vary in the range −60◦ < θe < 60◦, and cause the rel-
ative decrease of the cross sections in this region when
the laser frequency decreases. The behavior of binary and
recoil peaks can be interpreted by the fact that the argu-
ment of the Bessel function is maximum when ke is par-
allel to the momentum transfer (that is in the region of
the recoil peak). Contrariwise, the argument of the Bessel
function is minimum close to the binary peak, which leads
to the mentioned modifications. The most remarkable fea-
ture of the dependence of the angular distribution on the
laser frequency is the fact that the overall magnitude of
the TDCS increases until a critical laser photon energy
ωc � 5.432 eV, for which the overall magnitude of the
binary and recoil peaks are comparable. At this laser fre-
quency, the cross section has the lowest value and its order
of magnitude grows on both sides and the two types of col-
lisions (binary and recoil collisions) are distributed equally
at ωc which corresponds to Ekf

+Eke = E21P −E11S , i.e.,
the laser field couples the initial state 11S with the first
excited state of different parity before ejecting the atomic
electron to the continuum. Therefore, it is convenient to
distinguish between two regimes according to whether ω is
smaller or larger than the critical laser photon energy ωc.

For ω < ωc, every other laser parameters being fixed,
the electron-nucleus interaction is more important than
the electron-electron attraction. One observes that the val-
ues obtained from the no-dressing treatment reproduces

the shape of the angular distribution although the magni-
tude of the cross section is underestimated. The explicit
introduction of the atomic states in dressing the initial and
final state wave functions of equation (8) affects the dif-
ference in magnitude of the angular distribution, whereas
for ω > ωc, the binary peak (electron-electron interaction)
becomes dominant and increases with the laser frequency
compared to the recoil peak (electron-nucleus interaction).
We also observe that the higher-order of the Born series
becomes less important when the laser photon energy in-
creases. In another way, for ω > ωc (see Figs. 4 and 5), the
shape of the angular distribution in the SBA is the same
as in the FBA, i.e. the second-order in the electron-atom
interaction is negligible compared to the first-order. Thus,
at high laser frequencies it is convenient to restrict the cal-
culation of the TDCS corresponding to the laser-assisted
electron-impact ionization of helium target to the first-
order Born term. Note that in this limit, the interaction
of the laser field with the incident electron is represented
by a plane wave while the calculation of the first and sec-
ond Born amplitudes corresponding the (e, 2e) scatter-
ing with the transfer of � photons amounts to computing
the contributions of the amplitudes f2 and f3. When con-
sidering ω > Eke , the possibility arises of inducing real
atomic transition via the intermediate excited states. In-
deed, by suitably choosing the laser frequency and (or) the
kinetic energy of the slow electron, it is possible to make
the process resonant by allowing the field to couple either
the initial or final states to an intermediate excited state.
Such a possibility results from the resonance structure of
the second-order atomic matrix elements contained in the
amplitudes f2 and f3. The corresponding critical values
of the photon energy and of the ejected electron energy
are obtained from the location of the poles of these am-
plitudes. Explicitly, the process is resonant when

ω = Ej − EHe
0 = − 1

2n2
+ 0.9037 a.u. (11)

and/or

Eke = Ej − EHe+

0 + ω = − 1
2n2

+ ω (12)

where the energies Ej are given by Ej = EHe+

0 +EZ=1
n [28]

where EZ=1
n are the hydrogen atom energies and EHe

0 −
EHe+

0 = −0.9037 a.u. corresponds to the first ionization
energy of helium.

We notice that the contribution of the corresponding
intermediate state entirely dominates the scattering am-
plitude when the one of the resonance conditions (11)
or (12) is fulfilled. Although our model is not valid at
resonance, it provides useful information concerning the
qualitative behavior of the TDCSs in the vicinity of and
between resonances.

Figure 6 shows TDCSs versus the laser frequency. The
kinetic energies of the projectile and the ejected electron
are, respectively, Eki = 40 eV, and Eke = 5 eV, while the
angles of the scattered and ejected electrons are θf = 4◦
and θe = 30◦. The laser polarization vector is set paral-
lel to the momentum of the incident electron. The elec-
tric field strength associated to the external laser field

http://www.epj.org
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Fig. 6. Second Born Triple differential cross sections corre-
sponding to the laser-assisted electron-impact ionization of he-
lium atom as a function of laser photon energy ω for the ab-
sorbtion of one photon � = 1. The electric field strength is
E0 = 107 V/cm, the incident electron energy is Eki = 40 eV,
and the ejected electron energy is Eke = 5 eV. The scatter-
ing angle is θf = 4◦ and the ejection angle is θe = 30◦. The
laser polarization vector is taken to be parallel to the incident
momentum ki.

is E0 = 107 V/cm. This resonant structure of the cross
section can be conveniently displayed by simply changing
the genuinely discrete states of helium, for which one of
the two electrons remains in the ground state while the
other, optically active electron, has the quantum number
n (principal quantum number) and l (angular quantum
number) and is responsible of the sharp maxima. In Fig-
ure 6, showing abrupt changes in the vicinity of Bohr fre-
quencies, indicate that the behavior of the cross section
with respect to the laser frequency strongly depends on
the structure of the He+ target. It is also interesting to
note that the results are sensitive to the presence of those
Bohr frequencies, corresponding to the genuinely discrete
states, even far away from resonance. This resonance oc-
curs via the condition (11), though only np state (excited
He+ state).

Figure 7 shows the variations of the TDCS against the
detection energy of the ejected electron at a fixed laser fre-
quency ω = 6.42 eV corresponding to Ar-F laser, and for a
fixed angles θf = 4◦ and θe = 30◦. The laser polarization
vector is kept parallel to the incident momentum ki. As
shown in Figure 7, the cross sections can vary by several
orders of magnitude, the corresponding dispersion curves
in terms of Eke being characterized by the occurrence of
sharp maxima separated by deep minima. The positions of
the maxima are given by the resonance conditions equa-
tion (12). The observed resonant structure of the cross
sections can be related to the different angular momen-
tum distributions in the final continuum state where the
coupling between the ground state to (1s 2s), (1s 2p) and
(1s 2d) continues exclusively via the dipole interaction.
When both resonance conditions equations (11) and (12)

2 3 4 5 6
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-6

-5

-4

-3

-2

-1

0

1

2

Fig. 7. Second Born Triple differential cross sections corre-
sponding to the laser-assisted electron-impact ionization of he-
lium atom as a function of the ejected electron energy Eke for
the absorbtion of one photon � = 1. The electric field strength
is E0 = 107 V/cm, the incident electron energy is Eki = 40 eV,
and the laser photon energy is ω = 6.42 eV. The scattering
angle is θf = 4◦ and the ejection angle is θe = 30◦. The
laser polarization vector is taken to be parallel to the incident
momentum ki.

are fulfilled, the two amplitudes f2 and f3 are simulta-
neously resonant. This requires a purely nonperturbative
treatment of the interaction between the laser field and
the electron-atom system.

4 Conclusion

We have studied, in the second Born approximation, the
laser-assisted differential cross sections for laser-assisted
electron-impact ionization in helium. Particular attention
has been paid to the laser frequency dependance of the
cross sections. The importance of the dressing effects and
the influence of the laser photon energy on the struc-
ture of the angular distribution of the ejected electron
has been discussed in the vicinity of resonances. With
laser photon energy increasing the electron-electron in-
teraction is strongly enhanced and the shape of the recoil
peak remains unchanged. Comparing with the standard
first-order Born calculations, the inclusion of the second-
order Born term in the ionizing amplitudes does not lead
to any change in TDCSs at higher frequencies, while the
laser-atom interaction is seen to be important.
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