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Abstract
Influence of an external linearly polarized, monochromatic laser field in the dynamics of the (e, 2e) process

of a hydrogenic ion is studied theoretically. Significant changes are noted in the triple differential cross
sections ( TDCS ) by the application of the laser field. The net effect of the laser field is to suppress the field
free cross sections in the zeroth order approximation of the ejected electron wave function while in the first
order the cross sections are found to be enhanced depending on the incident energy.
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1．Introduction
Laser assisted electron - ion collision (excitation,

ionization) plays a very vital role in many practical
fields, such as in the plasma confinement problem in
fusion plasma, laser heating of plasma, high power
gas lasers etc. In particular, such collision cross sec-
tions are highly needed in the study of laser produced
plasma. By virtue of the availability of powerful, tun-
able lasers, both laser induced and laser assisted colli-
sion phenomena are nowadays being observed in labo-
ratories. However, these experiments till now are lim-
ited to neutral atoms only. The absence of any exper-
imental data adds further importance to the theoretical
study of such a reaction. The present study addresses
to the problem of ionization of a hydrogenlike ion by
electron impact in the presence of a monochromatic lin-
early polarized, homogeneous laser field. The calcula-
tions are performed in the framework of Coulomb Born
approximation where the projectile - screened ion in-
teraction is considered to be the perturbation responsi-
ble for the collision while the role of the external laser
field is to modify the projectile electron state as well
as the initial bound and continuum states of the target
ion. The wavefunction of the projectile electron in the
combined effect of the long range Coulomb interaction
of the screened target ion and the laser field is assumed
to be the Coulomb Volkov type proposed by Jain and
Tzoar [1] and later used by several workers [2-4]. Al-
though the approximate CV solution presents the ad-
vantage of containing the field in all orders (inherent in
the plane wave Volkov solution [5]), it completely de-
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couples the electron - laser and electron - screened ion
interaction [3]. In the final state wavefunction, the elec-
tron - electron correlation effect is taken into account,
thereby satisfying the asymptotic three body boundary
condition for the ionization process. As a first step the
fully (triply) differential cross sections (TDCS) that pro-
vides the most detailed information of the ionization
process is studied for asymmetric coplanar geometry.

2．Theory
The reaction studied is,

e−(Ei,�ki) + He+(1s) ± γ(ω,�ε0)

→ e−(E1,�k1) + e−(E2,�k2) + He++ (A)

A major difficulty in the theoretical investigation of
such laser assisted ionization process is to construct the
proper laser - dressed continuum wave function of the
ejected electron. We consider the laser field strength
ε0 � 5 × 1011 V/m ( the atomic unit of field strength ).
The dressed continuum wave function for the ejected
electron Φk2 (�r2, t) is chosen as [3] ,

Φk2 (�r2, t)=exp(−iEk2 t) exp(−i�a · �r2) exp(−i�k2 · �α0 sinωt)

×
[
ψ(−)

c,k2
(�r2) +

i
2

∑
n

[
exp(iωt)

En − Ek2 + ω
− exp(−iωt)

En − Ek2 − ω
]

Mnk2ψn(�r2) + i�k2 · �α0 sinωtψ(−)
c,k2

(�r2)
]

(1)

where ψ(−)
c,k2

(�r2) = (2π)−3/2C2 exp(i�k2 · �r2)1F1

[
− iα2, 1,
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−i(k2r1 + �k2 · �r1)
]
;α2 =

Z
k2

; �α0 = �ε0/ω
2, Ek2 being the

energy of the ejected electron and the Coulomb nor-
malization constant C j = exp(πα j/2)Γ(1 + iα j) and

Mn,k2 =

〈
ψn

∣∣∣∣�ε0 · �r2

∣∣∣∣ψ(−)
c,k2

〉
. The term e

−−−−−→−ia·r2 in the eqn.

(1), with �a = �ε0/ω is introduced to maintain the gauge
consistency between the dressed projectile and target
wave functions.

It may be noted that the zeroth order solution for the
ejected electron wave function, is given by the first term
of Eq. (1), which is simply the Coulomb Volkov solu-
tion as used for the dressed incident or scattered (un-
bound) electron ’1’.

The ionization amplitude in a first order (in the inter-
action potential) approximation for the laser assisted (e,
2e) process for the hydrogenic ion is given by,

Ti f = −i
∫ ∞
−∞

dt
〈
Ψ−f
∣∣∣∣Vi

∣∣∣∣ψi

〉
(2)

The asymptotic initial state ψi in Eq. (2) is given by,

ψi = Φ
d
i (�r2, t)χi(�r1, t) (3)

where

χi(�r1, t) = (2π)−3/2exp[i(�ki · �r1 − �ki · �α0sinωt − Eki t)]

×Ci × 1F1

[
iαi, 1, i(kir1 − �ki · �r1)

]
;

αi =
Z − 1

ki

and Φi
d(�r2, t) is the dressed ground state wave function

of the hydrogenic ion given by,

Φi
d(�r2, t) = exp(−i�a · �r2)

1√
πZ

exp(−iE0t)e−Zr2

[
Z2 − sinωt�ε0 · �r2

(
1 +

Zr2

2

)]

The perturbation Vi in Eq. (2) is given by,

Vi = − 1
r1
+

1
r12

(4)

and the final state wave function Ψ−f satisfying exact
asymptotic 3 body incoming wave boundary condition
for the ionization process is chosen as,

Ψ−f =Φk2 (�r2, t) × χk1 (�r1, t) ×C3

× 1F1

[
−iα3, 1,−i(k12r12 + �k12 · �r12)

]
,

�k12 =
1
2

(
�k1 − �k2

)
and�r12 = �r1 − �r2.

The expression for the triple differential cross section
(TDCS) for the process (A) accompanied by the transfer
of l photons is given by,

d3σion

dΩ1dΩ2dE2
=

k1k2

ki

∣∣∣∣T l
i f

∣∣∣∣2 (5)

3．Results and discussions
To study the influence of the laser field (ω,�ε) on the

dynamics of the (e, 2e) process (A) we have chosen the
following laser parameters, the frequencies being in the
soft photon limit, ε0 = 5 × 107 V/m and ω = 0.117 eV
(CO2 laser). The laser field is chosen to be parallel to
the incident momentum direction.

The present study concerns with the zero photon
transfer (l = 0) as well as the single photon absorp-
tion / emission (l = ±1) processes. It may be mentioned
that for the present laser parameters the absorption and
emission cross-sections are almost identical.

Figures 1 – 3 demonstrate the angular distributions of
the ejected electron (θ2) for three different incident ener-
gies (150, 250 and 1,000 eV). The energy of the ejected
electron (E2) is kept at a low value, e.g., E2 = 5 eV for
the Figs. 1 and 2, while for Fig. 3, E2 = 10 eV.

A significant modification is noted in the TDCS due
to the application of the laser field. As may be noted
from the figures 1 – 3, for the zero photon transfer case
using the zeroth order wave function (retaining only

Fig. 1 The TDCS (in a.u.) as a function of the ejected
electron angle θ2 for the ionization of He+ ion
from the ground sate by electron impact in the
presence of a laser field. The incident elec-
tron energy Eki

= 150 eV, the ejected electron en-
ergy is Ek2

= 5 eV and the scattering angle θ1 = 3o .
Laser parameters used : ε0 = 5× 107 V/m and
ω= 0.117 eV (CO2 laser). The number of photon
absorbed is taken to be l = 1. Solid Curve : con-
sidering full dressing of the ejected electron, Dash
dot curve : considering the zeroth order approx-
imation for the ejected electron, Dashed curve :
the field free TDCS for the ejected electron. In-
set : The above mentioned TDCS but for l = 0 and
without the field free curve.
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Fig. 2 Same as Fig. 1, but for the incident electron en-
ergy Eki

= 250 eV.

Fig. 3 Same as Fig. 1, but for the incident electron en-
ergy Eki

= 1000 eV and EK2
= 10 eV.

the first term in Eq. (1)) for the dressed ejected elec-
tron, the recoil peak is strongly affected (reduced) by
the laser field as compared to the binary one for all inci-
dent energies. In contrast, considering the full dressing
of the ejected electron (using full Eq. (1)) the situation
is found to be reversed particularly in the higher energy
regime (Figs. 2, 3). Figures 1 – 3 also reveal that for
the single photon transfer (l = ±1), the overall TDCS is
strongly suppressed as compared to the field free one,
in the aforesaid zeroth order approximation. On the

contrary, the full dressing gives rise to a significant en-
hancement in the binary peak and some reduction in the
recoil peak magnitude with respect to the field free re-
sults. Thus, the significant difference between the ze-
roth order and the first order results indicate the dom-
inance of the higher order contributions (arising from
Eq. (1)) that increase with decreasing incident energy.
From Figs. 1 – 3, it is also noted that some secondary
structures (in both the binary and recoil regions) appear
in presence of the field, which could be attributed to
the properties of the Bessel function (J0,1) occurring in
the expression of the transition amplitude (Eq. 2), the
number of oscillations being dependent on the argument
(�α0 · (�k1 + �k2 − �ki)) of the Bessel functions.

Table 1 displays the binary (b) to recoil (r) peak in-
tensity ratio (b/r) of the TDCS for some incident en-
ergies with l = 0 and ±1. In the field free case, the
salient feature of the (e, 2e) TDCS results for an ionic
target is the presence of an intense recoil peak [6] (ex-
cept for very high incident energy, e.g., Ei = 1, 000 eV,
not shown in the Table 1) even larger than the binary
one (i.e., the binary to recoil intensity peak ratio, i.e.,
b/r < 1), an unusual feature for a neutral target. The
aforesaid strong recoil peak for the ionic target could
be attributed to the strong elastic scattering from the nu-
cleus. Now in the presence of laser, this feature is not
maintained, e.g., for l = 0 case, the ratio b/r is > 1 for
all incident energies (vide Table 1) while for l = ±1,
the ratio b/r increases with respect to the field free case
with increasing incident energy and becomes > 1 for
higher incident energies (vide Table1).

Incident

Energy

( eV )

b/r for

field

free

case

b/r for

l = 0

case

b/r for

l = ±1

case

150 0.2576 1.2912 0.7099

250 0.5273 1.2159 1.285

500 0.9204 2.3138 1.8673

Table 1 The binary (b) to recoil (r ) peak intensity ratio
(b/r ) of the TDCS for different incident energies
and for l = 0, l =±1 cases as well as for field free
case.

References
[1] M. Jain and N. Tzoar, Phys. Rev. A 18, 538

(1978).
[2] P. Cavaliere et al., J. Phys. B , At. Mol. Opt.

Phys. 13, 4495 (1980).

258



Laser Assisted Single Ionization of a Hydrogenic Ion by Electron Impact

[3] P. Martin et al., Phys. Rev. A 39, 6178 (1989).
[4] A. Chattopadhyay and C. Sinha, J. Phys. B , At.

Mol. Opt. Phys. 37, 3283 (2004).
[5] M. Bhattacharya et al., Phys. Rev. A 44, 1884

(1991).
[6] R. Biswas and C. Sinha, J. Phys. B , At. Mol.

Opt. Phys. 30, 1589 (1997).

259


