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Electron scattering from argon in a laser field is investigated empolying the second-order perturbation theory. The

absolute differential cross sections of e-Ar scattering with multiphoton exchange in special scattering geometries G1

(for small-angle scattering) and G2 are calculated. Our results are found to be better than other theoretical results as

compared with the experimental data.
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I. INTRODUCTION

With the development of lasers, electron scatter-
ing from atom (or molecule) in a laser field has be-
come a new field in the 1970’s. But in these processes
three systems (electron, target and laser field) interact
with one another. This makes the research so compli-
cated that up to now only special cases and approx-
imations have been investigated.l!] Recently, a set of
experiments that were electron-atom scattering in the
COx, laser field has been carried out by Wallbank and
Holmes, =4 using two special scattering geometries
(called G1 and G2 in the following). In geometry G1,
the incident electron beam is parallel to the polar-
ization direction of the laser field and the momentum
transfer for small-angle scattering is nearly perpendic-
ular to this direction; in geometry G2, the momentum
transfer is perpendicular to the polarization direction.
In the experimental geometries G1 (for small-angle
scattering) and G2, the low-frequency approximation
(LFA) formula,® which had been subsequently con-
firmed in details theoretically by many authors,]
does break down. Wallbank and Holmes!* thought the
atom polarization potential induced by the laser field
was extremely important for low-energy electron scat-
tering from atom and might account for the discrepan-
cies between LFA and experiments. But the theoret-
ical estimations performed by some other authors!®?!
proved that the atomic polarization effect induced by
a laser field is small enough to neglect. Madsen and
Taulbjerg? formulated a soft-photon, weak-field ap-
proximation that was valid at small scattering angle.
But there were also large differences between their re-
sults and experiments. Chen and Robicheaux'!] cal-
culated the cross sections for scattering of electron

from argon in the CO; laser field and found their re-
sults differed from the experimental results and were
the same as the LFA. Later, many other authors!!2-13]
also studied the discrepancy between experiments and
LFA in some ways but the agreements have not been
improved.

Recently, we have employed the second-order per-
turbation theory to study laser-assisted electron-He
scattering in geometry G1.1141%! In this paper, the dif-
ferential cross sections of the laser-assisted electron-Ar
scattering with multiphoton exchange in geometry G1
and G2 are calculated and made comparisons with the
experiment® and other theoretical results. In sec.I,
we will give briefly the second-order perturbation the-
ory for the electron-atom scattering in a laser field. In
sec.Ill, we will present our results and discussion. Un-
less otherwise indicated, SI units are used throughout.

II. THE SECOND-ORDER PERTURBATION
THEORY

Since there are a large number of photons in a
laser mode, we may describe the laser field as a classi-
cal electromagnetic field,!) E(t) = Egsinwt, and the

corresponding vector potential is: A(t) = cEo cos wt.
Therefore, the Schrodinger equation of ar(fj electron
moving in the laser field and scattering from an atom
potential V(r) is

€
) (p+ EA)Q
ih— lpk('f', t) = T

BT +V(r)

. (r,t). (1)

The A%(t) term of Eq.(1) may be removed by the
following transformation:
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Pt
0, (r,1) = exp (—ﬁ | oAt ) B, (r,1). 2)
So Eq.(1) may be rewritten as
e [P e
1h5 P (r,t) = [% + o At) + V(T):| . (r,t). (3)

We consider V(r) in Eq.(3) as a perturbation and the unperturbation solution of Eq.(3) is just the Volkov
solution!'6!

, hk? e ,
X, (r,t)=exp|i| k- r—%t—mw2k~Eosmwt , (4)
where k is the wave vector of the electron. Using the Green function representation
i *
G(r,t;r' 1) = “ @ /dk:xk(r, Oxi(r' thu(t —t'), (5)
u(t — t') denoting the step function, and the solution of Eq.(3) is
D, (r,t) = x,.(r,t) + /d'r / dt'G(r,t; 7", )YV (") &, (v, 1). (6)
According to standard time-dependent scattering the-  scattering matrix
ory, the scattering matrix from initial state k; to final s o) @)
state k; is SgTT =5q + 5, (8)
_ where
Sﬁ - _ﬁ < ka|v|¢ki >, (7)
where s, is the solution of Eq.(3) and the brackets S{(il) =- ; <xp Vi >
denote the integration over all space and time. We _ 271'125(Ef B+ Vﬁw)Jl,()\ﬁ)f/(kﬁ),(Q)

only consider the first and the second terms of the

“+00
SéQ) / dt/dr/dr / dt'x: Xk, W(r )qu (r, 0 WV (1 )xe (7, )
“+oo
= 2 Bhg / dt/dk: V qu ql ZZeXp [ —Ei + (I +n)hw)t

x [(Ei — E; — nhw) + 10+]—1J1(qu)Jn(Aqi). (10)

Here J,, () is the Bessel function of the first kind and
order n, f/(kaﬁ) is the Fourier transform of the atom

) h’k2
potential a = om Ef = E; + vhw, )\ag = (k, — k’ﬁ) t Oy,
eEo .
Co = % o, B =1igqf (12)

V (ko) = /drexp(—i(kza Ckg)em) V(). (11)
So T matrix of the second-order perturbation theory

with v being photon exchange (v > 0 for absorption

Other parameters are and v < 0 for emission) is found to be

T (v) =130 () + TP (v)
Vi) + 3 / ke, (27) 1 () )V (b)) Orgt)

x [(Ei — E; — nhw) +i01] 1. (13)
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The corresponding differential cross section with pho-
ton exchange v is

(j_g)” - kfii.u) <2:;2)2 T W) (14)

1

In this paper, we do not consider the polarization
potential that describes the atom polarization effect
induced by the incident electron and presents less con-
tribution to differential cross sections, but only con-
sider the analytic screening electric static potential in

the following form:['7]

9 3
—_— Z A; exp(—ayr), (15)
i=1

where Z is the nuclear charge number, the parameters
A; and «; are taken from Ref.[17]. Then

3
V(k) = —AnZe* ) - A (16)

2 2
Only taking the first-term of Eq.(13), we can ob-
tain the first-order perturbation theory formula (usu-
ally called the Born approximation formula in the
presence of a laser field) with photon exchange v

(j_g) - kfé” <m2)2 T ()2

_ k() o do\
Tk, —— 1, (As) a0 . (17)
do el m 2
where (m) o hQV(k:ﬁ) is the Born approxi-

mation elastic dlfferentlal cross section in the absence
of a laser field. Equation (17) was obtained by Bunkin
et al.[18]

II. RESULTS AND DISCUSSION

In geometries G1 (for small-angle scattering) and
G2, we have employed the second-order perturbation
theory to calculate the differential cross sections of e-
Ar with multiphoton exchange. The parameters are
the same as those used in the experiment.[® The laser
field frequency is w = 0.117eV and its intensity is
I = 1.5 x 108 W/cm?. For comparison, we have also
calculated the results of LFA using the following for-

() - ) (j—g) (18)

where <j—g> denotes the elastic differential cross

mula:

d
section with v being the photon exchange; (é)

is the elastic differential cross section in the absence
of a laser field. Other parameters are the same as in
Eq.(12).
ferential cross section by the LFA formula is obtained

In our calculation, the field-free elastic dif-

using our previous optical potential method.[*?) These
results along with the experimental results obtained
by Wallbank and Holmes!®! are shown in Figs.1-6.
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Fig.1. One-photon absorption differential cross section
(DCS) in G1. The incident electron energy is E; =
10.5eV. Solid line, SBA result; dotted line, LFA result;
box, experiment.

From Figs.1-6, we can see that our results differ
by orders of magnitude from those obtained by the
LFA, and the former is better than the latter, as com-
pared with the experimental results. For small argu-
ment A in geometries G1 (for small-angle scattering)
and G2, J,(A\) = \"*/2"n!, the LFA either is not valid
or predicts much smaller cross sections. In addition,
comparing Eq.(17) with Eq.(18), we can see that the
LFA is similar to the first-order perturbation theory
in that they only consider the electron transformation
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Fig.2. Same as Fig.1, but for two-photon absorption.
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from the initial state k; to the final state k;. Nev-
ertheless, in the second-order perturbation theory, we
consider not only the electron transformation from the
initial state k; to the final state k;, but also that from
the initial state k; to the intermediate state k, and
then from k, to k;. The contribution of the latter
transformation to the cross section is larger in geome-
tries G1 (for small-angle scattering) and G2. There-
fore, our results are better than the LFA ones. In
Fig.4, we also give Chen’s results!'!] that are different

from the experimental ones.
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Fig.3. Same as Fig.1, but for three-photon absorption.

One can find that the discrepancies between our
results and the experimental ones still exist, especial
for scattering geometry G2. The reasons are as fol-

3] contained some errors.

lows: (a) The experiment
Wallbank and Holmes reported that the errors in the
measurement of absolute cross sections in each exper-
iment were estimated to be less than 10%, but the

discrepancies between the different experiments could

0.10 T T T T T
i G2(E;=8¢eV)

0.08 - u 1-photon
D i
I3
&

0.06 |- —
QE
T - - |
=} n |
004 -
w
o | 4
[a]

0.02 |- m .

0.00 L' e | . 1 . L N

5.0 47.5 90.0 132.5 175.0

Scattering angle 6/(°)

Fig.4. One-photon absorption DCS in G2. The incident
electron energy is F; = 8¢eV. Solid line, SBA result; dotted
line, Chen’s result; box, experiment.

exceed 40% at particular energies and angles. This
reflects the experimental difficulties inherent in such
absolute measurements. Hence we see that some er-
rors in the experiment could not be avoided. (b) Some
factors have not been considered in our theory. For ex-
ample, we ignore the atom polarization effect induced
by the incident electron; we only consider the homo-
geneous, linearly polarized laser field that does not
conform to the experimental conditions completely.
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Fig.5. One-photon absorption DCS in G2. The incident
electron energy is F; = 10eV. Solid line, SBA result; box,

experiment.
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Fig.6. Same as Fig.5, but for two-photon absorption.

In general, our results are proved to be better
than other theoretical results as compared with the
experimental data.
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