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ABSTRACT "

Electron-hydrogen collision in the presence -of a circu?
larly polarized laser field is studied within a formalism based
in an appropriate space-translations transformation and the -
G:eenf; functionAformalism. The Born;Oppenheime; approximation
for the scatte;ing amplitude 1is obtained.and,the dependence of
the differentiél and total excitafion cross section on the

eletromagnetic field polarization is studied.



INTRODUCTION'

The excitation of an atom by electron impact in the pre
sence of a laser field is an important mechanism for the produc
tion of electrons in a gas at relatively high pressures(l).

This problem. has been_treated within severél different
approximations; usually the dipole approximation is assumed for:
the laser fie1d (279 |

Recently we suggestéd~a theoretical treatment for the
excitation of hydrogen by electrons in the presence of an inﬁ
tense linearly polarized eletromagnetic field (EMF) ;epresenfed
by the yector potential z(t) = Aéi}cos wt (E'ié the direcfion i
of the incomming electron)cz). This apprbach is based in a
space—tpanslation Fransformation in order to transform 'fhe
hémiltonian to an adequate interaction picture. Using the
Green's function formalism and a first order perturbation theo-

ry to calculate the bound state of the atomic system, and ex-

pression for the scattering amplitude was obtained. Calculations

for the total excitation cross settiqn were done for 1ls-2s ex-
citation of hydrogen in a rubi laser field using a modified

(2)

Born-Oppenheimer approximation for the scattering amplitude
Expeyimeﬁts(lo) and theoretical calculations (11715 4
two~- and thfee—photon ionization of‘atoms have shown that cir-
cularly poiarized light gives a larger cross section than li-
nearly polarized lights.
The purpose of the present work is- to obtain, using
the same basic forﬁalism 6f refs. (2) and (3), én expression fof

the scattering amplitude for elastic and inelastic excitation of
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hydrogen by electrons in the presence of a circularly polarized
laser field, and to compare the dependence of the differential

and total excitation cross section on the EMF polarization.
THEORY

The Schrddinger equation for the system e-H in the pre-~
N -> . ' ‘
sence of an EMF represented by the vector potential A is
(h=c=1):

+o o A > 2 > > >
HE(r},7,,t) = {7;5 [B, + e R(E).0)] © ‘Zlﬁ [Pz te A(»T_Z’t)] ?

‘ . 3 F(F,,T,.t)
_ > > > > > _ 12727
S V() ¢ U('lfl’r.z)} F(ry.rp,t) =1 5T A

~ where the subscript 1 refers to the incomming electron and 2.

to the* bound electroﬁ.

U(F;.Tp) = V(ED + WELT) | (2)

with V(?) = - ez/r ‘ ' . : ‘ (3)
2 . .

+ . . . )

'pj = - i vj is the usual 11near momentum operator of the

eletron j.
We assume the dipole-approximation for the EMF and the
vector potential A for a circularly polarized field can be

written as:.

> > R - ' ) .
A(r,t) = A(t) = A, (x sen w t - y cos wt) (5)

where X and ?‘are the unitary vectors on the x and y directions.
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We introduce the unitary space-translation transforma-

. ' . : . 2.16
tion, simetric with respect to the electrons coordlnates( ):

T=exp{13®G +B) +2in®)} - (6)

with t . . > g
‘ - ~e E(t) :

ey = - & ] Rienar = - 252 | (7) 3

. a(t) = : m,ji AL o n w ' ‘ ¢
~ and ' .
e [T e

n(t) = 54 AT (t')at :

E(t) is the electric field of the EMF: g
P _ ' :
E 2 s ‘
E(t) = onw [x.cos w 't +y sen1»t]j-= §

=Eo[xcos.mt fy”senwt] -
. Under this transformation the time-dependent Schr8dinger

eQuation, eq. (2.1); takes the form:
Vo,
H v(@.7,.t) = .

L | pz ’ ' :

-] > > > - > >
:T{Iﬂ>*"7ﬁ * U ()T, ¢ @(ﬁ>3}¢(11,rz’t) =

L (r.T,,t) ' = '
e X3 . (8)

with ¥ (71,7,,0) = T F(ry,T,,t) (%)

1Y)

> . 'pz -> -> : >
and H o(F,,0) = {55 + v, T o,

2 4(T,,t)
ot

- (10)

is the,transformed Schrddinger equation for the hydrogen atom

in.the presence of the laser field. Treating 3(t) as a per -



turbation parameter of the Coulomb potential we obtain, in first

order of Z(t), the bound wave functions for the electron 2(3):

- t + t '
¢(1)C;2,t) ) ¢(0)(§2,t) . ip (cosu }senas )' (11)

where ¢(0)(?2,t) is the uﬁperturbated wave function of the hy-
drogen atom and p  1is determined using time dependent pefturbg
tion thgory(s). | |

Follqwing refs. (2) and (3) the expression fo;<the

scattering amplitude is given by:

27/ w.

ioi(v) . ] .

0
JISNCRBARDE o
~with
e, g
| i(v‘)nf_(rl’rz’t)—é | ° o)
(13)
and
2
2 k
k™ (v) = _0 + e - g1 = v (14)

2m Zm n n
and FO is the momentum of the incidént electron.
v<0 (v>0) repreéents absofption (emission) of |v| pho
tons by the e-H system during the collision process.

is the momentum of the scattered elec-

k() = k(v) T

i(v)

1

tron. >
ko ‘ : °
f is the scattering amplitude for a process where
nn'v ' > o .
the scattered electron has its momentum ko modified to k(v).The
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atom suffers a t;ansition f;om the state n to n{, with simulta-
neous absorption (v<0) or emission (v>0) of |v| photons by the
whole system. . _

vy n(?l’?Z’t) is the solution of eq.(8) that satisfies
the appropriate asymptotic condition(2’3).

Eq. (12) has the same analytical form as the expression
obtained in-réf. (2) for the scatte;ing amplitude in the case of
linearly polarized field and under the same approximations for
the EMF and for the bound electron.

The Born-Oppenheiner approx1mat10n for the scattering
amplitude is obtained when in eq. (12) we substitute the exact
fotal wave fﬁnction wi n-by the approximate fuﬁctioﬁ $§vn defi-

0 : ‘ 0
"ned as: '

W 4 G150 = “fgonc?fl,‘fz,t) ;wgonc’fz,?l,t) (16)

where §ign + (=) iS‘for singlete (triplete) states of the sys-
tem e-H. o | |

This leads to an expression for the scéttering amplitg
de with one term corresponding to the direct‘process and other
corresponding to the exchange p;ocesg. If we neglect the con-
At;ibution of the one particle.potential (V(?+3(t)) in the ex-
change part of the sCattering amplitude(z) we obtain a modified
Born-Oppenheimer approximafion,.similar to that obtained b; |
ochkur (177 |

Within this approximation the scattering amplitude is

given by:



3,0GEM D5 EE). D e
q’ (v)

+

$n0

(Fpo 28po) I, VZ ey) - a7

-> » .
where inittialy was assumed the ground state (15) q(v) is the

transfered momentum defined by:

J;(x)_is_the Bessel function of v-th o;der and real argument.

y is defined by:

cos 2= LOLD2 - An?
amnT e @)

37;6 and §), are atomic form factors defined by:

| -igq(v).T
. vy _mi 3 3 V42
ynO“—-Zn‘fd r,d7r, e

(1o GIWELTE,) (18a)
B > .
: 3 ik, .T,-k(v).T5) . .
G ho - Ez—%fdsrld r,e ° R G e, GPNE, LT
(18b)
and .
_ %% ' (19)

The expression for the scattering amplitude in the ca-
se of linearly polarized field, obtained within the same appro-

Ximations is(z):



k k(v) ’ 2 ien Iy g?«’o..?l.(v)} '
7
q (v)
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(3'110 :Gno) J\) (Dn) S o (20)

(Thé fi:st term of eq. (20} is not presentéd in ref.
(2) since in that work it was considered only atomic excitation .
processes). ‘

From egs. (17). énd (20) it is clear that for atomic
excitation processes it is fundamental to take into account‘the
distortions of the bound electrqn wave functions. Fo;.free—f:ée
transitions, where atomic exéitation does not occur during the .
collision, the scattered electron absorbs |v| (|[v]|f 0) photonﬁl
In:this'case the first term of eq. (17) (and (20)) is the one
whiﬁh describes the process.

. The differential cfoss section for unpolarized target

and unpolarized beam is given by:

do _ O 1 2 3. 2 S |
de k() {7‘: fs.ing‘ 7 lftxjip } - @en
where fsing(ftrip) is the scattering amplitude for singlet (tri

plet) excitation obtained from eq. (17) or eq. (20) using sigﬁal
+ ("') . ) »

The total cross section ¢ is given by:

o =;j(%%) do



3. RESULTS AND DISCUSSIONS
The ratio between the differéntial cross sectipn for
circularly and linearly polarized field is:

(a) Free-free transitions, with absorption (or emission)»of

[vl (Jv|# @) photons:

RV _ (deMdg)circular

- FF (do/da)linear -

USRI AS B L

- @2
IS @) 2 ag)

For the linearly polarized case the field was chosen
. v N N -

in the 2z direction. RFP‘depends on the direction of polarizatibn
and on a(y). Rotéting the axis of polarization of the laser
v ) : i

field change RFFT'

(b) E;citation-éf the n hydrogen state from thé_grbund state.

' 2. >
Rv - (do/d@)circular ;-Jv('z Ppl 13y
"EP T (do/da)Timear =~ T 7o (23)
' o " “vn

For 1s-2s excitation of hydrogén Py = esEo/Zﬁ.ws.
Figure 1 shows REP for 1s-2s excitation of hydrogen

as a function of p,- For rubi laser (EO& 5x106fV/cm and

= 1.78 eV) p, = 1.72 and o > 10"%a.u. In the limit of low

electric field or high frequencies, p,<< 1 and REPA,Z’VI. For

laser fields of low frequepcies its possible to obtain high

_ values of P and small values of a0; within the validity of

the peyturbation theory used to obtain the bound state wave

functions. |

The ratio between the total excitation cross section
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for circularly and 1inea;1y polarized field is given also by
eq. (23) since o doéé not depends on the direction of a(v)

or Z(t). However fbf free-free transitions this ratio has not
a simple analytical form becéuse the argument of the Beﬁseits

functions depends on the direction of qfv) and a(t).

4. CONCLUSIONS

The present results show that the excitation of the
hydrogen ground state to its first excited states due to elec-
tronic collisions in the presénce of an EMF with absorption (or
emission) of Iv[.photons is enhanced by circulafly polarized
light. Unfortunaly there are no experimental resultshconcerning
atomic excitation nevertheless experiments concerning atomic
ionization'indipates that linear polarization is less effective

- for thése processes than circularly polarizea 1igu£11“15).

Cal
culations of hydrogen ionization in the presence of ultra-strong

laser fields are in progress.
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Figure Captions

Figure 1: Ratio between the differential O0xcitation crosé
section for circularly and linearly polarized
. v .
field s REP’ as a function of Py for some values

of v.



