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TRIPLE DIFFERENTIAL CROSS-SECTION FOR
THE ELECTRON IMPACT IONIZATION OF
ATOMIC HYDROGEN IN THE COPLANAR

ASYMMETRIC GEOMETRY

MUKHERIJEE, K. K.,” MAZUMDAR, P. S.;% Imphal

The triple differential cross-section for the electron impact ionization of atomic
hydrogen in coplanar asymmetric geometry has been calculated using the distorted
wave polarized orbital method. The present results are in fair agreement with the
recent experimental findings.

1. INTRODUCTION

The most detailed information available about the single ionization process can
be obtained by analysing the triple diferential cross-section (TDCS) measured
in (e, 2e) coincidence experiments. The TDCS is a measure of the probability
that in an (e, 2e) reaction an incident electron of energy E, and momentum k,
will produce on collision with the target two electrons one faster and the other
slower with energies E, and E, and momenta k, and k,, respectively and are

emitted into the solid angles a\\w_ and a\ww centred about the directions (®,, @,)
and (©,, ®,). Of the possible kinematic choices, coplanar asymmetric geometry
pioneered by Ehrhardt [1] has been found to provide a particularly sen-
sitive probe of the reaction dynamics. Here, the scattering angle @, of the faster
electron is kept fixed and small and the coincidence rate is measured as a
function of the angle @, of the slower electron. The scattered and ejected
electrons show a very strong angular correlation. The angular distribution
shows two peaks [2], a peak (binary peak) near the momentum transfer
(k = k, — k) direction and another subsidiary one (recoil peak) near the op-
posite direction. .

A good theoretical description of this process is complicated by a long range
three-body break up nature of the problem. Another complication is introduced
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by the uncertainty in the description of both the ground state and the final
continuum state of the target. The ionization of the atomic hydrogen is free
from this undesirable as the injtial and final states are known exactly. Recently
absolute measurements of TDCS in the coplanar asymmetric geometry have
been performed. Actually there are two sets of experimental data one by
Ehrhardt et al. (quoted in Byron et al. [3]) and the other by Schlem-
mer et al. (quoted in Joachain et al. [4]).

Byron et al. [3] and Joachain et al. [4] have shown that the Eikonal-
Born Series (EBS) and the Unitarized Eikonal-Born Series (UEBS) theories can
satisfactorily explain all features exhibited by TDCS measured in complanar
asymmetrics ionization of the atomic hydrogen from the ground state. They
have also shown that the First Born Approximation (FBA) fails to explain the
experimental results. Now, the EBS and UEBS theories are very elaborate and
require extensive computation. It is worth-while to seek methods to implement
the necessary nonlinear elements of the theory with less mathematical effort.
Distorted wave calculations are some sort of intermediate between FBA and
more elaborate theoretical calculations, Distorted wave calculations for the
TDCS for electron impact ionization from the ground state of atomic hydrogen
were performed by Smith et al. [5]. The results of Smith et al. [5] were in
fair agreement with the experimental data of Wie gold et al. [6]. The litera-
ture contains evidence [7, 8] of successful applications of the distorted wave
method in electron atom scattering for inelastic processes. In the present inves-
tigation we have employed the Distorted Wave Polarized Orbital (DWPOQ)
method of Scott and McDowel] [9] to calculate the TDCS for the (e-H)
ionization for coplanar asymmetric geometry.

In the First Born Approximation (F BA) the slower electron is represented by
a Coulomb wave but the faster electron by a plane wave. But Geltman [10]
initiated a different approach. He represented the wave functions of both the
slower and the faster electrons by attractive Coulomb waves of unit charge. This
choice is physically reasonable because after ionization both electrons move in
the field of the residual proton of the unit positive charge. Moreover, since the
wave function of the first outgoing electron is calculated in the attractive
Coulomb field of the residual nucleus, which is a part of the complete interaction
potential, this theory might be regarded as a higher order theory. It was noted
by Smith et al. [5] and Pathak and Srivastava [11] that this type of
choice of the final state wave function leads to the theoretical predictions of
TDCS which are in better agreement with the experimental findings of
Wiegold et al. [6] than FBA. In &r present calculation we have represen-
ted both the slower and the faster electrons by attractive Coulomb functions of
the unit charge. We also note that it was shown by Peterkop [12, 13] and
by Rudge and Seaton [14] that in the case of electron impact ionization
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the effective charges z, and z, as seen by the faster and slower electrons should
satisfy the relation

L S N R
ki ky ki ko k- K

where k; and k, are the momenta of the faster and slower electrons, respectively.
Our choice z, = z, = 1 satisfied the above condition in the case of the Ehrhardt
coplanar asymmetric geometry in which |k, — k| > 1.

2. THEORY AND NUMERICAL METHODS

The TDCS for electron impact ionization may be expressed in atomic units
(a.u) as [15]

d’ec kik,

dk,dk,dE, K, |

where f*(k,, k,) is the ionization amplitude and the superscripts (+) stand for

the singlet and triplet spin states, respectively, k, k; and k, are the momenta of

the incident, faster and slower electrons, respectively. E, is the energy of the
slower electron. Now,

[0-251f* (ky, k)l + 0.751(~ (ki k)7 ¢y

fE(ky, k) = 2my~"? X (21, 1) X, (25, )] PE(R, 1)) 2
where ¥*(r,, r,) is the total wave function of the (e-H) system and is written as
Y, =01+ P,) ﬁe_mﬁﬁwv + %EAJ, R F*(r) 3)

P, is the permutation operator which interchanges the labels 1 and 2, @, .m:v is
the ground state wave function of atomic hydrogen and D, (r, 1) is H.ro
polarized (distorted) atomic wave function [16], z, m:a. z, are the effective
charges seen by the faster and slower electrons, nmmvoo:é_«. ~.= our present
calculation we have taken z, = z, = 1. The interaction potential is taken in the

direct channel and is written as

V=t L @
LAT AV

X (z, ) stands for the Coulomb wave function [9] in the mm_.a of the n.naconn

charge z. The radial part of the scattering function F * (1) satisfied the integro

differential equation given by Temkin and Lamkin [16] and corrected for

the p-waves by Sloan [17]. f*(k,, k,) can be written as 9]

J= ki, k) = [[5(ki, ko) + fp(ki, k) £ [fE (K, k) + [k, k)] (5)
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where f5 (k. k.), Seolky, k), [t (k,, k;) and Sk, k) are direct, polarized
direct, exchange and polarized exchange amplitudes, respectively.
Now,

f5(ki, k) = 2 X (2, 1) Xio(22 B) | FE(1) @,4(r,)> (6
and
Sio(ki, k) = (27)= (X, (21 1) Xz £)IVIFE(r) @,,(r, 1)) . (7
The other two scattering amplitudes can be obtained as
TE (K, k) = f3 (ky, k) ®
Tietki, k) = f,(k,, ky). ®
We have carried out the partial wave analysis of equation (6) and (7) following
Scott and McDowell [9].

The integro differential €quation for the incident distorted wave has been
solved by using the Numerov method [17] up to a radial distance of 40 a.u. The

a.u. The contributions of S#pand f; are found to be negligible for ly > 8, where
ly is the orbital angular momentum quantum number of the incident electron,
Higher partial wave amplitudes (for Iy > 8) have been replaced by the Coulomb
Born amplitudes of Roy et al. [18]. Now once Ik, k), f£(k, k,) and
Sfre(ky, ky) are evaluated from equations (6) to (9) we can determine Sk, k)
from equation (5) and finally w:oim:m S*(k,, k) we can compute TDCS from
equation (1) and compare it with experimental findings.

3. RESULTS AND DISCUSSIONS

In figure 1 we have compared our present results with the experimental
findings of Ehrhardt et al. (as quoted in [3]) corresponding to the case in
which the energy of the incident electron is £, = 250 eV, the energy of the slower
electron is E, = 5eV and the angle of scattering of the faster electron is @, = 3°,
We find that in the binary peak region our results are in good agreement with
the experimental results and the Eikonal Born Series (EBS) results of B y-
ron et al. [3]. As in the EBS, the binary peak is shifted to larger ejection
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Fig. 1: The TDCS (in atomic units) for the
ionization of the atomic hydrogen from the
ground state by electron impact for the case
E;=1250eV, E,=5¢eV and O, = 3°, as a func-
tion of the angle of ejection (&,) of the slower
electron: present DWPO results; ————
FBA results; ——-—- EBS results of Byron et
al. [3]; . absolute experimental data of Eh-
rhardt et al. (as quoted in [3]).

180 120 60 0 -60 -120 180
Fig. 2: Same as for fig. 1 but for the case
E,=250eV, E;=5eV and O, = §°.

figure 2 we have compared our theoretical predictions with Eo. nxbwng.ni&
findings for E, = 250eV, E, = 5eV and O, = 8°. Here also the situation is .:.6
same as that in the case of figure 1. In figure 3 we have compared our Snonn:o.m_
predictions with the experimental results of Schlemmer et al. (as quoted in

Fig. 3: TDCS (in atomic units) for the ioniza-
tion of the atomic hydrogen from the ground
state by electron impact for the case
Ey=150eV, E,=5eV and @, =4°
present DWPO results; ———~— FBA results;
||||| UEBS results of Joachain et al. [4] .
absolute experimental results of Schlemmer et
al. (as quoted in [4]).

T T




[4]) for the case E, = 150eV, E, = 5¢V and O, = 4°. We find that in the binary
peak region our results are in fair agreement with those of the experiment and
the Unitarized Eikonal Born Series (UEBS) results of Joachain et al. [4].
In contrast with the carlier case in the recoi] peak region the predictions of
”_ oachain et al. [4] are not in good agreement with the experimental find-
Ings, although they are still better than our results, Our predictions near the
recoil peak region are better than those in the cases of figures 1 and 2. In figure
4 we have reported our results for the case Ey=150eV, E, = 5¢V and O = 10°
The situation is similar to that of figure 3.
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TPOMHOE ANOPEPEHUMAJILHOE CEYEHUE AJ8 DJIEKTPOHHON YV AAPHOM
HOHM3ALIUM ATOMA BOJOPOAA B KOMILIAHAPHOH
ACCUMETPHYECKOH I'EOMETPUU

Ha ocrose MCTOJAa HCKaXEHHBIX BOJIH TIONIAPH30BAHHBIX Oﬁ@—:. BBIYHCJIEHO .—.ﬁONEOﬂ DNA.XVG.
PCHUHANBHOE CEYeHME IJIA 3IEKTPOHHOMH %\Hmﬁmown HOHHU3AIMUH aTOMa BOAOpOAaA B NOZQENENUEOW_
ACCHMETPHYECKOif FCOMETPHH. :ﬁ:wnhommzn PE3YABTATHL XOpoIlo COTJIAaCYyIOTCA C HEHABHBIMH
IKCIEPHMEHTAJTbHBIMU JAaHHbLIMH.
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