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The present survey reports the
recent theoretical studies on the
formation of exotic atoms in posi-
trcn-hydrogen, positron-helium and
positron-lithium scattering spe-
cially at intermediate energy
region. The ionisations of these
targets by positron impact has al-
so been consicered. Theoretical
predictions for both the processes
are compared with existing
measured values.

INTRCCUCTICN

In recent years. amazing deve-
lopments in the studies of positr-
on-atom scattering have been noti-
ced. It has beccme possivle due to
the availability of intense and

energy resolved positron beam and

ctors. A large num-
thecretical stud-
in also play a

ies, Yearse

big role in it. The present survey
concentrates on the recent thecre-
ical developments in the studies

. +
of inelastic processes in e -atom

scattering. In particular, we dis-
cuss on the follewing two inelas-
tic srocescses.
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i) Fositronium formaticn in e -
atcm scattering;

ii) Icnisation of atoms by positr-
on impact.

These two inelastic processes
are nct altogether different.
Positronium atom may also be for-
This has

reen first predicted by Brauner
1

med in the continuum,
and Briggs~ that the presence of
(e+-e-) pair in the final state of
positren impact icnisation results
in a prccess known as ‘positronium
toc the continuum'. This is due to
the energy distribution of the
secondary electron. The London
group (Charlton et a1?) reported
the first experimental evidence
for a peak in the energy distribu-
tion ©f the secondary electrans
frem positron impact ionisation.

In
in Gases in 1987,

the last conference on Positron
the toric hes
been discussed in details. It is
of no use to repeat this.

In the last workshop on Posi-
tron in Gasess, there are little
discussion akcut the theoretical
mcdels emrploved to investigate

these twec irmportant inelastic pro-

cessest alihcughs results are guc-



ted many times by different spea-
Xers. However: thecretical models
are covered by Ghosh3 in cur na-
tional ceonference. In this rasume.
we discuss the theoretical models
developed or employved to investiga-
te these two inelastic processes
after 198e6.

Dues tc the limited time, we
will consider H. He and Li atoms

We start with Positro-
+

as targets.
nium formation in e =atom scatte-

ring.
Positronium Formation

Positronium (Ps)., the decaying
bound state of the electrcn and its
antiparticle has presented an allu-
ring challence to experimentalists
and theoretical physicists for over
35 years., Milestones in positronium
research inclucdes the observation
cf its ground state in 1951, obser-
vation of its excited state in 1975
and recent drametic discovery of
positronium negative ion (Ps”) in
1981.
ground and excited states may be
formed in et-atom ang e+-molecu1e

Positronium atom, in its

collisions. A large number of theo-
retical studies have been carried
cut to predict capture cross sec-
tions using different theoretical
mcdels depending cn the energy
range considered. For earlier works
one may ¢o through a series of ex-

cellent reviews (Ghosh et al4,
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Humberstond, Ghosh3 and Joachain®).

We start with Ps-formation in
et-re scattering. This is due to
the fact that meaximum number of
experiments have been carried out
for this system (Fornari et al7c
Charlton et al?, Fromme et a18,
Diana et alg). A large pumber of
theoretical investigations have
also been made during the same pe-
riod. Mandal et allo
out a distorted wave model tc pre-

have carried

dict ground state capture whereas
Khan and Ghoshll and Khan et al12
have reported ground and excited
state capture cross section res-
pectively using distorted wave
polarized crbkital metnod. McDowell
and Peachl3 have also investigated
the same process using classical
theory of charge transfer, To have
an idea about the agreement betw-
een the theoretical predictions
and measured values, we compare
the Ps formation cross sections
(cps) in Fig.1l. It is evident from
Fig.1l that all experimental results
'xéept those of Charlton et al are
in fair agreesment with one another.

Here, measured

(1s) - .
Ogg = Ops  +95 (all excited
states) (1)
whereas theoreticzlly B
_ {1s), (2s8),  _(2p)
95 = %s *ps TIpg (2)

as calculated by Khan et al,
At higher energies., theoretical re-
sults seem to uncderestimate Ocs
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Fig.l. Gﬂs in e -he scattering:
measured values -~ |, Charlton et
al?; A . Fornari/ et al %, Diana et

a19 4 + Fromme et 218 Theoretlcal
results: — . Khan et allz.

whereas at low energies the égree-
ment is good. Mcreover:, experimen-
tal values are higher than first
Born predictions (FBa) even at
300.0 eV. The situs

more elaborate calculation to in-

tion demands a

vestigate the problem at higher
energies.

Ps formation in an e+-atom
ccllision can be compared with
electron transfer in & proton-
It is wellrkncwn
the

second Born term is of vital impor-

atom collision.

that in ion-atom scattering.

tance in determining the asymptotic
behaviour of the capture cross sec-
tion. Considering these facts. we
tave used a mocel in which the

second-order effects are included
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in a realistic way. We have em-
ployed two second order models to
calculate groundé state capture
cross sections. These models may
be represented by the following

two equations

BA B B
gs“=gl+982 (3)
BG C ~
g = "% + 570 (4)
where gBl is the first Born cap-

ture amplitude and gCS is the cap-

ture amplitude ocbtained by sol-

. X . B
ving coupled static equations. g 2
is the conventional second Born

B2

~ s -
term. g is given by

NB f 4
g, 2 K%)=

—%ZK a2

" 1o v w=i€)

(k":k) (s)
Bl 1.7
k) and fylv(,{ l.()

are the ‘lrSt 2orn amplitudes in

g l u(k ck )f

where g ,(

the direct and rearrangement cha-
nnel respectively. In other words.

in calculating 552,

the summation
over the ground state 1is omitted.
Closure relation is found to ce

unsuitaoble in evaluating the se-

cond Born capture amplitude. The
=
second Born terms ng and 5 2 are

evaluated by retaining suitably
chosen target states.
a) Hydrogen Atom

we have started the investi-
gations with hydrogen atom (3asu

14) as

and Ghosh 5 this is the trial

horse for the theorsticians as



most accurate results are availa-
ble or may be performed only in

To have re-
che

second Born term with the addition

case of hydrogen atom.
liable results, convergence Of
of the target state is required.
We have retained two eigenstates
(1s,2s) and three pseudo-states
35 and 3d).
2D and 33 are taken from Damburg

15 35 from Burke and

(2B, The pseudo states

and Karule and

Webbl6.

pseudo-states,

To justify our choice of

we have evaluated
the direct seconé Born amplitudes
using these states. Table 1 gives
the forward second Born amplitude
for elastic e -H scattering along
with those of Holtl7 and Prasad18

Tanle l. Forward second Born am-
plitude for elastic e =H scatte-
ring (atomic unit).

=

(V) 50 100 300
Real
=

Exract 1.96 1. 35 C.74
3G 1.75 1. 25 0. 65
Imaginarv
Exact™ 1.60 1.51 1.15
BG 1.76 1.54 1.14
*iolt 10, Prasad 11l.

Present results are in reasonably

good agreement ‘with those of éx=
act predictions as given by Holt

and Prasad. This is the reason

repind our choice of Pseudo-state

ation,

in the calcul

- Fig. 3.

We have calculated the diffe-
rential cross section (DCS) for
ground state capture in the energy
range 50-~360 eV using conventional
second Born approximation (SBA) ang
in the energy range 5C-300 eV by
using model (2) (denoted by BG).
Ficg.2 and 3 show$ our DCS using 3G

¢a/dQ las =)
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8 (deg) |
Filg. 2. Dlrfgrentlal cross sectio-
ns (DCS) (ag sr 1) for ground
state capture in e"-H scattering

at 80 eVy =, BG; --, SBn' _——
F3A
0P
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Same as Flg.2 but at 300 ev

and S2A zt the energles 80.0 and

3CC.0 eY. The results of the first
Born arproximation (FBa) have also
veen included. The F3A results att-

ain a2 zero value arcund the scatte-~



ring angle 259, whereas the SBA and nt than that of DMS. DMS results

BG have structures near 45°, The fall faster than ours after the
FBA predicts zero cross section as scattering angle 50°. There is no
the two parts of the amplitude are reason to prefer one result over
of opposite sign. The second order other. The results await experi-
term prevents the total cancella- mental confirmation or more ela-
tion in the DCS and the residual borate calcuwlations.
structure is due to the destruc- Integratad cross sections for
tive interference of the ampli- ground-state capture using SBA and
tudes. The Thomas peak for elec- BG are given in Takle 2.along with
tron capture by heavier atoms is F54 and coupled static results
well known. For the p -2 system, (csa). The BG and SBA results are
there are two peaks. In case of always greater than that of the
positron capture. the.two peaks FBA and the present values (BG)
acproach at about 45°. These fea- lies between those of FEA and S3BA
tures heave been noticed by us at excevt at the lowest energy consi-
all energies. dered here (50 eV). From thetable
19

Recently. Debk et al have Tacle 2., Integrated cross section

‘ (nag) £for ground-state Ps-forma-

tion in et-H scattering.

tion in which Green's function is -
. . Energy »

evaluated approximately to inves- (eé?‘ FBA csa SBA BG

tigate the prcblem. In Fig.4., we

gpplied a second Born approxima-

30 C. 46 C.53 .62 0.56
80 0. 1C 0.13 C.13 0.1z

i \\ 1360V _ - - -
= \\ 100 0.46 1 o.5171 c.5371 c.a67t
29F 200 0.25"2 0.2872 0.3172 0. 267¢
sty 3co 0,373 0.4c73 c.4973 03973
«S -if E\'_--“ -4 -4
A 2 :;’\\ . 5C0 0. 26 - 0. 38 -

T AN ~
'”4 ﬁ it is evident that the BG rasults
: : S . . are alwavs less than the CSA re-
co 250 s3C 750 ICC.0 1250 iS00 11sC
6 des ) sults. It may be mentioned that
Fig. 4., DCS (Ha2 Sr-l) for cround the DMS results of Deb et al and
state capture in e -H scattering DWBO results of Khan and Ghosh
at 136C eV, —, SBA,’ - —, CIMS . .
(Deb et all®); --=-, FBA. (nct shown in the table) are always
cempare our S32& results with th- less than the present S52A and FBA
oSz 0F Deb et all9 (DMS) at the results respectivelvy.
incicdent energy 1360 eV, Cur SZa We have extended our SBA to
structure near 45° is more nromine- calculate n=2 ercited state cap-
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ture in et-H scattering. Second
Borm term is evaluated by retai-
ning three eigenstates (1ls,2s.2Dp)
of the target atom. Tripathi.Sinha
and £i1%° nave also predicted exci-
ted state (n=2) capture cross sec-
tion using eikonal approximation.

Fig.5 shows the DCS for 2s state

0k

dalgQ o} sc™
L] -8

%

Fig.5. DCS (&g sr 1) for 2s state
cagture in et=H scattering. The
results at 500 eV ars multiplied
by 103. S8A; - -, FBA,

capture at the incident energies .
al, rredicts the zero cross section

—,
as usgu-

at 2ll the energies. No structure

is obtained in the DCS using the S2EA
upto the incident energy 1lOC eV. As
the energy increases. the structure
is more prominent and the position
of the structure is arcund 45°. we
show only the results at 5CC.C eV.
The contrilbuticn of the second or-=
der terms is dominant around the

zero values of the FRA at low ener=

gies. at high energlss, these terms

prevent total cancellation and we
get the resicdual structure. How-
ever Xhan et al using their diste
orted wave method have obtained
for the
ev.
for the 2p~state cap-
at 8C ané 5C0 eV are

As in the case of

structure Same processes
even at 13.96

Cur DCS
ture process

shown in Fig.é€.

Fig.6. Same as Fig.35 but for 2p
state cepture. )

the 2s states we do not find any
structure upto the incident energy
5CC eV. and Sil

have also obtained the structure

Tripathi, Sinha

above 5CC eV, Here also, the struc-
ture is more orominent with the
increzsse of energy and the rosi-
tion of the structure is arcund

the scattering angle 45°, It mav be
mentioned that the FEA cdoes not
predict any minimum in the energy
range considerzd, Instezd of Teing

cancelled, the twe terms ©of the FEA



amplitudes are combined. The second
Born term is totally responsible
for the structure at high energies.
In fact, the destructive interfe-
rence of the FBA and the SBA ampli-
tudes at high energies provides the
We hasten to add that

Thomas mechanism is valid only at

structure.
high energies. Therefore., it is not
surprising that we have not obtai-
ned Thomas peak for excited state
capture at low energies.

Table 3 presents the integrated
excited state capture cross sections

Table 3. Integrated SBA cross section
(na2) for excited (2s and 2p) state

capture n e"-H scattering.
E
(eV) 2s 2p
50.0 0.165 c. 366 %
80.0 0.2527 % 0.601 2
1CC.0 c.12471 0. 219”2
20C. 0 0.507" 3 c.620"4
300.0 0. 6994 0.66372
56C.0 0.5347° 0. 34876

Tre present second 2orn results are
always greater than those of the
FBA.‘These results are of importance
to obtain the tctal Ps-formation
cross sectien. The present excited
state capture cross section are nct
negligible when compared with grcound
state capture cross sections. It may
be noted thet 2s and 2p state capture
cross sections differ by one order ©Of
macnitude, 2s state capture Cross

section beihg higler.
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To find the validity of cur
methods, our group has carried
cut investigations using close
coupling approximation (CCA) with
two coupling schemes
1) H(ls). H(2s)., H(2p). Ps(1ls)

2) H(ls). H(2s), H(20). Ps(ls)

Instead of solving the con-
ventional courled integro-diffe-
rential ecuations, we recast the
Schrodinger ecuation into a coup-
led integral equation in the mo-
The final
mensional coupled integral egua-

mentum space. one di-
tions have been solved by matrix
The details of

the numericsl method have been

inversion method.

discussed in our nerer (Basus
Mukherjee and Ghosth).

At low incicdent energies (in
the ore-gap reglon) very reliable

s=-: p- and d-wave ground state

capture cross Sections for et-u

are available (Humberston and his

22=2

4 . < s
co=-workers ) using variatio-

nal methcds. In practice, it 1is

not possikle to rerform such ela-

borate calculation at intermediate
ané high energies and also for
complex systems. We compare two
sets of s, p and d-wave phase
shifts obtained using CCA with va-
riational results in Tables 4 - €.
It is well known that the s-wa-
ve Ps-formetion cross sectlon is
very sensitive to the method emplo-
we have shown rre-

ved, In Tarle 1.



‘'sent two sets of results along with

Table 4, s-wave p051tron1um forma~
tion cross sections (nq ).

k 1s-25-2p-Ps ls=-25=-25-Ps HZ22
0.71 .608(=-2) .558(-3) .41(-2)
0.75 .418(-2) .282(=3) .44(-2)
c.8  .244(-2) .113(-2) .49(-2)
.85 .136(-2) - . 58(=2)

the variational prediction (Humber-

ston22 )

Table 5. p-wave positronium forma-
tion cross sectlon (nag).- on
1s-25=-2p-Ps 1ls-2s-20-Fs 7Bﬁ23
0.71 .121(-1) .803(=2) .27(-1)

c.75 .278 . 218 « 37
0.8 . 411 . 344 .48
.85 .470C .40l .56

In Tables 5 and 6 we have tabula-
ted ocur present two sets ¢f p- and
The

Tavle 6. d=-wave positronium forma=
tion cross csection (nag).

d-wave capture cross sections.

BH24

k 1s-25-2p-Ps 1s-2s-2p-Ps

Oo 71 0286(-3) -351("'3) 062(-3)
0.75 .1l44 .170 .34 '
c.78  .465 .578 .81
0.85 .684 . 897 «11(+1)

variational results (3rown and
Humberston2 ) have also been in-
cluded for comparison. Our p- and
d-wave cross sections are in fair
agreement with variational numbers
the present numbers being lower.
The polarizakility of Ps atom
is eight times that of hydrogen. it
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is expected that the inclusion of
long range force of the Ps atom
will affect the results signifi-
cantly.

Being enccuraged by the above
results, we héve carried out our
CCa calculations upto the incident
energy (20C eV) (Mukherjee et a1%%)

Fig.7 shows the present diffe-
rential cross section at 10C eV

order results (EG)

|

using ou~ second

2

Differential cross section in units of 4,

! i i
0 20 60 ICO
Angle in degree

rig.7. DCS (ao sr 1y for Jround
state capture in e’ ~H scattering
at 100.0 eV. eigenstate CCA;
---, pseudo~state CCA; - -~ BG.

—

along with our twc mocdels of CCa at
100 eV. The position of the Thomas
peak as obtalned using eigen state
CCA and BG are nearly identical
whereas pseudo-ctate CCA fails to
predlct the Thomas peak Howevero
we may skip the minimum. At large
Scaftering angles. the two sets if
CoA results differ appreciably from
BG. The contribution to the sca-=
ttering amplﬂtude unto the second
crder may noct be’ sutf cient for.



‘convergent results at large scatte-

ring amplitude upto the second

order may not be sufiicient for

convergent results at large scatte-

ring angles. This may be the rea-
son of discrepancy.

Table 7 presents the ground
state capture cross sections ob-

Table 7. Ground state capture cross
section (in units of nag).

E

) 50 100 200 300
Dseudo 0.37* 0.46° 1 0.277% -
SBA 0.62 0.53°% 0.317% 0.4973
BG 0.56 0.46"1 0.267% 0.3973
F3a 0.46 0.46"% 0.257°

0.3773

*54,4 eV results.

tained by different metholds. BG
and SBA are the two second order
results. Qur pseuco=-state CCA and
the FBA results are also included
For incident ener-
our CCA and BG re-
It is
3C0O

for compariscon.
1CC eV,

sults are in good agreement.

gies E
interesting to note, even at
eV,
and SBA are greater than the F3A

the second order results BG

results.
b) Helium Atom

Deb et al26 have calculzted
grouné state capture Cross section
using similar method as applied to
the case of hydrogen atom in the
higch energy recion. rHere also, they
have obtained the structure in the
DCs around 50° as expected. Their
ground state cepture cross sectims
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in the very high energies are also
greater than the corresponding BK
results. We are now investigating
the same process using our FBaA to

calculate OPS

. Till now, we are
able to include three eigenstates
(152, 21s, 2'P) as intermediate
one. Our preliminary result shows
that cross section is increased by
aout 10 pct.

dent energy 3CO eV. Below this in-

over FBA at the inci-

cident energy. results, may not be

be relilable. Fig.8 shows the diffe

(o]

Gr. state DCS(aZ)

Fig.8. DC3_in et-ue ground staze
capture (ag sr-l). S BA,
-=, FBA.

rential cross section at 3CC.0 eV
using FBA and SBA for ground state

—

capture in e -He scattering.
c) Lithium Atom
o]
Recently. Abdel-Rauf‘7

1

has em=
plcyed a frozen-core coupled sta-
tic method to investigate et-1i



: + .
and e ~Na scattering. The effect of
taken by intro-
Moreover,

the inner shell is
cucing a core potential.
the exchange effect of the valence
electron with those of core is in-
cluded via local exchange totential.
He has reported the results upto the
incident energy 10C0.0 eV. Using the
wavefunction of Clementi and Roe-
tt128

In the present conferéence, Ghosh

29

and Basu also rerort the coupled

static calculations using the wave-

30

function of Weilss™ . In our calcula-

tion, we assume that the valence

electron is the only active elec-
As

well outside the core.

tron, the valence electron lies
this, we ex-
pect, introduces marginal error. At
low incicent energies ( 5 eV) resul-
ts differ appraciably from those oOf
Abdel~Rauf (Table 8)

Takle 8. Total grouno state capture
cross section (na2) using coupled
atic approximation.

We believe,

Ghosh Abdel

2{ev) et a12d Raouf27
c.1 137.8 140C.9
0.5 87.2 47. 3
1.0 51.%4 51. 43
3.0 35. 35 16.9
5.0 24.5 14,3

trne differsnce between these two
r2sults are due to the use of diffe-
rant wavefunciions as well as with
and without inclusion oI exchince

e slso rercrt our

ccre potantial.
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preliminary results using 2s.2p.ps
CCA in this conference. It may be
mentioned that we have also calcu-
lated the ground and n=2 state
capture cross sections for et-ri
scattering (Ssarkar et a131s32)
using the seccnd order method of
Basu and G‘nosh14 at intermediate
energies.
ii) Ionisation
a) Helium Atom
We concentrate mainly on total

° 1on) in
e -He scattering as three groups
9

’

ionisation cross section (o
(Fromre et al®, Dizna et al
for

The
first quantum mechanical calcula-

.. .33
Sueocka”>) have m ured
easured 0y

this system in this decade.

tion for e¥-He ionisation including
the positron signature has been

carried out by us (Basu et a134),
The choice of the e

are as follows :

ffective charcges

2 23
1) 1 1 -
ii) o} 1

A distorted wave method in which the
wavefunction of the incoming posi-
tron F(X) satisfies the adiabatic
Schrodinger equation gi iven BY '

(V§+k§+vs(x)+vp(x))F(§) =C (5)

has been employed to investigate the

V~ and V

tic and rolﬂrlzat_on “Otobt*alc res-
The 3

ticn kcs been use

problem, Here are the sta

pectively. ylleraas wave-unc-

;o;rcom u»atlonal



‘ease. The distortion in the initi=-
al chanriel is found to be insigni-
ficant. Campeanu et al35 have re-
peated the calculation using
Hartree-Fock wavefunction frcm
Clementi and Roettl for e+-He io-
nisation with certain modifica-
tions and using different distorted
ave mocdels. They have considered
following different choices of

effective charges

N

A B

i) 1 1
ii) 0 0
iii) o] 1l
iv) o) 1

They argued that mocel (ii) of Basu

4
et 313‘
because when the ejects

is not physically correct
d electron
faster than the scattered posi-

.
Ao
i

0.6 T L] ] 1 | 1] ¥ 1
P
~ 0O.4r
~ L
E
Q
° L
lg L }
+ 8 0.2f
o L
- ]
OJJL_*#*l [ I VI S B |
0 40 80—~ 120 160
ENERGY (eM)-
rig. 9. Ionlsatlon cross section

Jion (nao) in et-He scattering.
Czrpeanu et al33; Rasu et
2134; : B meagurod values of
Fromme et al«.

— -
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tron. it cannot screen the residu-
2l ion. In other words. they have

taken the maximum value ©0f the
encrgv of the ejected electron to
be E/2.

the distortion in the finzl cha-

Moreover, thev have taken

nnel.
the theoretical

predictions for total ionisation

In Fig-gl

. + ..
cross section (Glon) in e =Y¥e sca-

ttering are comparedwith the mea-
sured values o0f Frcmme et al33
The agreement between the theore=-
tical results and measured values
is good.

b) Hvdrogen Atom

Verv recently, Spicher et

al36 hzve measur=d 0O, for e+-H
ion
0;\1.00—' i
e
o
O
o
=
z ] {
-,- .|
5 |
b N
o.s-
1 |
0 Eev) 100 200
+ .
Tics1C. O, in e =H ionisation:

., q01cho%ogt al36; —, Chggh et
al3’; ---, rukherjee et al

scattaring. It may be mentloned

that we (Ghosh et al } have per-

formed tie calculestions for e Tay

~,

icnisation using the same method



as applied e+-He ionisation. Re-
cently Mukherjee et al3 have also
investigated e+-H ionisation foll;
owing Campeanu et al. Theoretical
results are compar=d with measured
values in Fig. 1C. It is found that
results of Ghosh et al are in good
agreament with the measured values
Results cf Ghosh et al are in good
agreement with the measured values
Results of tiukherjee et al are lo-
wer than those of Ghosh et al and
are in fair agrezment with thzs ex-
perimental values.
c) Lithium atom
Basu and Ghosh
tad Oion
distorted wave method. The Ionisa~

39 have calcula-

. + - ;
in e =L1i collisicn using

tion cross section is found to be
very small when compared to elas-
tic or other inelastic processes.
In absence of any elakorate work or
experimental measurements, there is
no scope for comparison

Howev=r, wWe like to point out
certain salient features of ionisa-
tion process.
Theory of ionisaticn of atcms
by electron and positron impact is
complicated due to the role of
Coulomb correlation in the asymp-

totic behaviour of ionised elactron

‘Peterkop-Rudge=-Seaton theory oZf

ionisation offers the prescription
for the final state wavefunction
and their relation between the eff-
ective charges Z, and Zg in the fi-
un

nz]l state wavefunction is given by -

z

SLL B _ 1
kp Kz kg [Ka kgl (5)

In the literatures, we have found

di fferent choices for the effective
charges satisfying the above rela-

tion but otherwise arbitrary. It is
not possible to find an unigue re-

lation between the charges. The io-
nisation cross section is extrasen-

sitive to the choice of the final
. . 40
state wavefunction (Ghosh et al

)

This is apparent frcm Fig.1ll. Here

”-|

]

wes (ou)
T—rvrreey

]
-

”'l

Fig.1ll. Triple differ=ntizl cro:zs
section (TDCS) at e+—H ionisation
at E = 20 eV (m 3 eVr 89 = 20°9):

--, F%A, - oice (ii) OFf Gnosh
et al40; —, DCA (multivlied by a
factor of 103).

Tre results of tripls diZferential
cross section (TLCS) using double

“culomb arproximation (DCA) differ
from those of the Born r“SLl+S by a
facuor of 10CO. The results uclng the

ther choices are also found to dizz-
er dramatically.

To study the ionisation prccess.

one, we velisvszs, has tc be verv cara-
ful regarding the asymomtotic crndi-

J¢

tion prescribed by Paterkeon-

()
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Rudge-Seaton. Moreover: the eff- foreign travel suprort to attend

ective charges should fulfil the the workshop. The authors are also
following limiting conditions' thankful to Prof. Raith for giving
which must be satisfied physica-~ their results of e+-H ionisation
1ly. prior to reporting anywherz else.
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