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ABSTRACT. 'The oxprossion lor the cross sochion of the oloctron cupture hy Hol ons
passig through normal Ho atoms hay hoen derivod by applymg a vauational mothod — Tho
offoet of oxchange of tho eloctrons und the mfluence of thar tramshntory motion an the erosy
section huvo boon takon mio account

INTRODUCTION

The first, theoretical mvestigation of charge exchange between Het ons
and He atoms has been done by Massey and Smuth (1933) with the purtarbed
stationary states method wlueh has been further apphed by Dallaporter and
Bonligholt (1943), Fusov (1951), Jackson (1954) and Mowciwitsch (1956)  The
above authors have used a hncar combination of the two lowest helnun molecular
101 states hke Het,) viz, the ground state whieh s symmetrie with vespeet to the
exchange of the two nucler and the antisymmetric state just above the ground
state and have approximately solved the time dependent, Schrodimger equatson.
In the ahove method the cross section depends mamly on the didference of the
electrome hindmg energies of those two states for which Massey and Suuth have
used, with switable extension, the electrome energy for Ile!, caleulated hy Panbhing
The range of energies of the inexdent 1on covered by Massey and Snnth was {rom
500 ev to 12 kev, whereas the same was further eatended by Jackson from 200 ev.
to 100 kev. Maowseiwitseh covered a still wider range of energies fiom 0 1 ev to
10 kev, further he used three sets of wave function to caleulate the electronic
hinding cnergies  For the hugh energy region (100 kev to 700 kev.) Schiff (1954)
hae grven an estimate of the eleetron capture cross seetion for He! ions passing
through He atoms by applying Born approximation method; he has used complete
interaction including the nucleus-nucleus mteraction m the Hamiltonan and has
assumed unit effective charge of the meident iomzed helivm atom.  Snitzer
(1953) has experumentally measured the capture cross seetion for Het jons on He
atoms for the energy region 100 kev to 450 kev. further extenson has been made
recently by Kverhart and hus collaborators (1963) who covered a wide range of in-
cident ion energy starting from 0.4 kev, to 25 kev.  Everhart et af have turther
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observed that at a fixed scatlerng angle, the electron caplure probability when
plotted agamst the incident son energy gives several resonant peaks and valleys

In the present paper we have derived the expression for clectron  capture
by He'ions passing through He atoms by applying a variational method which
15 valid for both moderately Ingh and low velocities of the meident 1ons — In ow
formulation the momentum transfer term s meluded in the wave function and
the effect ol eachange of eleetrons 15 taken into account

THEORY

We consider the capture of an electron from the ground state of a hdlium
atom A hy the smgly 1omsed helium ion B We assume the nucler B and 4 njove
with wulorm veloeties Jp and — Ly vespectively, the effect ol the mu-lvus-mukmls
interaction s neglected  Initally at £ —  -o0 we have the two elecirons atbached
to the nucleus I oand one m nueleus B0 We symmetrize the mitial state wave

tunctions by taking proper account ot the eliect of eleetron exchange.

The time rate of change of clectron state wave function is gven by the tine-

dependent Sclhnodinger equation

Ay
Hyr = o (1
Y o 1)
where 21 1s the Hamdtowan corresponding to the motion of the elections in the

coulomb feld of the two nuelei

_ h* 22V T 9.2 < 1 _ 1 ) L o2 1

[
12 =123 R

and r g, gy e the position veetors of the n-th electron from the nueleus 4 and 3
tespectively and 7,,'s are the inter electronie distances — The Schrodinger equation
(1) 15 obtained by makmg stationamy the following variation mtegral T.

I3 T 1,5 0 1. 0#7) ;
I — j( o VHY  guHV+ quid U — Sy O Vet (2)

with 1espect to small arbitrary varation of ¢ and ¥ tor a surtable approxmation,

we choose a trial wave lunction ¢ .
Yop = AW+ By . 3)

where r, is the produet of the two ground state wave funetions, one for the helum
atom with the nucleus A and the other for the 1onised helium atom with the
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nucleus B3, 718 the product with .1 and B interchanged.  Here we have restricted
our caleulations to two electron states  The ¢, and ¢/, can be written as

, 1 ' , ’
Wy — \’/::l ('/’l'{ ',//-_5—}",/’;,)—(4"), '/’j‘ - _/; ('/’1 '+"1”2 -| ly//a) (4b)

whero Yy = uy(2, 3)vyt(l) {K)M)./ﬂ} a(l)

e = . a2y {ZELAD BAVPC) o)

try = uu(1. 2)vgH(3) 1“(1”}(9) oc(Z)ﬁ(l)} o(3)
oy = e ] “——(2)/’(:})\‘}5‘(3)@} a()

s = v g2y PO AN g

i = a1, 2) ) { DL Y o

Wiy - oete are cach normabsed, the fuctor 1/y/3 m cquations (4a and 4b) 1s
ineluded so as to normalise ¥, and ¢ for mfmite separation between A and B.
Here w (1, 2) denotes the normalised gronnd state wave function of the helivm
atom with clectrons 1 and 2 around the nucleus A; this wave [unction consisty of
two parts  one due to the orhital motion of the electrons around the nucleus A
and the other due to the translatory motion of the electrons. u 4*(3) 1 the norma-
lized ground stale wave function of helium wn with the eleciron 3 around the
nucleus A and consists of two parts-——one orbital and the other translatory
Sunlarly. Vy and Vit denote ground state normabsed wave functions of He
atom and Het jon respectively with B as the nucleus  a and # arce the spin wave
functions  Tn our caleulation we shall use Hylleraas tvpe wave function for the

o
orbital part of w4 with effective charge A -= ‘[—(’5 .

ug(l, 2) = ;\: "XP{ Arg, 17,) 4+ '} exp [ —;—m { % v (rr)+ l—vzt“

vg+(3) —_-'\/—?r exp{ —21’51 +;,_ ct) } cxpl i;n ( -lﬁu. rs— Tl;m" )]
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vall, 2) = % exp{ —Avg, +rp)+ £ B} exp [ T { Loirytrg— Jon} ]

i

ugt(3) = \/—; oxp{( R ;i 6t)} uxp[ _h_ ( é v, émt)]

ry 1y ry are the respective position vectors of the three electrons with respect
to the centre of mass €' (at rest) of 4. and B. £ and e arc the binding cnergies
of normal He atom and ground state Het atom respectively

Performing the space mtegration, we may write |

1 — [Ldt . \(8)
where L = }2(AA- BB)F, +4AA-BB)F,+2(AB | BA)F,+4BA | AB)F, \\

\i{(AA— A4 - BB BB)f, 42 A4 - A4 | BE—BR,

VAR BA (BA—ABVj, 1 2BA- AB4 AB—BA)f)

where
7 -) D} 5}

F,= —[¥,V,/rdV, v, =—(:'-’( m + ’.;_4_.7; ‘TL _ rl_ )
1 K “ 11 23

' 7 . . , o/ 2 2 2 1 1

By— (9, V, g dl. lfz=—c-(,,; t k= )
1 ? 3 19 23

’ ’ y 2 2 2 1 1

By — — 0, V' dl, Vn=—eﬂ(-m— o, "‘r;"n)
1 3 2 2 2

Fy= [0, Vo dV
fi=0ndV, o= [0 dV, fy= [y dV, fy=([Vy,aV
where dots denote differentiation with respect to time,

Finally from the variational principle, by making I stationary with respeet to the
small arbitrary variations of 4 and B. we get the following dilferential equations

2F,+2F ) A+ 2Py 2 BA-ih{2( [+ 20 ) A+2(fo4- 20) B
A2 A+ 2By = 0 . (8)
2R, 2F,) A+-2(F,+2F ) B+ik(2(f, + 2f,) A4-2(1,+ 2f,) B
+(fA2f)A+H(Fik 2B =0 .. (1)
From the above two equations we obtain
(B4 Fyt 20, - 2F ) A+B) +h{(fi) fot 2+ 20N A+B)
+3 | forb 2 UNA+BY =0 . (8)
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(Fy+2F —F,—2F)(A—B)+ T f;+2fs—fo 2f ) A—B)

FHF 2y ~2f)A—B) = 0 L)

Applying the initial conditions 1.e. at ¢ =—o0, A -2 1, B — 0 we finally get by
solving the above two equations the capture probahility as

| By |2~ sm? g,

= L {® (I 2F )+ 20) (B 1-2F,)(fat-24)
mee - p= CEET AR

For the case of very low relative veloewby ol the incident 1on with respeet to the
heliwm atom we may evaluate s and ['s after neglectimg {he translatory part of
the cletron wave functions  We expeet, from the expression for the capture
probahlity resonance structure with changes of energy  The detatls ol caleula-

tions tor the capture cross-section will he pubhshed soon
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