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A NOTE ON A RELATIVISTIC FORMULAE FOR
IONIZATION BY PROTON IMPACT
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We consider the collision of a proton with a hydrogen like atom, in which

process the electron become ionized. (We noglect the translatory motion of the
nucleus).

Let @, ¢ denote the proton and eloctron ficld operators. Thon the initial
bound state wave function is dofined as (Roy, 1960 a).

w. = <0|¢,°1’(x)|1ﬁ1> .e (l)
where o> = [ 2 dohg,Biar+(i) | 0> L@
8=1

the bound state vector for the single electron. a®+(k) is the usual notation for
creation operator ¢f an electron, and 4 for proton. Also we have

¥,2@) = [ Eapputerrdp )
im1
u,t is the Dirac Spinor. Now (1), (2), (3) give :
Wile) = £ by, b, Btk . @)
Let V,(k) = [ ¥, (x)e***d%. denote the

Fourier transform of bound state wave function; then (4) gives
4
Voll) =2 uy'glk) . )
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which is the equation determining the four-vector g,(k). It is interosting to note
that we need not determine g’s explicitly, but can use equation (5) to convort them
in torms of V(k), which are determinod easily.

The matrix eloment of the process is given by :

My = <ty | 89 > ®
whoro > = [ £ @kgkyersi) a4 0>
8=1
| ¥r> = A*(Pp)at(gy) | 0> o)

82 = & [ [ PUBE WaAul 100 NF )y, A oo e’
(6) with tho help of (7) gives

M - D. ”(Pf)'}'”v(Pt)“(qj)YvV(p) 3(6}-6;+E —W) (8)
(P - -Py)?

with p = Py—Ps+q;, D contains some constant factors. In non-rolativistie
limits (8) becomes

My = Prual Pr—P +qr) _ I j TP R’ . eMpr—pi).B rr  drdR (9)

which is the usual Born approximation (Mott and Masseyv 1949). For the 1s stato
tho solution of Dirac’s equation is (Akheiezer and Borettross Keii; 1953) :

U(r) = Ny(1+4ik,y,y.7)u(0)e™"; i = ¥#/r
V(p) = N(Jy+ikyye¥.-5J;)u(0) .. (10)

where J, = j'e""’ei;"vf Jy=Jy/n and k, =} az. From (8) we seo Z| My|?
proportional to

(7’733,") . 8(eg—es+Ep—W) (11)
whore A stands for:
TAA Py A (Poyy" 1THA+(g)@A—(0)Q] (12)
and @ = YulJi+iky % 7.5 Jo)
Now the differential cross-section for the process is givon by :
do = 2mppX | My | %[v. (13)
where (Roy, 1960b)
pr = 1_:!213{:_ . dga0pd0 (14)
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when (8), (11), (12) are uscd in (13) the expression for the differential cross section
boils down to:

. et dS] fd qr €4 A — €+ —W 5
do =: ——(;5. -(-4)1 --:.(———h__ f)'l.a(ef € Ef ) . (lv))
where :
A e l J ZA -_— ] A J2 (1)
= M | A 22] - 6)

A, = [2(Py. P)ym~+4(Py.Py— M2)m~-2(Pygs)(Ps)o+2(Pi.gp) X
X (Pg)o—2(Py-Py)gs)o—2(as)o(Ps- Py— M?)]
Ay = o®p*[2(P;)o(Py.q5) +2(Py)o(Ls-q7) —2(gg)o X
(P1.Py— M2)—2(Py.Py)(qy),]

8my
— s Jo = o
1 (pz I ”2)2 2 l/"]

where (g) represents tho zorooth componont of the four-vactor g. The formula
for cross-section contains two terms A4, and 4,, of which the latter is proportional
to For the physically interosting situation wo may neglect 2nd part and the
formula (15) then gives.

dr — S e dPudq Ser+E—E)
ma®  mPy  (Py-Pp)t {22ad(Pr—Pit-qp)%t
P.P, _P,.g _P.g
(e BR R LB

(€1, Py) boing onorgy momontum of tho incoming proton. Formula (17) is easily
seen to be reduced to that of tho usual Born approximation results in non-relati-
vistic limit.

Author is grateful to Dr. T. C. Ray of Physics Dopartment for suggesting
the problem and helping to solve it. He also wisher to thank the Government of
India for a C.S.LR. followship.
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