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Separable potentials and Coulomb interactions

D. HUSAIN
Department of Mathematics, Dacca University, Dacca-2, Pakistan
MS. received 7Tth April 1970

Abstract. The scattering of two charged particles by a separable nonlocal
potential and a repulsive Coulomb potential has been studied. Exact expressions
have been derived for the scattering amplitude and an equivalent local potential.

Recently Cassola and Koshel (1968), Moiseiwitsch (1969) and Husain and Ali
(1970) have studied the scattering of two uncharged particles by a separable, nonlocal
potential. In this communication we will derive an exact expression for the scattering
amplitude and an expression for an equivalent local potential for the scattering of two
charged particles by a separable nonlocal potential.

The Schrodinger equation describing the motion of two charged particles via a
nonlocal potential and a repulsive Coulomb potential is

(dz e D) %:f—k)m(r) _ f: Kifr, r e’y dr” 1)

dr? 72

where k%2 = 2mE/h? n = 2mZe®[h%k, m is the reduced mass, Ze and e are the charges
of the particles
If the potential K (#, r’) is separable

Ki(r, 7') = Agi(r) g.(r”") 2)

in that case the solution of equation (1) is

wlo) = Fr)+ 2 | Gy(r,r') ) &' ©

where

f: Fy(r) q(r) dr

a = pea—— (4)
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F\(r) and G(r) are the regular and irregular solutions of the equation (Goldberger
and Watson 1964)
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such that, as r — o0,
F(r) »sin(kr —lm —n In 2kv + o))
Gy(r) — cos(kr —§lm —n In 2kr + o)) (7)
o, = arg I'(I+1+in).

From the asymptotic form of equation (3) it is found that the Coulomb-corrected
‘nuclear’ phase shift is given by

N F9a(r) d)

tan 81 = - - . (8)
k oo} oo
1= [ 600 & o
0 Q

The above expression is similar to that derived by Harrington (1965).

We will now derive an expression from the equivalent local potential for scattering
of two charged particles by a separable, nonlocal potential.

Fiedeldey (1967) has shown that an equivalent local potential U (#) may be written

as
f'(r) f'(r)
U@ = - 2 Ky(r, v Y/ (n)vi(r (Y (7)) dr! 9
0= -Ts (m)) 0 f Mo () = e Yo (Db e (9)
where

d
5 VIO = w" 0)wilr) = ()" (7) (10)
fHr)—>1 as r—o,

py(r) and »(7) are the regular and irregular solutions of equation (1) such that, as
r - o0,

(i) = p(r)w(r) > 1. (11)
In the case of a separable, nonlocal potential (equation (2)) we find that
Aac, 1
v(r) = m#z( )= kb, wy(r) (12)
wir) = G+ b f Gilr,r") ) &' (13)
[ ataeme
(14)
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O = (k=20 [ Piratryar e | Gieatrar) (16)
an ’
L _GOFO) (R0 NMaG/ ) =bF 0a) -
b= =20 70 +3(fz<r>) BT TS I e ()



216 D. Husain

From equations (4), (14) and (16) it is clear that, as » — 0, f(r) — 1, that is, the
actual wavefunction and the wavefunction corresponding to the local potential
coincide at the origin.
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