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The partially peaked impulse approximation is used to get numerical results
for angular distributions and total cross sections in the process P+H = H + P
at energies 2-5 MeV. In these calculations we include terms up to the first or-
<:!elr in the expansion of the derivative of the Fourier transform of the poten-
tial.
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Introduction

During the past years the high energy charge transfer has received much atten-
tion'®. The different mechanism for the capture of a light particle from a bare
heavy nucleus by another bare heavy nucleus which is incident with a very
high relative velocity are discussed by Shakeshaft and Spruch’. Thomas® sug-
gested a mechanism called the double collision mechanism to describe capture
processes at high impact velocities. Such a mechanism predicts a peak at a cri-
tical angle in the differential capture cross section. Thercfore. we expect from
the theories to produce this peak, alternatively the peak itself stands as a test
for the approximations used in these theories.

By imposing further approximations®” on the strong potential Born (SPB’
approximation several higher order theories can be obtained. For example, we
get the impulse approximation (IA) by neglecting the off-shell factors in terms
describing the SPB approximation.

Using the Coulomb rather than the free Green’s function, Macek and co-
workers'+!® derived the capture amplitude, in the frame of the SPB approxima-
tion, to describe systems asymmetric in Z; and Z,. which are the target and
projectile nuclear charges, respectively. In their work, they reduced the three-
dimensional integral to a one-dimensional with the aid of a peaking approxi-
mation, restricting their numerical calculation to 1s—ns capturc process.
More development employing the transverse peaking (TP) approximation en-
countered by Alston!! by neglecting the perpendicular component of the mo-
mentum attached to the electronic wave function allowing for the 1A amplitudc
to be determined analytically.

In the framework of approximate capture amplitude'*. Macek and Dong'
obtained close analytic forms for *1s— 15" capture amplitudes using the fully
and partially peaked IA and the peaked SPB approximation. Following the
work of Macek and Dong'?, Nagy er al'* derived a close analytic form for the
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capture amplitudes of the process 1s— nlm, in proton hydrogen-like atom col-
lisions. In these expressions they employed the partially peaked impulse ap-
proximation (PPIA) and retain terms up to the first order in the expansion of
the derivative of the Fourier transform of the potential.

Calculations
The 1A amplitude for the process.
P+ H(1s)—~ H (nlm)+ P (D)
is given by'"
1A=<2”)3/2J’d3p¢7f‘( *p_)M(ﬁ), o (2)
where
M(p)=V,(K=p)M(p), .. (3)
) 22 "2 O i
M’<p)=<—[ 17} vy )=D7 ' N .. (4)
T afu il‘=z7
vivy)=exp (v, 2)T(1—ivy),
D=u*+J?
and

N=(u—ijv+ P} + (K~ Py,

K and J are the well-known momentum transfer vectors!' satisfying the rela-
tion

K+J+v=0,

v,{=Z,/v+ p|) is the Sommerfeld parameter, and ¢/p) is the Fourier trans-
form of the final electronic wave function,

@ip)=(2n) V[ d*Fexp(—ip*7) g{F) ... (5)
We get the PPIA amplitude by using the approximation

M(p)= V,(KM"(p),

where M"(p)is given from eq. (3) by introducing

N=N=(u—ivP+K?+2p-J. ... (6)

In this work we include the first order term!* in the expansion of the mo-
mentum space potential,

(K-p)"2=K-*+(2p-K)/k*
to give

Mip) = [1+2i K} 7,(K) M'(5) ()
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In this approximation the amplitude look like (for details of the calcu-
lations see ref. 14)

Appia= Co(A) + A,) L (8)
where
. —(’128-7[]:(2027,)5'3 (n+ 1)1 2 (4v2 K™
Gy = = (1) 3 ;
n 21+ 1)! (n—1-1)! k
Xy(v)(2x)(B—ix) ", 9]
(L= iv)C(+ivy) (14 iv)C(I+1+iv,) .
A= ’ F | Y, -
: k'r(i'yT) 0 (B_ lx)I‘(l + l"V-,-) ! Im (J) (10)
and

[[(—H’l“I'VT)H/*'Q(:](B"'X)F1

(1—iv)r{I-1+1iv,)
A= — Fy
kK*Tliv,)J
o (1+iv)T(i+ivy) .
+B(1_1+'Vr,)H/F()]“ kzl"(71+iv7)]7 (—1—ivy)H,+ Q)]
+ﬂﬁ$ﬂHﬂ} )
B—ix
and where

B=Z,:— v =2iZv; x=2JZ,/n;

F=,F(—n+l+1,[1+ive+j, 21+ 2; X);
NETI o

 x+iB’ o

and

0,=-QF+D7Y Yo 5 ) KrI-1m', 1q]1,).

In this (/,m,, I, m,|Im) is the standard Glebsch-Gordan coefficient, and K 4
represents the spherical tensor components of K.

Expression(8), for the amplitude, is normalized in such a way that its mod-
ulus square gives the differential capture cross-section. The total capture cross-
section is computed using a standard formula, see eq. (13) of ref. 12.

Results and Discussion

Fig. 1 shows the calculated differential capture cross-section at 2.8 and 5 MeV,
summed over all possible capture channels up to »=3. Some measurements
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Fig. 1 Differential capture cross sections in proton-hydrogen collision at 2.8 and 5 MeV impact
energy, 000, @@ @ are measurements from ref. 2 at 2.8 and 5 MeV respectively
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are presented for comparison. The differential capture cross section shows a
peak at 6 =0 arising from both single and double scattering, a dip arising from
interference between single and double scattering and another peak arising
from Thomas double scattering. Near the Thomas peak our results underes-
timate the cross section and do not describe the structure near 0.4 mrad. This
underestimation has been noted previously but only in comparison with 1s—1s
capture including the zero order in an expansion of the Fourier transform of
the potential'®. Our results include the dominant higher n/m final states. and
terms up to the first order in an expansion of the potential, but the peak values
still lies below theory. We conclude that the discrepancy most likely indicates
that the experimental error bars in the peak region should be larger. With larg-
er error bars there should be no discrepancy over the entire angular range.

In Table I, calculated total capture cross section summed over all possible
capture channels up to n=3 are given. At asymptotically high velocities the
SPB cross sections are known*® to have a velocity dependence of v™'' as
compared to the v~ '* dependence of the BK cross sections. Putting this in our
account and the fact that BK and SPB cross sections are calculated for only
1s — 1s capture channel, we find that our results are agreeable with their calcul-
ations.

Table 1

Total cross in proton-hydrogen collision
[BK refers to Brinkman-Kramers cross section given by 2™ (2 ,Z, 7 31", SPB refers to the strong
potential Born cross section. BK and SPB cross sections are calculated for 1s — 1s capture process.
The numbers in parentheses is the power of 10 multiplying the corresponding table entry]

Impact energy Total cross section
MeV au
20 2037}
22 1.160-7}
2.4 695~ 8
26 4351 - 8;
28 2818
3.0 1.87 (-8
3.2 1.28(—8)
34 898(-9)
3.6 642¢(-9!
3.8 167(-9)
4.0 346(—9)
42 2.59(-9
14 1.97(-9)
4.6 1.52(-9
4.8 1.18(=9)

5.0 9.32(= 10}, 7.38 (— 10)¥K, 3.09 (= 1OjPH
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