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ABSTRACT Born’s approxmmation 18 used to caleulato tho cross-sections of the
following procossos :

H~(1s2)+ H(Ls) = H~(1s%)+ H(2s, 2p, 35) !

which are compared with tho simulur excibntion processes
HY4-H(1s) = Ht-- H(2s, 2p, 3:)
and H(1s)+ H(1s)— H(1s)+ H (29, 2p. 3s)

mvestigatod by Bates, et «f 11 1s [ound thuat the cross soction curves for excitation of
hydrogon atom by liydrogen negativo 10m1s charactorised by two maxima, somewhat similar
to thuso observed by Mowserwilch and Stowart m excitation of hehmm by hydrogen. Results
ure presonted mamly 1n graplucal form

INTRODUCTION

The negative hydrogen ion 1n the photosphere of the sun has long been re-
cognised as responsible for its continuous opacity m the visible spectrum.  Re-
cently Weinman and co-workers (Wemman-1955) have produced negative hydrogen
ion by passmg positive hydrogen ion from a magnetic ion source through a capl-
lary tube contaming hydrogen. Muschlilz-Bailey group at Unwversity of Florida
(1955) have measured scattering cross scetion of low energy negative hydrogen
jon in hydrogen and helium respectively using method of Smmon and co-
workers (Simon, 1943). Tn recent years detailed theoretical study of fast collision
processes involving hydrogen and helium atoms and positive ions have been car-
ned out by Bates and hus group (1953) usmg Born's approximation. Consi-
derable interest is attached to the study of the comparable processes involving
H-. The present paper is devoled to the mvestigation of collision of H- and
hydrogen atom, where the hydrogen atom is exeited to various higher states from
the initial ground state by the process. Born’s approximation is used, no aceount
is taken of exchange, though the range of valdity of Born’s approximation in
present type of problem is still uncertain.
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Problems of similar nature as
H++H(18)>H*+4+H(28, 2P, 38)
H(18)+H(18)— H(18)+H(28, 2P, 28)
have been studied by Bates, el al.

THEORY

We consider collision of a hydrogen atom and a negative hydrogen iom,
both particles being initially in their ground states. TIgnoring the effeet of the
oxchange 1dontity of the protons and making nse of the Born’s approximation
the cross-section of the process for which the hydrogen atom is excited to tho
state characterised by the quantum nwmber nl, (the negative jon remaimng at
the ground state) is given by
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where ‘%' is Planck’s constant, ‘M’ is the reduced mass of the system and
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¥7; and V; are the initial and tho final velocities of the relative motion, and
N = [~ Hysul, )gH(1s%; 1y, 1)
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where R is the relative position vector of the nuclei of the two atoms, ﬁ the
position vector of the electron of the hydrogen atom relative to the proton, y's
are the wave funclion of the hydrogen atom in the state indicated, and 7, 7y
are ‘the position vectors of the electrons in the negative hydrogen ion relative
to the proton; & being the wave function of the hydrogen ion :
o® [ }
=_—-. exp {—- (r+r
¢ =g oxp [~ (tr
with o = 0.688.

It can be seen that in the integral for ‘N’ I_Ilﬂ ! and —1_ donot
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contribute due to the orthogonality of hydrogen atom wave functions. There-
foro we got after integrating

N LN RURE AT T SR
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where t = Ka,.
From (1) and (2) we have

’ t,
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Q= (‘ﬁc_ ) ]‘t [1 [(Za)""—}—'tz]"] Toyat=>.dt o B
whero Ly = [xu*(P)e 1aulp)dp. \
Now \

lmaz = Qg Koo = au(Ki+K!)
tmin = g Kpyin = a(K;—Kjy)

As is usual in the treatment of heavy particle collisions, it is sufficient to take
tmaz 88 infinite (Bales ef. al. 1953) and if AE is the difference in energy between
the two states for a particular oxcitation processes then
a,AF [1 AR }
vy 2 M

tin = WK min =

2.2. Tor discrete transitions J,;’s can be calculaled from (4) by elementary
methods. They have been tabulated by Bates and Griffiing. We quote their
value; :

917/2 42
§—28) = = __ "
I(1s—2s) @Eoy
. _ 216/2 . 3¢
I(1s—2p) = @I
I(1s—3s) = 21 372 (27624 16)¢*

(9224 16)
On substituting them in (3) one can obtain analytical expressions for cross-sec-
tions. But they are in gencral cumbersome and are very tedious to cvaluate.
It is much easier to evaluate the integrals numerically, which is actually done
in this paper.

2.3. It can be seen from the expression (3)
that if

2.16.a4
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then the expression for the cross-section becomes

4cz 9me \2 ¢ limaz )
Q(ls—nl) = = ( ;77: ) I I(ls—nl)? - t=3 - dt

Tinin

which is the same as that of the exeitation of hydrogen atom hy proton. Thus
the sercening of the negative hydrogen ion has no cffect on scattermg if the m(,ul(,nt
cnergy 18 below certamn value. 1f we take as first approximation

P (Y
"‘l" ;i‘v{

it follows that Lor (Ls—2s and (ls— 2s) transitions the hydrogen atom-hydrogon
negative ion cross-section will differ from hydrogen atom-hydrogen positive
ion (proton) cross-section provided incident energy is greater than 500 ov.

RRBSULTS

The cross-sections associated with the processes mentioned in the mtroduc-
tion arc computed from tho formula developed. Figures 1 to 3 show the vahies
obtained. It should be noted that a log-log scale is used, and that the independent,
variable chosen 18 not K, the energy of relative motion, but the energy of the
incident particle, the atom undergoing transition being taken to be at rest For
comparison the cross-sections ol proton-hydrogen atom and hydrogen-hydrogen
atom as calculated by Bates and Griffiing are also plotted in the same figures.

On comparing the cross-scction curve of (H—H-) with corresponding curves
for (p-H) and (H-H) respectively 1t will be observed that at low encrgy the cross-
sections of (H-H-) impact lie close to but above the cross-section of the lattor
processes. When cnergy is sufficiently low the (H-H~) cross-scction almost
coincides with that of (p-H) impact. This is in confornuty with the trend ob-
served in (p-H) and (H-H) impact.

The curve for (H—H-) is characterised by two maxima, somewhat similar
to the double peaks observed by Moiseiwtsch and Stewart (1954) in collision
between hydrogen and heliun atoms. Moiseiwtsch attributed the phenomena
to double transition. Essentially the same shapo of ¢urve has been obtained
by Batcs and Griffing who however remark that if a betler approximation
method is used in the lower part of thc energy region, the first muximum
may be partially suppressed and the true curve may concetvably show a single
broad maxima.

For (Ls—2s) and (1s—3s) excitation tho maximum cross-section is below that
of the corresponding (H—H) creg-section and is shifted to considerable lower
energy. But for (ls—2p) transition the maxumum cross-section is in between
that of (H—H) and (p—H) cross-section and is at higher energy.
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WHt-H(1s)>H*++H(26)
..H(18) +H(1s)—>H(1s)+H(2s)
F—(182) +-H(1s)>H~(182) 4-H(2s)

}Babes & Griffing
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Log Energy (in kev)
Tig. 2
............ Ht |-H(1s)->H*+H(2p)
—o——o—H(ls)+H(15)—+H(ls)+H(2p) } Bates & Gniffing

H—(1s*) | H(1s}>H~(1s2) - H(2p)
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............ H++H(1s)—>Ht+H(3s)

—o0—0—H(ls)+ H(1s)—>1I(1s)+ H(3s)
—— ——H-(1s?)+4-H(1s)>H~(1s%)4- H(3s)

} Bates & Griffing
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At higher energy the curve for (15—2s) and (1s—3s) transitions almost coin-
sides with that of the (H--H) curves for the corresponding transitions, while the
curve dor (1s- -2p) transition lies above (H—H) curve and has a tendency 1o coin-
cde (with (p-H) eurve from helow

Unfortunately no experument. is done m the cnergy region of this caleulation.
Only available data are due to K. B, Muschltz who measured the scaticring
cross-section of A= hydrogen and helmm m the energy range 4 ev. to 300 ev.
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