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Collision between a neutral atom and a negative hydrogen ion, leading to detachment of one of the 
electrons from the negative ion and the formation of an excited hydrogen atom, is considered. It 
is shown that, in a certain approximation, this process can be considered as the expulsion of a 
strongly bound electron from the negative ion followed by adaptation of the remaining electron to 
the modified field. It follows from this idea that the energy dependence of the yield of hydrogen 
atoms in excited s-states in this process must be the same as for ionization of hydrogen atoms. 

WE shall consider the process 

H- +X-+ H +X+ e, (1) 

where X is some neutral atom, the state of which is 
not changed in the collision, and H is a hydrogen atom, 
which can, in general, be in an excited state. 

At high energies we can apply the Born approxima
tion to give an account of the process (1). The detach
ment of an electron from H- in the case when a helium 
atom plays the part of atom X was treated in the Born 
approximation by Sida[ll. We shall not write out in full 
the formula derived in[ll for the cross section, but 
shall cite only the expression for the matrix element 
will be the subject of the discussion below: 

(2) 

Here K is the difference between the momentum of H
before the collision and that of H after the collision, 
'lli'i is the wave function of H-, and Wf is the wave func
tion of the hydrogen atom +electron system. 

Sida limited the treatment to the case when the 
atom H is found to be in the ground state after the 
collision. Apart from this, he used the expression 

e-a(r 1+r2) for Wi· However, as is known[ 21 , this ex
pression is too poor an approximation to the true wave 
function of a negative hydrogen ion (it gives no bound 
state at all for H- and has an obviously incorrect 
asymptotic form). 

A much more satisfactory approximation is the 
expression proposed by Chandresekar (cfY1), 

1 
'l'1(r~, r2) =--==- {<p{r1)11 (r2) + <p{r2) I] (r1) }, (3) 

ya 

where cp and 11 are hydrogen-like wave functions 

(4) 

a, a 1 and a 2 are (in the atomic system of units) 

a= 2/j, Gt =~ J .U:J!), 02 = 0.283. (5) 

Since a 1 is close to unity, cp practically coincides with 
. the wave function of the ground state of the hydrogen 

atom. However, 0!2 « 1. It is in this sense that we 
shall speak of weakly bound and strongly bound elec
trons in H-. 

Here we shall consider the matrix element N for 
the case when the hydrogen atom is found to be excited 
after the collision and shall make use of a more accu
rate wave function Wi(r 1, r2) in the form (3). We shall 
represent the function Wf approximately in the form 

(6) 

where CfJn is the wave function of an excited state of H, 
and f is the continuous-spectrum wave function of an 
electron in the field of the atom H. 

The functions Wi and Wf should be orthogonal. 
Within the limits of the approximation (3) and (6), this 
orthogonality can be ensured by requring that 

J fr.pdr = 0, J /t]dl' = 0. (7) 

Substituting (3) and (6) into (2} and taking (7) into ac
count, we obtain N in the form of a sum of two terms: 

N =+ Jr.p,,<pdrt s je-i"'' l]dr2 + ~-s <f•n11drtJ je-iK,., rrdr2. 
l~ pa · 

Since cp is close to the wave function of the hydrogen 
atom ground state, the integral Jcpncpdr 1 is very small 
and we shall neglect this term below. Then N reduces 
to the expression: 

(8} 

The quantity 

(9) 

does not contain any of the parameters over which 
further integration of N is performed in[ 1 l. Therefore, 
in the final expression for the effective cross section, 
the quantity C~ occurs simply as a factor. 

The expression (8) for N has a simple and intuitive 
meaning. On collision of H- with atom X, the strongly 
bound electron is expelled (the integral 7'2Jcpe-iK •r2fdr 2 
is the matrix element for this process), and the weakly 
bound electron adapts to the suddenly altered field 
( c~ gives the probability of finding the hydrogen atom 
in the state n) . 

If f is approximated by a plane wave in expression 
(8} and cp by the ground state wave function of the 
hydrogen atom, the integral 7'2 J cpe-iK · r2f dr2 will be-
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come the matrix element for the process of ionization 
of a hydrogen atom 

JI +X-:+ If++ X+ P. (10) 

in the Born approximation. Denoting the cross section 
of reaction (1) by a and that of reaction (10) by a', we 
obtain an approximate relationship between a and a' 
at high electron energies: 

(11) 

It follows from this that at high energies we can expect 
that the energy dependence of the cross sections a and 
a' of the processes (1) and (10) will be the same and 
that the ratio a/a' will be equal to c~. In particular, 
for the case when an atom H is formed in the 2s-state 
after the collision, we have c~ Rj 0.5. 

We note that, if we use expression (3) for +'i. the 
only non-zero cross sections are found to be those for 
excitation of s-states. For all other states, with l ¢. 0, 
the cross section vanishes in this approximation. 

In order to obtain a non-zero cross section for ex
citation of states with l ¢. 0, it is necessary to allow 
in the wave function for correlation between the elec
trons, i.e., to introduce terms containing r12 = I r1 - r2l 
into the analytic expression for +'i· But in this case, 
the matrix element N will no longer have the form of 
a product of two integrals of the type (8) and there is, 

therefore, no relation analogous to (11) for excitation 
of p- and d-states, etc. 

In comparing the above considerations with experi
mental results, one must bear in mind the possibility 
of mixing of states with the same n and different l 
during the motion of the particles through different 
parts of the apparatus. This fact can change the rela
tive yields of atoms in different excited states. 

In conclusion I thank the authors of the experimental 
paperP1, E. P. Andreev, V. A. Ankudinov, V. M. 
Dukel'ski'l and A. L. Orbeli, who drew my attention to 
the original and interesting results they have obtained. 
The present paper is the outcome of discussion of 
these results with the authors. 
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