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New quantum numbers in collision theory. Iv. Separation of the first Born contributions
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The major contribution to forward scattering amplitudes for inelastic electron collisions, from the
first Born approximation, is separated out from the remainder in the expressions of differential cross
sections and of target orientation, for purposes of analysis. Simple results of this analysis are present-
ed for e +He collisions, as a preliminary to a more detailed analysis of the same data in a separate
paper.

The first Born approximation affords an adequate repre-
sentation of the contribution of long-range Coulomb in-
teractions to the inelastic scattering of charged particles, a
contribution that accounts for most of the total cross sec-
tion. The Born scattering amplitude Sz depends mainly
on the momentum q=p, —pb transferred from projectile
to target in the collision; it is represented simply by
S~ o:F(q)/q, where the "form factor" F (q) is the
Fourier transform of the charge density associated with
the transition between target states induced by the col-
lision. The large value of the differential cross section for
0' scattering stems from the small value of the corre-
sponding value of q;„=DE/U„where hE indicates the
energy imparted to the target and U, =p, /m the impact
velocity. '

On the other hand Sz alone would yield no contribution
to the target s orientation, which hinges on the interfer-
ence of scattering amplitude terms 90 out of phase on ac-
count of its odd parity under time reversal. Contributions

of Sz to orientation occur nevertheless from its interfer-
ence with the residual scattering amplitude

S~ —S,„„,—Sg .

Systematic sorting out of the contributions of Sz and Sz
thus emerges as a promising tool of analysis in collision
theory, a point that may not have been stressed in the
past. Note, as a preliminary to this analysis, that Sz is
conveniently evaluated by partial-wave analysis, being a
far smoother function of the scattering angle 0 than Sz is;
Sz itself is nevertheless readily expanded into its partial-
wave contributions.

The previous papers of this series have represented the
invariant scattering matrix element S„„, in the form
(Lttltt ~S(j, ) ~L&l, ). Here (l, , lb) indicate orbital quan-
tum numbers in the partial-wave analysis of the projectile
wave functions with momenta p, and pb, before and after
an inelastic collision, respectively; (L„,Lz) indicate the
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FICs. 1. Contributions of the first Born I(BB), residue I(RR),
and cross term I(BR) to the differential cross section in atomic
units ao vs 0: for process (3) at 80 eV. , total; ———,
I (BB); —- —I(BR ); —-.—,I (RR ) ~
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FIG. 2. Contributions of the cross term I(BR) and residue
I (RR ) to the orientation (L„)e. , total, ———,I(BR),
—.—,I(RR).
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corresponding angular momenta of the target; and

j, =l, —lb* ——L~ —Lz represents the angular momentum
transferred in the collision (Ref. 2, paper III). The
differential cross section for target excitation with projec-
tile deflection 0 and the expectation value (L )z of the
target's final angular momentum in the direction y par-
allel to p& &p, are bilinear functions of S„„,and of its
Hermitian conjugate S,„,.„.

Reference 2 has replaced the pair of orbital momenta
labels (l, , lb) of S,„„,and the corresponding pair (1,', 1 b) of
S,'„„, by a set of linear combinations [o,r, g, g], which

have even or odd parity under the permutation P of (l, , lb )

with (1,', lb) and under the permutation Q of (1, , 1,') with
(lb, lb). Paper III has also shown how collision cross sec-
tions and other observables are represented by linear com-
binations of matrix elements of the direct product
S,'„„,XS„„,labeled by the new quantum numbers. (The
coefficients of these matrix elements are standard algebra-
ic functions of [ o, ~, j, r) I, even or odd under the permuta-
tion P and Q.) The first Born and residual contributions
to observables are then sorted out by representing each
matrix element in the form

(S„„,XS,„„,)~,„g [(Sg——XSg )+(Sg XSR )+(SR XSs)+(SR XS~ )]~~~q

= [I(BB)+I (BR ) +I(RR )],r„,

where I(BB) stands for SgXSg, I(BR) for the pair of
cross terms, and I (RR) for S~ X SR. Note that the con-
tributions of I(BB) and I(RR) to cross sections are non-
negative but that of I(BR) is not.

We illustrate the general result (2) using the scattering
matrix SR obtained for the collision process

e+He(ls 'S)~e+He(ls2p 'P')

by a distorted-wave Born approximation to be described
in a following paper. Figure 1 presents the separate con-
tributions to the differential cross section from the terms
labeled I(BB), I(BR), and I(RR) in (2). Figure 2
presents the corresponding contributions to the orienta-
tion (L~)s, where I(BB) vanishes (as noted above) be-
cause the I(BB) terms are invariant under the permuta-
tions P and Q but their coefficients are odd under Q in the
case of orientation according to paper III, Eq. (29).

Figure 1 shows a predominance of the contributions
I (BB) at small 0 which is very striking in view of the log-
arithmic scale of ordinates. The contribution I(RR)
predominates instead at 0 & 40', where I (BB) is very

small. The cross term I (BR) is less important and is neg-
ative at 0&120'. The oscillations of I(BR) and of I(BB)
at ~ 150 are artifacts of calculation amplified by the poor
convergence of partial-wave expansions in spherical har-
monics whose sign oscillates at large angles. This artifact,
which has plagued many collision calculations, could
presumably be removed by an appropriate rearrangement
of the harmonic expansion.

Figure 2 provides an interesting analysis of the orienta-
tion into two components only: The cross term I(BR)
contributes most at 05 20', thus reflecting the large values
of Sz where Sz nearly vanishes as 0~0. Conversely
I (BR ) nearly vanishes at 0 ~ 50' where I (RR ) predom-
inates.
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~See, e.g. , Chap. 3 of U. Fano and A. R. P. Rau, Atomic Col-
lisions and Spectra (Academic, New York, 1986).
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