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The effects of long range potentials on the threshold behavior of 

elastic scattering cross sections were studied some time ago, princirally 

1 2 
by O'Malley, Spruch and Rosenburg  and by Levy and Keller.   However, 

there has been little analysis of the elfects of such potentials on inelastic 

collisions.  The purpose of this paper is to extend the analysis of Levy 

2 
and Koller to Inelastic scattering, and to relate the results to recent 

experiments Involving alkali atoms.  One particular feature that we will 

examine is tht appearance of Wigner cusps at excitation thresholds.  Our 

analysis  ill be applicable to any atom except hyc'rogen, for ^hirh special 

problems ari8^., due to the Jl-degeneracy.  These special problems have been 

studied by Gailitis and Damburg" and clners. 

2 
The analysis of Levy and KeKer  Is based on the variable phase 

method, which has been extended to multi-channel problems by several 

authors 
4,5 

For each channel a, the associated single-particle function 

<}> g(r)  is written 

*aß(r) " w0a(r)6a6 + wla(r)taß(r)  ' (1) 

The index ß denotes the incident channel; w- (r) and w. (r)  are independent 

functions which have the asymptotic form appropriate for the channel a. 

If there is no unscreened Coulomb interaction in the asyrptotic region, theco 

can be expressed in term of spherical Bessel functions.  For open channels 

^e take 

W0«(r) * VrJ* <kar)  ' (2) 
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w (D =- - ka m^ (kar) .. (3) 

The scattering information is contained in the matrix 'taß(r). The limit 

of t (r) as r - », is the reactance matrix, K R, whose eigenvalues are 

are the tangents of the eigenphases. 

By substitution in the SchrBdinger equation we obtain an integral 

4 
equation for tag(r), of the form 

r 

uM - -2/ ? ? (VoY(r,) + v^v^'W1'» 

^'^B^V^^'  • (A). 

where V .(r)  is the interaction potential, expressed in iiatrlx form. 

The K-.^trlx Born Approximation can be obtained by neglecting the terms 

involving t(r')  on the RHS of Eq. (4).  Substituting for w^Cr), we 

obtain 

KaB " taß W = " kaV / Wa8<r)^ <kar)Jlß
(kSr)r2dr 

0 

(5) 

As shown for single channel scattering by Levy and Keller/ the dominant 

term in the threshold behavior is given bv Eq. (5). 

Let us suppose that we hi re  one or more old channels labelled a, 

B, ..., and one or more new cl nnels labelled p, q,    We will assume 

that the new channels share a common threshold so that k = ^p» an^ 

1 ;'( to determine the dependence of the elements of the reactance matrix 

■•MI ._^»—„^B 
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upon    k   .     Le t  us  first consider    K „    which corresponds  to elastic  scattering 
pq 

in the new channels.  For any short range interaction the integral is 

dominated, as k  > 0, by small r and we find 

pq    P 
P ^   M 2V  (r)r P q dr + O(k^) 

J   pq P 
0 

(6) 

-s 
However, if the interaction contains a long range component, say Cr  , 

this leads to a contribution of the lorm 

pq 
(7) 

If s < (Ä. + A- + 3)i this integral is well defined and gives 

pq 
-TTC , 8-2 
 r k 

ll   +«. -8+3 \ 

r(s-i)r(P \      ] 
r« +s+i\ yl -^+8\ 71 -n +s\ 7 

(8). 

Since, given the inequality above, (8-2) < (ilp + Äq + 1), thin term is 

dominant for small k. Thus we confirm the conclusion of Levy and Keller 

that the threshold behavior of the matrix elements Kpq can be changed 

by the presence of long range forces.  If, i.jwever, s > (I + ^ + 3) the 

potential must be modified at small r, and the dominant term remains 

i +«, +1 
k P q , since the Integral is made finite by the short range behavior of 

the potential. 

Let us next consider the term K , corresponding to Inelastic 

scattering. For any short range interaction we obtain a result olmilar to 

^^^.^MaMM. 









Inelastic  scatter IHR are  considerably  greater  than the  3P and    D  contribu- 

tions.     The  presence of  the  lp resonance enhances  the effect of  the  cusp 

in that  channel,  and  the maximum value  of   the    P partial  cross  section occurs 

at  the  threshold energy.     The  ^D resonance  causes  the    D partial  cross 

section also  to peak at  an ener»/ very  close  to the  threshold. 

The  existence of  these resonances  was  previously noted by  Burke  and 

Taylor.15    These authors also  Kludied  the  sum of  the  scattering eigen- 

phases,  and  found a discontinuity of  slope at the threshold energy  in each 

partial wave.    We have  confirmed this   feature and  find that  for  s-wves 

and d-waves this discontinuity is consistent with a smooth variation of 

the elastic scattering partial cross  section. 

Observations of cusps in e-Na differential scattering cross  sections 

have been reported by Andrick et al.       and by Geheru and Reichert. 

The structure observed by Andrick et^ al.       is weak near 60°, and strong 

near 90°.     However,  the threshold cusps should vanish at 90°,  since they 

are confined to incident p-waves.     Since the qualitative features of e-Li 

11 1A 
scattering and e-Na scattering are very similar    *      it seems plausible 

that the observed structure is due predominantly to a    D resonance of Na  . 

For many scattering angles the p-wave  cusps should be masked by the    D 

resonance.     However,  the  fact  that  there  is no observed structure near 

60° must  still be explained. 

The effects of the cusps may be more easily observed in photodetach- 

ment  of   the  alkali negative  ions,   since  the  final  state must have     P 

18 
symmetry.     From the calculations of Moores and Norcross       iL  is  clear 

that   the  detachment  cross sei lion peaks very close  to the  threshold 

mmmmu I—MI 
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energy for the production of excited neutral atoms.    Using Na" and K*, 

19 Patterson et al.       have observed such peaks and from their observations 

have derived accurate values for the electron affinities of these alkalis. 
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Figure 1. Partial wave contributions to the elastic scattering cross section in 
electron collisions with lithium atoms at energies close to the excitation threshold, 
Eth, which is calculated to be 1.8411 eV. 
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