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Abstract 

Positron-lithium inelastic scattering is studied at positron energies ranging from 0·005 
to 20 eV using the coupled static model. Two channels are open namely the elastic and 
positronium formation. The polarisation potentials of the Li atom in the first channel and 
that of the positronium atom in the second channel are taken into consideration in calculating 
the corresponding cross sections. The partial cross sections in each channel are calculated 
for eight values of the total angular momentum (0 ~.e ~ 7). In the elastic channel the total 
cross section Ull has its maximum value at the lowest energy, and decreases with an increase 
in positron energy Ki. The total positronium formation cross section has a small dip at 
0·1 eV, and maximum value at Ki = 1 ·4 eV, and then decreases smoothly with e+ energy. 
We compare our results with those of Ward et al. (1989) where positronium formation is 
ignored. The agreement in elastic cross sections improves with e+ energy, while the total 
collisional cross sections have the closest agreement at 1·0 eV. From this comparison, we 
find that positronium formation is important in the very low energy region, and the role of 
the excitation cross section increases steadily with e+ energy. 

1. Introduction 

Over the last few years the polarised orbital method (PaM) has been applied 
to study the elastic scattering of positrons by large atoms (Horbatsch et al. 
1983). McEachran et al. (1977, 1978, 1979, 1980) found that this method 
is extremely successful in the treatment of elastic scattering of positrons by 
noble gases. Drachman and Temkin (1972) noticed that the paM yields a 
considerable improvement in the static phase shifts which were always shifted 
towards the variational ones. The improvement was due to the effect of 
the polarisation potentials which play an important role in the real physical 
picture of the collision process considered. 

In this work we investigate inelastic scattering of positrons by lithium 
atoms. We assume that the elastic and rearrangement (positronium formation) 
channels are open and that all excitation channels of the target are closed. In 
particular, our aim is to study the effect of adding the polarisation potentials 
of the lithium and positronium atoms to the static potentials of the first 
and second channels, respectively, on the elastic, positronium formation and 
total collisional cross sections calculated by the restricted coupled static 
approximation. Furthermore, we compare our resulting cross sections with the 
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results of Ward et al. (1989) obtained using the close coupling approximation 
in which positronium formation is ignored. 

2. Theoretical Formalism 

The solution of the scattering problem under consideration is subject to 
the coupled integro-differential equations (Abdel-Raouf 1988b) 

-2 - 2 + KI f.e(x) = Ux f.e(x) + K 12 (0-, x) g.e(o-) do- , ( d2 .e(.e + 1)) JOO 
dx x 0 

(1) 

( d2 .e(.e + 1) ) Joo 
d0-2 - 0-2 + K~ g.e(o-) = Ucr g.e(o-) + 0 K21 (o-,x) f.e(x) dx, (2) 

where 

Li Ux = Ust(x) + Vp01(x) , 
ps 

Ucr = Ust(o-) + Vp01(0-) , (3,4) 

and where x and 0- are the position vectors of the positron and the centre 
of mass of the positronium atom respectively (see Fig. 1). The polarisation 
potentials in these equations were neglected previously (Abdel-Raouf 1988a). 
Here Ust(x) is the static potential of the first channel which is defined as 

(1) 
Ust(x) = (cPy(r) 1 Vint 1 cPy(r)}, (5) 

where cPy(r) is the wavefunction of the valence (2s) electron which has been 
chosen in the form 

cPy(r) = al e-OCIY + a2 e-OC2Y • 

We can easily show that (Walters 1973) 

lXI=2·7, lX2=O·65, a1=-O·422, a2=O·1l3. 

In equation (5), vf~~ stands for the interaction between the incident positron 
and the one-valence electron atom, i.e. 

(1) 2 2 D 
Vint = X - Ii + Vc (x) , 

where V~(x) is the direct part of the core potential given by 

D 2 , 1 2 21 Vc (x) = L (cP1S(rj) 1 _ .1 - - cPIS(ri)}, 
i=1 X r, x 

and p = x - r, where r is the position of the valence electron and rj that of 
the ith electron in the core. Taking the wavefunction cP1s(rj) = be-/3IY' , where 
Ih = 2·7 and b = (f3f;rr)t, we get 

V~(x) = -4 (~ + f31 ) e-2/3IX. 
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e+ e-

Fig. 1. Configuration space of 
e+-Li scattering. 

Core 

Substituting into (5) we obtain 

Ust(X) = 4rr{ (ai/20cf)e-2011X( ~ + OC l ) 

+{4al az/(OCI + OC 2)4}e-(0I 1+0I2)X( ~ + j (OCI + OC2) + ~ (OCI + OC2)2) 

+ (3a~/2oc~)e-2012X (~ + ~OC2 + XOC~ + ~ OC~ x2 ) } + V~(x), 

where we have used the fact that {tPv 1 tPv} = 1. 
The static potential Ust(O') of the second channel is defined by 

(2) 
Ust(O') = {tPps 1 Vint 1 tPps } 

= (tPps(p) I 1 21 1 -I 21 1 ItPps(p)} + (tPps(p) 1 ViX(1 O'-~pl)ltPps(p)}. 
O'+"'l,P O'-"'l,P 

The first term on the right-hand side of this equation vanishes because it 
consists of two parts which have the same magnitude but different signs. 
Thus. the static potential is given by 

Ust(O') = ~ S: e-p ( s:: ViX(1 0'- ~P I) dZ) p2 dp, (6) 

where 

ViX(r) = 16rrb{al e-(0I 1+Jll)Y[2 + r(ocl + Ih)]jr(oci + f3I>3 

+ a2 e-(0I2+Jll)Y[r2(oc2 + f31)2 + 4r(OC2 + f3I> + 6]/(OC2 + f3I>4}. 

Setting r = 1 0'- ~p I. we obtain V~X(I 0'- ~p I) and Z = cose, e being the angle 
between p and u. The integral in the large parentheses in (6) can be calculated 
using a Gauss quadrature formula and the integration with respect to dp can 
be evaluated using a Gauss-Laguerre expansion. 
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Table 1. Partial and total elastic cross sections (in aij) for e+-Li scattering 

Ki Partial cross section Total 
(eV) .e = 0 2 3 4 5 6 7 all 

0·005 641·34 0·08 641·42 
0·01 634·77 0·31 635·08 
0·05 591·55 3·21 597·76 
0·10 544·18 19·40 0·06 563·64 
0·20 461·61 50·83 0·71 513·15 
0·30 392·30 79·81 2·51 0·01 475·02 
0·40 335·38 103·40 5·55 0·03 444·36 
0·50 287·68 121·54 9·63 0·09 418·93 
0·60 247·86 134·94 14·40 0·20 397·39 
0·70 214·30 144·42 19·53 0·38 378·64 
0·80 186·34 150·74 24·78 0·64 0·01 362·52 
0·90 132· 52 154·56 29·94 1·00 0·01 348·03 
1·00 142·25 156·42 34·88 1·43 0·02 335·01 
1·20 110·06 155·87 43·79 2·55 0·06 312·32 
1·40 86·18 151·62 51·18 3·91 0·12 293·01 
1·60 68·23 145·28 57·03 5·43 0·21 276·18 
1·80 54·58 137·87 61·45 7·01 0·34 0·01 261·26 
2·00 44·09 130 ·03 64·63 8·57 0·50 0·02 247·83 
2·20 35·97 122·14 66·74 10·06 0·69 0·03 235·63 
2·40 29·63 114·45 67·96 11·44 0·91 0·04 224·44 
2·60 24·65 107·09 68·44 12·69 1·15 0·06 214·09 
2·80 20·72 100 ·15 68·32 13·79 1·40 0·09 204·47 
3·00 17·61 93·65 67·71 14·74 1·66 0·12 0·01 195·40 
3·20 15·14 87·60 66·70 15·54 1·92 0·15 0·01 187·05 
3·40 13·16 81·99 65·39 16·20 2 ·17 0·18 0·01 179·11 
3·60 11·59 76·81 63·83 16·72 2·42 0·22 0·02 171·61 
3·80 10·34 72·03 62·09 17 ·12 2·65 0·27 0·02 164·52 
4·00 9·34 67·62 60·20 17·40 2·87 0·31 0·02 157·79 
4·20 8·56 63·57 58·23 17·58 3·08 0·36 0·03 151·40 
4·40 7·94 59·84 56·18 17·67 3·26 0·40 0·04 145·33 
4·60 7·46 56·10 54 ·11 17·68 3·43 0·45 0·04 139· 57 
4·80 7·10 53·23 52·02 17·61 3·58 0·51 0·05 134·08 
5·00 6·83 50·31 49·94 17·48 3·71 O· 54 0·06 0·01 128·87 
6·00 6·39 38·75 40·09 16 ·18 4·12 0·75 0·10 0·01 106·38 
7·00 6·71 30·88 31·82 14·31 4·18 0·89 0·15 0·02 88·97 
8·00 7·24 25·38 25·32 12·36 4·03 0·98 0·19 0·03 75·51 
9·00 7·71 21·42 20·38 10·51 3·75 1·02 0·22 0·04 65 ·11 

10·00 8·01 18·50 16·69 9·01 3·44 1·01 0·24 0·05 56·95 
11· 785 8 ·15 14·88 12·26 6·86 2·87 0·95 0·26 0·06 46·30 
15·00 7·62 11·11 8·09 4·54 2·07 0·79 0·26 0·07 34·55 
20·00 6·36 8·09 5·39 2·95 1 ·41 0·59 0·22 0·08 25·08 

In the present work, we switch on the polarisation potentials of the lithium 
V~~I(X) and positronium Vg~I(CT) (Le. the polarisation potentials of the first and 
second channels respectively). We choose V~~I(X) in the Peach (1982) form 

Li ( ) DC { 0 (0 (YX)2) -yx} V pol X = - X4 1· - 1· + yx + -2 - e , (7) 

where DC = 0 . 19 and y = 3 . 91. The ps polarisation potential is defined by 

Vg~I(CT) = 2{3(CT) V(CT) , 



Positron-Lithium Inelastic Scattering 681 

Table Z. Partial and total positronium formation cross sections (in II~) for e+-U 
scattering 

K~ Partial cross section Total 
(eV) .e =0 1 2 3 4 5 6 7 0"12 

0·005 150·47 0·52 0·19 151·19 
0·01 106·67 0·70 0·53 107·90 
0·05 49·01 0·96 5·32 0·08 55·37 
0·10 35·62 0·70 13·16 0·41 0·01 49·86 
0·20 26·00 0·18 28·05 1·94 0·06 56·23 
0·30 21·51 0·00 38·93 4·45 0·21 0·01 65·12 
0·40 18·70 0·13 45·59 7·60 0·49 0·02 72·54 
0·50 16·71 0·49 48·98 11·06 0·90 0·05 0·05 78·19 
0·60 15·22 0·98 50·10 14·53 1·45 0·10 0·006 82·38 
0·70 14·13 1·56 49·75 17·81 2·12 0·18 0·01 85·56 
0·80 13·11 2·18 48·43 20·78 2·89 0·28 0·02 87·84 
0·90 12·34 2·82 46·67 23·36 3·73 0·40 0·036 89·37 
1·00 11·71 3·467 44·56 25·53 4·62 0·55 0·06 90·50 
1·20 10·73 4·707 40·02 28·67 6·46 0·93 O·ll 0·01 91·64 
1·40 10·01 5·83 35·56 30·43 8·23 1·39 0·19 0·02 91·68 
1·60 9·48 6·82 31·44 31·13 9·84 1·91 0·30 0·05 90·96 
1·80 9·07 7·67 27·73 31·06 1l·22 2·46 0·43 0·07 89·69 
2·00 8·76 8·36 24·43 30·45 12·34 3·01 0·58 0·14 88·03 
2·20 8·51 8·93 21·51 29·50 13·21 3·54 0·74 0·13 86·09 
2·40 8·38 9·37 18·93 28·32 13·85 4·0 0·92 0·18 83·94 
2·60 8·16 9·70 16·66 27·01 14·27 4·51 1·10 0·23 81·65 
2·80 8·04 9·02 14·66 25·64 14·52 4·98 1·28 0·29 79·27 
3·00 7·93 10·07 12·88 24·25 14·60 5·29 1·46 0·34 76·82 
3·20 7·84 10·13 11·32 22·86 14·56 5·59 1·63 0·41 74·34 
3·40 7·77 10·13 9·93 21·50 14·41 5·84 1·79 0·47 71·85 
3·60 7·70 10·07 8·70 20·19 14·18 6·04 1·93 0·53 69·36 
3·80 7·64 9·95 7·61 18·93 13·89 6·19 2·09 0·60 66·88 
4·00 7·57 9·80 6·65 17·72 13·54 6·30 2·22 0·66 64·45 
4·20 7·51 9·67 5·80 16·57 13·15 6·37 2·33 0·72 62·05 
4·40 7·45 9·37 5·04 15·48 12·73 6·40 2·43 0·78 59·69 
4·60 7·38 9·16 4·36 14·45 12·30 6·40 2·51 0·83 57·39 
4·80 7·31 8·89 3·79 13·47 11·86 6·32 2·58 0·88 55·15 
5·00 7·23 8·61 3·27 12·55 11·39 6·31 2·64 0·93 52·95 
6·00 6·72 7·16 1·50 8·73 9·15 5·77 2·77 1·11 42·95 
7·00 6·02 5·76 0·62 5·98 7·16 5·04 2·68 1·19 34·47 
8·00 5·20 4·60 0·21 4·05 5·51 4·26 2·47 1·19 27·50 
9·00 4·36 3·65 0·06 2·72 4·20 3·53 2·20 1·15 21·83 

10·00 3·58 2·90 0·01 1· 81 3·17 2·88 1·92 1·06 17·34 
1l·785 2·47 1·97 0·01 0·86 1·90 1·96 1·45 0·88 11·52 
15·00 1·29 1·06 0·06 0·21 0·74 0·95 0·82 0·57 2·73 
20·00 0·55 0·50 0·09 0·01 0·17 0·30 0·32 0·26 2·20 

where V(o-) is a potential of the form (see Abdel-Raouf 1988) 

I 

V(o-) = (!~ ) 2 [ ( U2 + 50- + 9 + ~ ) exp(-20-) _ 9[1 - ~';(-20-)] ]. (8) 

The function P(o-) is calculated as follows: let.1E = Eps-E~s (where Eps = -0·5 Ry 
is the ground state energy of the ps and E~s = -21/258 Ry is the binding 
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energy of the polarised positronium), and w = LlE/V(CT). Also, we consider the 
two functions p± such that 

P±(CT) = ~{_W±(W2 +4)h. 

The adiabatic energy of the positronium within the field of a unit positive 
charge is found to be 

E~~ = {Eps + 2P±V + E~~(P±)}/{I + (p±)2}. (9) 

The proper P(CT) for calculating V~~I(CT) is that one of P+ and P- which yields 
a minimum value for E~~. 

3. Results and Discussion 

On considering the variation of the total elastic cross section CTII (see 
Table 1) with respect to the incident energy of the positron KI, we notice that 
it has its maximum value at KI = 0·005 eV and decreases smoothly thereafter. 
While the S-wave partial CTII decreases with e+ energy until KI = 6·0 eVwhere 
it has a dip at 6· 39a6, it increases to 8· 15a6 at 11 ·785 eV and then decreases 
again with e+ energy. The higher partial elastic cross sections (.e ~ 1) each have 
a feature in common in that they increase first with e+ energy to maximum 
values and decrease thereafter. The value of KI at which each maximum occurs 
increases with the value of .e, while the maximum value itself decreases with 
.e. 

On the other hand, the variation of the total positronium formation cross 
section CTl2 with KI (see Table 2) shows that CTl2 has a small dip at 0·1 eV, 
then increases to reach a maximum value at 1·4 eV and decreases smoothly 
with an increase in e+ energy. For.e = 0, CTl2 starts with a maximum value and 
decreases with e+ energy. The higher CTl2 (.e ~ 1) show oscillatory behaviour. 
The first maximum value shifts towards higher e+ energy with an increase 
in.e. From the previously described features of partial and total elastic and 
positronium formation cross sections we conclude that various resonant states 
should show up in any positron-lithium inelastic collisions. 

Table 3. Comparison between various total cross sections (in na~) for e+ -U inelastic 
scattering 

O"t is the sum of total elastic and excitation cross sections obtained using the two-state 
approximation 

KI Present total cross section Ward et al. (1989) 
(eV) O"ll 0"12 0"11+0"12 0"11 O"t 

0·5 133·419 24·9 158·32 229 ·18 229·18 
1·0 106·69 28·822 135·51 139·3 139·3 
2·0 78·93 28·035 106·96 112·26 120·61 
3·0 62·26 24·47 86·725 79·1 127·14 
4·0 50·25 20·53 70·78 56·92 124·0 
5·0 41·04 16·86 57·90 42·81 117 ·92 

10·0 18·14 5·52 23·66 16·68 88·59 
20·0 7·99 0·70 8·69 7·52 58·35 
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In Table 3 we compare our results with those of Ward et al. (1989) where 
positronium formation was ignored and the two-state approximation (2s-2s and 
2s-2p) was employed. It is clear that the agreement in (Tu values improves 
with an increase in e+ energy. In both cases the total elastic cross section 
shows the same behaviour, decreasing with an increase in e+ energy. The best 
agreement between our total collisional cross section (Tu + (Tl2 and the total 
collisional cross section of Ward et al. (1989) (i.e. the elastic plus the 2s-2p 
excitation cross sections) occurs at K~ = 1 ·0 eV. From both sets of results, it 
is clear that while positronium formation is rather important in the very low 
energy region (see Tables 2 and 3), the role of the excitation cross section 
increases steadily with K~. Thus, we conclude that the ps channel is essential 
in any theoretical treatment of e+-Li scattering below K~ = 5 eV. Therefore, 
on the basis of our improved coupled static approximation and the two-state 
close coupling approximation of Ward et al. (1989), it is advisable to consider 
both rearrangement and excitation channels in future. 
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