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INELASTIC COLLISIONS OF POSITRONS WITH OME-VALENCE-ELECTRON TARGETS
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ABSTRACT

The total
formation
inelastic
trons and

elastic and positronium
cross sections of the
collisions between posi-
various one-valence-
electron atoms, (namely hydrogen,
lithium, sodium, potassium and
rubidium), and one-valence-elect-
ron ions, (namely hydrogen-like,
lithium-like and alkaline-earth
positive ions) are determined
using an elaborate modified coupl-
ed-static approximation. Special
attention is devoted to the behav-
ior of the Ps cross sections at
the energy regions lying above the
Ps formation thresholds.

The interest of many authors in the
collisions of positrons with one-
valence-electron targets has been
enormously increased in the last
couple of years. In case of atomic
targets (e.g. lithium, sodium, and
potassium), various investigations
have been carried out in order to
calculate the elatsic and excita-
tion cross sections under the as-
sumption that the positronium for-
mation channel, (which is open even
at zero incident energy), has ir-
relevant contribution to the total
inelastic cross sections. Particu-
larly, the very recent results of
Ward et al {1}, (for a review, see
the references therein), have em-
phasized this argument at energles
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above 10 eV in comparison with the
careful experimental results of the
Detroit Group {2}.

For atomic targets (e.g. H, Li, Na,
K and Rb) as well as ionic targets
(e.g. hydrogen-like, lithium-like
and alkaline-earth positive ions),
the author has determined total
elastic and positronium formation
cross sections on a unified basis
by virtue of a coupled-static for-
malism which allows for the switch-
ing on of the positronium polarisa-
tion potentials. He also employed

a restricted coupled-static tech-
nique (with symmetrical reactance
matrices) for the treatment of the
positron collisions with alkali
atoms and alkaline-earth positive
ions. Tables 1 and 2 contaln the
results of this treatment, It is
obvious that the role of the Ps
channel increases with the size of
the target and that interesting be-
haviors (resonances) show up in
most cross sections of the problems
considered. In table 3 we find the
values of the elastic cross sections
of the collisions of positrons with
hydrogenlike ions determined at
energies below the Ps threshold of
e”- H scattering. Figs. 1 and 2 show
the variation of the total elastic
and Ps formation cross sections with
a parameter § relateg to the inci-
dent energy(kl) by k 13.6 (VEP§ET
+8)° eV, From the first figure we
realize that the elastic cross sec-
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ble 1

Total cross sections {in ag) of the inelastic collislons of positrons with alkall

atoms calculated by the restricted coupled-static approximation.

ki (ev) ot et- Na et- Kk et- mb
%1 %12 91 %12 %11 %12 1 %12

0.1 941,469 148,392 645,270 77.975 719,179 217.267 1£12.455 1475.514
0.3 801.315 91.865 655.901 45,666 320,254 221.573  7849.010 3961,333
0.5 738,768 75.972 704,790 26.'423' 455,333 297.4869 6953.694¢ 1614,430
0.7 680,242 83,902 710.515 100.675 4204,.943 124.410 4599,199 1087, 248
0.9 645,286 88,222 964,165 460.303 622.312 102.141 4072.006 1165,076
1.0 636.696 90.263 691.374 89.349 2482.024 367.222  .2522.331 1153.929
3.0 369,131 74,413 458,965 61,487 599,794 176.554  1316.109 52.054
5.0 230,472 58.970 258,300 47,046 399,824 109.816 437.963 60,365
7.0 152.337 47,781 144,570 51,064 253,556 102,289 269.108 77.717
9.0 103,806  32.341 107.874 58,372 189,309 115.816 313,231 75.563
10.0 85,049 25.222 55.260 59.528  129.054 100.086 282.181 122.521
2000 27.835 3.558 4,402 4.833 32.591 36.379 76.223 39.655
30.0 17,929 1.080 2,198 1.459 12,713 8.080 129.875  4.456
46.0 13,760 0.426 2,048 0.578 11,357 0.624 43.668  14.385
50.0 11.362 0.191 1,818 0.253 10,137 0.249  43.061 13,132

Tavle ¢

Total crass sscetions {in n:) of the inslastic scattering of

poslrrons by the alkalinm-sarth positive lons deterained by

the crestrloted ccuplad-statlo ipproalsation. * denotes the

swltching on of the Ps palariszatish potent{als to the second chaanel.

2

k] {ev)

2" Ba” scattering

2 «'- Hg® scattering
ux(-v)

1
%11 %12 %12 %11 %12 %12
L1.5 © )s9.68¢  0.209 L7301 8,0 449.70) 3,081 L.929
12.0  339.91a  3.593  &.72) 4.5 260,996 5,810  30.170
12,5 69,797 2,817  11.907 9.0 3aS.éil 11,378 58.770
13,0 352,298 8.7I2  16.387 8.3 120,991 19.072 70,328
13,9 154.200  €.577  19.2)1 10,0 223.587 26,777 2,952
14,0 354,003 8,408 19.%¢9 10.3 231,530 16,087 43,223
18,5 1§3.272 10,780 19.79§ 11,0 235,333  40.401 $9.710
15,0 3N Av% 12.84%  20.425 11.3 810,383 56,903 52,387
15,5 154,390 18,911 20.175 12.0 349,943 26,490 53,320
16.0  1%a,508  16.887  21.825 12.8 19,207 56.412 68,498
16,5 352,991  18.46%  22.187 13,0 3a%.lé} 53,087 48.120
17,0 330.838 20,266 22.166 13,35 140.952 56.49) 45,922
17,35 187,780  21.531  21.8507{a.D 378,778 58,397 41,702
18,0 388,378 22.368  21.)66 1a.S8 375,177 58.40% 1,08
18.5 182,908 22,732 20,754 13,0 370.871  58.082 38,170
20,0 331,081 21.716  18.2)% 20.0 130%.70% 36,300 15,966
30.0 271,310 7. éA%  3.1%% )0.0 244,952 Wi 2.252
30.0 233,181 2,15% 1,313 80,0 248,220  0.790 0,658
o - Ca® scattering »*. 32 scattering
5.0 262,036 26.331 139,151 4.0 S5A.084 18,908  136.721
$05 553.236 60,098 8).408 6.5 898,376 43.70%  §3.T¢
6.0 127,532 82,120 69.620 5.0 1076.28%  ag.218  99.28)
£.5  AB9.01A  98.0Z%  8).999% 3.8 9aG.AML  5.59F  197.2)
7.0 212.0397N28.4N8  99.102 6.0 6A2.28% 19,030 208,143
708 5280483 (10739 122,038 4.5 528,337 166.303  116.)87
5.0 SI6.023 138.860 107.796 7.0 68A.884 136,062  206.02)
8.3 195.00% 117.036 151.287 7.5 3¢9.897 I19.48L 109.486
9.0 S06.%16 118.063 127.98% 8.0 428,380 1J7.182 111.962
9.8 $78.%4& I32.536 11,192 8.3 461,77 140.0%6 71,996
10.0 108,080 153,003 112,717 9.0 310.432  98.997 110,089
10,5 500.37A 99,139 7. 7T 9.5 525.436  B2.67%  48.49%%
11,0 376,88 111,713 '166.33¥ 10.0 535.182 68,910 108,221
11,8 a72.790 S0.83F 86,391 10.3 $69.778  61.307 18,790
- £0.0  I25.68 I3.AE3 19,897 L1.0 SI9.9AL  110.756  49.981
o 30,0 329,461 1.9¥9°  4.303 20.0 e12.929  17.72%  22.572
80,0 T 254,744 5.I78-  «.217 30.0 383,304 27 5. 106
50,0 7 [98.221 5,232 8. 180 0.0 239.269 :.721 3.143

tions of all ions decrease mono-
tonically with the increase of &,
while the Ps cross sections assume
the opposite behavior and decrease
(almost an order of magnitude) with
the increase of Z, - :

In Figs. 3 and 4 we present two
examples for our last investigation,
namely the collisions of positrons
with lithium-isocelectronic ions.
There we plot the relation between
the total Ps cross sectiogs and the
iﬂgident energy for et~ ¢’* and e’ -
N"", respectively,with and without
switching on the Ps polarisation
potentials. It is clear that these
‘potentials shift the maxima of the-
pure coupled-static cross sections

towards the Ps thresholds {3}.
Finally, we hope that the present

work would draw the attention of
positron community to the field of
positron-ion collisions and encou--
rage the theorists to investigate
the problems tackled here using
more elaborate techniques,
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TABLE 3 - Total efastic cross-sections (in a?) nf the collisions of positrons with diferent
hydrogenlike targets at enevgies below the Ps forwation threshold i e”-H scaltering.

4
ot

LiteV) Targe's
H He* Li¥* Be3* B Na'**

0.1 1229 0.437 0.1110 0.0415 001520 0.001 {36
0.5 1112 0.4 0.1108 0.0414 0.01917 0.001 195
1.0 39718 0.430 0.1100 0.0413 0.01914 0.001195
1.5 3.956 0.125 J.1695 0.0411 0.01910 0.001 194
20 3.738 0.421 3.1090 0.0410 0.01907 0.001194
3.0 3.631 0417 0.1085 0.0409 0.01903 0.001193
3.3 3.437 0.413 0.1080 0.0408 0.01300 0.001193
4.0 3.350 0.4 9.1075 0.0407 0.01896 0.001 192
43 3.267 0.406 0.1070 0.0406 0.01893 0.001 192
5.0 3.189 n.402 0.1065 0.0405 0.01889 0.001 131
33 3.115 0.398 0.1060 0.0403 0.01886 0.001 191
6.0 3.046 0.395 0.1053 0.0402 0.01882 0.001 190
6.5 2.978 0.391 0.1050 0.0401 0.01879 0.001 189
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Fig. 1. - Comparison between the

positrons with different hydrogenlike targets. 4 e -H oe-He'

e°-B** scattering.
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Fig. 3. - Variation of Lhe tctal positronium formation cross-section of e'-C' inelastie
scaltering with the incident snergy. * pure coupled-static calculations. O coupled-static
with Ps polarization. '
Fig. 4. - Variation of the total positronium formation eross-section of a"-N'* inelastic
scattering with the incident energy. * pure coupled-static calculations. O coupled-statie
with Ps polarization.
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Fig. 2. - Comparison between the total positronium formation cross-sections of the
inelastie collisions of positrons with different hydrogenlike targets.  ¢"-H, O o"-He",

O et-Lit*, » ¢*-Be’*, @ 9°-B** scattering.
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