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ABSTRACT. The olastic scattoring cross soction for slow eloetron seaiteving hy
(nostumn atom hus boen calculaied by taking the form of Stono and Reitz fo1 the atomie poten-
twd and that of Biermann and Harting for the polarzation potentwl — As the exchungo oifect.
i nogligible w1 the onorgy corresponding K2 = 1 a u., 11s consideration has hoen oxcludod

INTRODUCTION

In the study of the elastic scattering of slow clectron hy noutral atom we arce
up against the difficully of the choice of a suitahle potential to represent the field
venerated by the nucleus and the surrounding oloctrons of the atom: further wo
have to consider the distortion of thus field induced by the incoming electron
In such a calculation we have to bear in nund the possibility of exchangoe of roles
holweon the mecommg eloctron and the hound electron when they are closo to cach
othet during the mpact.  Salmona and Seaton (1960) have caleulated such a process
m Bethe approximation for sodium and caesium atoms and have found that the
value of the cross soction for Cs. alom reaches a maximum at an energy value
K2 — 09 atomic units, which is nearly the samo as has beon found experimentally
by Brode (1929), but the magnitude of the eross section at that encrgy is much loss
than that of Brode. Garrett and Mann (1963) have taken the potential for the
atomue field of Cs. atom duo to Hartree and for the polarization field due to Bier-
mann and Harting (1942); except for a Lttlo increase in thoe region .04 < K2

06 a u. their cross section docreases nionotonously with the incrense of energy
m the range .01 < K2 < 1.96au Therr calculation fails to show the sharp
prak at K2 — .09 a.u. as observed experimentally by Brode. Stone and Roitz
(1963) using an adiabatic model and inciuding exchange effoct have caleulated the
1088 seetion of sealtering in the region 00025 <7 K* 2 065au  They havo
lound thet the influence of exchange is quite considerable helow K2 = .02 a u.
and is small theroafter. The variation of cros section with enorgy in that range
shows a maximum at the value E2 = .02 au. However, the experimental results
ol Chen and Raother (1962) do not agreo with their caleulated values Using
a fiest, ordoer perturbation theory in the adiabatic approximation Crown and Russek
{1965) have calculated the same problem in the energy range 00005 <Z K2 <
<2a.u. They have obtained a minnmum value for the scattering cross section
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at K2 = 0085 a.u., whereas Stone and Reitz (1963) have obtained a maximum
value near ahout the same point

In view of the fact that the theoretical results are at variance with each othr
we have made an attempt to caleulate the same problem taking different combina-
tion of potentials with a view to obtaining better fit with experimental results,
which are also not quile consistent.  For our calculation we have chosen the poten-
tinl field of the Cs. atom as that of Stone and Reitz (1963) and the polarization
potential of Biermann and Harting (1942). The value of the scatioring cross
section in units of ma,? at the energy K2 = 1 a u comes Lo 407 as compared to 160
of Garrolt and Mann (1963) and 70 of Crown and Russck (1965), whercas tho
experimontal value duo to Brode (1929) s 263

The potential for the screened atomic field of Cs. is split up into two parts.
Tor the 1egion 0 < 7 << 2 0 u. we take thelform of Prokofjew which is & modifica-
tion of the Hartree potential for Cs+ ion, and which has heen tabulated by Stone
(1962) for the values of the effective charge Z(r) of the (s+ 1om core againsi r.
We are justified in taking this potential because inner core clectrons are insensitive
to the state of the valence electron. In the region 2 << r < oo we choose the
values given by Stone and Reitz (1963) who had plotted the logarithm of the
potential V(r) against ».  As this curve is a straight line we choose V = Ae ™.
Our potential is continmous at 2 = 2. For the polarization potential we use the
form of Biormann and Harting which has also been used by Garrett and Mapn in

their calculation.
e sl ()]

where & is the polarizability of the atom

As the mfluence of exchange is not of considerable value at K2 =1 a.u.
(27.2 ¢v.), we have not included it in our present calculation.

THEORY

The differontial cross section is given by

a(0) = 0|2 = (214-1)eV1 sin o (cos 1) |2

1

b
Kﬂ|l=n
The 1otal cross soction hocomes

c=2Xa -

whore o= % (2041) sin? 9,
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Tao caleulate the phase shift 7, we have used WKB method with Langer moda-

fication, according to which the phase shift is givon by (c.t. Landau and Lifshits,
1959)

— P [opup—ty— PEHD* VY 2 Yy TUHY) g
7),~1:|" [h {2m.(L ) | K ]rlr| 5 K,

where 7, is the value of » for wluch the expression under the radical sign is zoro.
RESULTS AND DISCUSSTONS

The potential term U consists of two parts; one due to the field of the Cs.
atom and the other due to the polarization mduced by the incident eloctron.

— U = V)4 V).

Vir)y — Z(:) for 0.7 r g2

— 22584 P for 2L T < o

= g 1= )}

Wo have taken
a = 243 atomic umits
7o == 6 13 atomic units

= 8

Usmg the above values ol the parameters we have numerically integrated
the expression

“j P U Hel o)
7,

t

From Table T it can be seen that at tho mecident encrgy K* =— 1 au quite
a large numboer of phaso shifts contriutes approciably to the total cross section
The contribution from such a large number of phasc shifts has considerably in-
reased the value of the total cross section 0. The value of the total cross section
obtained by us at K2 = 1 a.u, in units of 7¢,? 18 407, the same obtamed by Garrett
and Mann is 160 and by Crown and Russek s 70; whereas the experimental value
due to Brode is 263 at that energy. It may be mentioned here that at our energy
the ifluence of polarization potential is not of much consequence. The value
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TABLE T
Caleulated phaso shifts and partial cross sections at K2 = 1 a.u,
(27.2 0.v.)
i ny ay 1in the units of rag
' 1% 220 136
1 17 955 7 30
2 12 648 0.13
3 6 6306 3.32
4 4 505 34 47
[ 3 901 20 48
6 4 653 12.46
7 2.824 5.84
8 2 247 41.35
9 1207 66 38
10 1.009 60.19
11 0 867 53 46
12 0.638 35.52
13 0.491 24.03
14 0.374 15.47
16 0 273 9.04
16 0.269 9.37
1k 0.173 4.17
18 0 117 2 03

obtained by Garrett and Mann with Harlree potential is less than the oxperi-
mental value of Brode, the potential of Stone and Reitz extends further than the
Hartroo fiold, as such we {elt that the potential of Stone and Reitz would increase
the value of the cross section to Lring it in better agrecment with the experiniental
valuo, but, the incroase is much more than our expectations. It is difficult to judge
the suitability of this potential by calculating the cross section at one energy,
for proper appraisal it is nocoessary to sec its variation with energy. It is not
easy to reconcile our too large value with tho too low value of Crown and Russek,
who have, in support of their result, compared with the oxperimental valne of
Morgulis and Korchovoi (1962), which diffeis considerably {rom that of Brode
(Margulis and Korchovoi have obtained 57 for K2 = .048 whereas the value of
Brodo is 300 for nearly the same point).
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