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Partial and total eleetronic stopping cross sections of atoms
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This document was prepared as an extension of the previous
work{1] to show the calculated results of electronie stopping
power of matter for a singly charged helium ion in the frozen
charge state 1ls. Theoretical background of this calculation is
the wave packet theory [1-6]. Different types of the dielectrie
funetion to the wake potential was applied[7] on the basis of
the wave packet treatment. A full detail of the theory was given
in references [2] so that a brief outline is presented here.

The dielectric function of the atomie shell (n,1) is

described in the reduced form :

e {z,u) =1+ 2/ g2[ f(z,u) + i f(z,u) 1 , (1)
f.€z,u) = (x YY/2/(42) { G(u+z) - G(u-z) ] |, (2>
f.(z,u) = 7 /(82) [ exp{ -(u-2)2} - exp{ -(u+z)2 3} 1 , (3)

G(y) =y exp( -y2) @ (1/2, 3/2, y?2

} (4)
in the framework of the linear response theory. In the above
equations, 2 = 1/(z Q) in atomic units ( hereafter astomic
units are used ) and ® (1/2, 3/2, y2) denotes a degenerate
hypergeometric function[8]. The characteristic momentum 5 for

the shell {(n,1l) becomes
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Here f,.(0) denotes the one-electron Hartree-Fock{HF) momentum
distribution f{(q) calculated from the corresponding double zeta
wavefunctions [9,1¢], and N is the number of the bound eleetrons
in the shell {(n,1). The calculated values of Q for elements with
atomie number Z; {( 2 £ Z; < %2 )} are shown in figures 1 and 2.
The stopping power S of a perticular single-shell for a
partially stripped ion with nuclear charge Z,e moving at veloeity

v on a straight-line trajectory is calculated as

S = 4z /VZN, N L , (6)
.roo V/Q
L = 8/(g3/2 x2)}dz 2 1Z, - p (2éz)12'§du u Imie Y(z,u)-1},
0 0
(7)

where N, denotes the number density of target atoms. The factor

o (2Qz) denotes the atomic form factor of a He* ion:

o {g) = [ 1 + (q/8)%172. (8)

Figures 3 and 4 show the target atomie number dependence of
the stepping power for a He* ion at v=0.2, 2, and 4vy;. At a
glance, the oscillatory bhehavior can be seen. Especially, in the
low velocity region the target atoms with a eclosed-shell econ-
figuration have a2 locally minimum stopping power. With increasing
veloeity such oscillations tend to vanish. This feature is due to
the outermost shell effeet. The absolute values of the stopping

cross sections as well as these ¢oscillations are the same in



phase as those of a proton[6]. It seems interesting that the
phase of oscillation of effective charge with respeet to Z, is
opposite to that of the stopping power[6].

This publication is intended to provide the calculated
values of the partial and total stopping power of neutral atoms
with 55 < Z; { 92 for a He* ion, which are tabulated at energies
ranging from 1 keV/amu ( v=0.2v, ) to 104 kev/amu ( v=20v, ). How
to read these tables of He* stopping is explained in the EXPLANA-
TION OF TABLES. We hope these data together with the previous
document[1] stimulates strongly the experimental measurement

cf the stopping power for a He* ion.



REFERENCES

{11 r. Kaneko, T. Nishihara, T. Taguchi, K. Nakagawa, M.
Murakami, M. Hosono, S. Matsushita, K. Hayase, M. Moriya,
Y, Matsukuma, K. Miura, and H. Tawara, NIFS ( National
Institute for Fusion Science ) DATA 11,1(1991).

[21 Toshiaki Kaneko, Phys.Rev. A40, 2188(19889); Phys.Stat.Sol.
(b)156,49¢(1989).

[8] T. Kaneko, IPPJ(Nagoya University)-AM 63,1(1989).

[4]1 T. Kaneko, NIFS ( National Institute for Fusion Science }
DATA 9,1¢(1890).

[5] T. Kaneko, NIFS ( National Institute for Fusion Science )
DATA 3,1(1890).

[6] T. Kaneko, Nuel.Instr.Meth. in Phys.Res. B {(to be submitted).

[71 M. Moneta, T. Kaneko, and J. Czerbniak, Nuel.Iinstr.Meth. in
Phys.Res., B {(to be submitted).

[8] !. S. Gradshteyn and I. M. Ryzhik,'Table of Integrals,
Series, and Products'{Academic Press, 1980).

9] E. Clementi and C. Roetti, At.Data and Nuel.Data Tables
14,177(1974).

{10] A.D. McLean and R.S. McLean, At.Data and Nucl.Data Tables

26,197(1981).



FIGURE CAPTIONS

Figures 1 and 2:

The values of parameter Q with respect to Zz, determined
from the double zeta wavefunctions[9,10]. The Q@ values for
Li atom has heen recalculated using the Roothan-Hartree-
Fock wavefunctions because the original double zeta func-

tiens has been found to be in error.=”

Figures 3 and 4 :

Target dependence of the calculated stopping cross seetion
of atoms with 2 ¢ Z; < 92 for a singly charged helium

ton with v=0.2, 2, and 4v,.

* The author(T.K.) would like to acknowledge the letter from
Dr. Angela Li-Scholz, the editor of Atomic Data and Nuclear

Data Tables, which pointed out this error.
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