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VELOCITY UEPENDEriCE OF THE PENNING N.W l\SSOCIATIVE 

IONIZATION CROSS SECTIONS OF Ar ATO!·\S BY He ( 2
3
s) 

~ AND He (2 1S) ATOI'.S 

A. PESNELLE,G. WATEL and C.~~NUS 

Service de Physi qu~ Atomique 
Centre d' Etudes ·Nucleaires de 5ac·lay;France. 

The velocity dependence of bo th the Penning and as sociat.1ve ioniza­

tion cross section cr:P and () of Ar atoms by He (2
3
5) and He (2

1
5) r:.etastable 

t: At: 
atoms, and of their· sum "C)T = G:'P -r u , is rr:easured in t he ve 1 oci ty r ange 1200-

t AT 
4500 m/sec (30- 400 meV ) in a crossed-beam experiment by a t i me-.of- fr;J ight t ech:1i-
que. Characteristic cross-section ratios 0. 1 /ur and eJ;. (Single t )/ ~{Trip-let ; 
are reported a 1 ong with the re 1 ati ve mag nitude of the cross sections <J.A , r.-::, _ r v i .J,. 

()r • The meusurerr.ents clearly show a difference in the reaction rrechanisr:b 
involving He (235) and He (215). This difference appears not only i n the ratio 

~' I c;T , whose magni tude reaches 19% and 38% for He (2
3
5) and He (2

1
S) 

· respectively at the velocity v == 1200 m/sec (30 meV ), and in the ratio ~­
(Singlet)/ Gl

1 
(Tri pl et), which increase from 0.5 to 3.8 fo1~ velocity decr easins 

from 4500 m/sec to 1200 m/sec, but also in the different shapes of t he 0: and 1'1 

Glrr cross sectionr. for He (23S) and He (Z
1
S). 

A theoretical int~rpretation ~or He (23S) + Ar, based en the mo d2l of 

Nakamura /1/), gives a total cross section ~"I- (v) and partial cross sections 
G"A-r {v) and u-;T (v) in good agreer::e nt vdth our experi nentcll results,vt ith 

a probabili ty of autoionization of He~+ Ar r (R)= Ae-R/B where A= 4000 a.u. 

and B = 0.360 a.u. 

The He + Ar+ potential c~rve which is thus derived exhibits t: vte ll 

depth of 16.5 meV and has a minimum located at about 5.8 a.u. / 2/ These values 
are in good agreement with the well depth (18 .3 meV- 5. 7 a.u.) estimated by 

using the Ar + He+ potential cur~e ~btained fro~ differential scat ter ing measu­
rements /3/ and scaling to the different polarisabilities of He ~nd Ar. The well 
depth and its position are also in good · agree~nt to the values \16.7 meV-5.7 2. !.1. 

estimated by adding the charge induced dipole term -~He/2 R
4 

to the He+ Ar pot ~r 
. tial curve derived by differential scattering./4/. 
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