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C ross sec tions rT2 t and  CT20 from  doub ly  charged  helium  ions 
have been m easured  in H 2, N e an d  A r. T h e  m easu rem en ts were 
p erfo rm ed  in the  velocity range 1.6 -4 .4  x 107 cm /s. 3H e '+ w as 
used as a  p ro jec tile  as 4H e> 1 could  no t be se p ara ted  from  back- 
g ro u n d  H ¿ by m agnetic deflection in o u r a p p a ra tu s . Iso tope 
effects are  know n to  be negligible in th is velocity  range.

R esults ob ta in ed  fo r the  d o u b le  e lec tró n -c ap tu re  p rocess a t

low  energies ind íca te  near re so n an t ( / 1 £ ~ 0 )  types o f  collisions> 
w hich  show  th a t in the  case o f  processes H e M + X —>He +  X ' 
w here X  is N e o r  A r, the  recoiling  doub ly -charged  ions are  
p ro d u ced  in highly-excited  sta tes. S tru c tu re  is observed  in the 
cross sections versus velocity  curves for collisions w ith N e 
targets.

1. Introduction

Though charge-changing collisions of protons on 
different targets have been investigated in great 
detail1), many features o f  this type of collisions are not 
well understood. Collisions involving H e++, next in 
simplicity to H + , are important to study since they 
introduce for single electrón capture the effect of 
Coulomb repulsión between the scattered particles and, 
for double electrón capture, a two-electron neutral 
system. These types of collisions of He++ beams have 
been studied on only a few target gases. We report 
measurements of cross sections for single and double 
electrón capture by H e++ ions on H 2, Ne and Ar, in 
the 3He energy range 55-400 keV. Our results are 
compared with published data for H2 and Ar.

2. Apparatus and experimental results

The experimental apparatus is shown in ñg. 1. 
Helium ions are produced in the radio-frequency ion 
source of the Bariloche Cockroft-Walton accelerator 
(Kevatron). A beam of 3H e+ f  was used as 4H e+ + 
could not be resolved from background H 2 with our 
sorting magnet. Isotope effects are known to be 
negligible in our energy range2,3) and therefore our 
results can be compared to those taken with 4H e+ + 
projectiles, at equal velocities.

The momentum-analyzed beam passes through a
10.3 cm long, differentially-pumped, gas-target cell 
which has entrance and exit channels of 1.2 mm and
2.3 mm in diameter respectively. This geometry

^ H e * * f r o m K e v a t r o n

Fig. 1. T h e  ex perim en ta l a p p a ra tu s . DP: L N 2- trap p ed  d iffusion p u m p s; C M : cap ac itance  m an o m eter; A PC : au to m atic  p ressure-
co n tro lle r.
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T a b l e  1

States o f  recoil ta rgets an d  energy defects Z l£(eV ).

F inal Fie State h 2
S tate A E

N e
S tate A E

A r
S tate A E

H e ( l!S ) H 1 + H + +  22.30 Ne++ (2p4 JS) +  9.05 A r ++(**> ~ 0
H e (2iS) H+ +  H+ +  1.69 Ne++ (2p4 r D) - 7 .4 6 A r++ (3s3p5 JPo) - 2 .8 6
H e (23S) - - Ne++ (2p4 3P) - 3 .4 6 Ar++ (3s3p5 3P 0) +  1.50
He+ (12S) H  + (**) 0 N e+ (3 p ,2 F) -  1.18 A r++ (3s3p5 3 P 2) +  e - 3 .0 9
He+ (22S) H +  ( X ^ ) -  1.83 Ne+ (3p5 2P) - 5 .8 0 A r+ (3pñ 3P) - 2 .1 6

allows essentially all of the scattered beam to reach the 
detection chamber4).

High-purity gas is admitted to the target cell through 
a valve commanded by an automatic pressure-con- 
troller fed by the output signal o f  the capacitance 
manometer used to measure the gas pressure. After 
traversing the target cell, the beam is analyzed in 
charge by a magnetic freíd and each charge component 
collected on a charge-independent movable detector2). 
A vibrating-reed electrometer registers the collected

j * 3He E n e r g y  (keV)

Fig. 2. Single an d  d oub le  electrón  cap tu re  cross sections fo r He+ * 
on  H 2 and  A r. H 2: O  -  these resu lts ; -  A llison8). A r: •  -  these 
resu lts ; +  -  N ik o laev  e t a l.9); □  -  P ivovar et a l.10). T h e  lines are 

d raw n  to  guide th e  eye an d  have no o th e r  m eaning.

current and feeds the signal to the Y  axis of an X -Y  
plotter, while the X  signal source is a biased potentio- 
meter mechanically coupled to the motor used to drive 
the detector. Background gas pressure outside the 
collision chamber was kept below 3 x 10~6 torr.

The charge fractions were measured six times at 
each energy and at constant pressure. The cell pressure 
was then varied from 1.5 x 10“ 4 to about 8 x 10-4  torr 
in six or seven steps. This range of pressures was 
checked to correspond to single-collision conditions. 
The cross sections were determined from the initial
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Fig. 3. Single an d  d oub le  electrón  cap tu re  cross sections fo r H e++ 
on  N e. T h e  lines are  d raw n  to  guide the eye an d  have n o  o th e r  

m eaning.
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slopes of the curves which gave the dependence of the 
He and H e+ fractions on target thickness. The method 
of analysis is described elsewhere5). Results are plotted 
in figs. 2 and 3 with their statistical uncertainties. 
Systematic errors have been estimated to be less than 
15%. The energy scale is accurate to within 2%. 
A check of the overall performance of the apparatus 
was made by measuring equilibrium fractions and 
electrón capture cross sections for He ++ on He gas. 
The results agreed within experimental errors with 
those by Meckbach and Nemirovsky2) and by Berkner 
et al.6) respectively.

3. Conclusions

The high valúes of the electrón capture cross sections 
at low energies can be correlated to the existence of 
outgoing channels yielding very small energy defects. 
The reactions obeying spin conservation and giving 
ground and metastable states of He and H e+ are 
presented in table 1, where the energies are taken from 
M oore’s compilation9), Franck-Condon transitions 
are assumed in the case of H 2 and (**) indicates a 
highly excited State.

Results suggest that single and double electrón 
capture involving H e ++ projectiles should be an 
efhcient way of producing metastable He and He + 
for use in atomic collision experiments.

The feature in the cross sections versus energy curves 
at % 190 keV for Ne was measured three difierent days

and averaged. It is possible due to contributions from 
different shells o f  the target atom. A s  the minimum in 
a2o is correlated with the máximum in o2 1 >the structure 
could also result from interference eíTects in the 
outgoing channels or to a sharp peak at this energy o f  
ths cross section for electrón capture to autoionizing 
levels o f  He which would decay in fiight and be counted 
as H e + ions.

It is hoped that our results will stimulate theoretical 
work, not yet available, on these processes.
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