
HAL Id: jpa-00218432
https://hal.science/jpa-00218432

Submitted on 4 Feb 2008

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

CHARGE EXCHANGING PROCESSES IN SMALL
IMPACT PARAMETER COLLISIONS BETWEEN

S+q IONS AND RARE GASES
D. Maor, B. Rosner

To cite this version:
D. Maor, B. Rosner. CHARGE EXCHANGING PROCESSES IN SMALL IMPACT PARAMETER
COLLISIONS BETWEEN S+q IONS AND RARE GASES. Journal de Physique Colloques, 1979, 40
(C1), pp.C1-250-C1-252. �10.1051/jphyscol:1979152�. �jpa-00218432�

https://hal.science/jpa-00218432
https://hal.archives-ouvertes.fr


JOURNAL DE PHYSIQUE 

CHARGE EXCHANGING PROCESSES IN SMALL IMPACT PARAMETER 

COLLISIONS BETWEEN s + ~  IONS AND RARE GASES 

D. Maor - B. Rosner 

Physics Department, Technion, Haifa, I s r a e l  

gsume'. Pour des e'nergies de 32 'i 48 MeV e t  avec des ions inc iden ts  s+' 'I s", 1,s dis-  
t r i b u t i o n s  de charge f i n a l e  des ions de soufre  produits  p a r  co l l i s ionunique  k f a i b l e  
parametre d'impact s u r  c i b l e  de gaz r a r e s  ont 6 t6  mesurges h l f u n i v e r s i t 6  de Pi t tsburgh.  
Les tendances observe'es sont  l e s  m8mes que c e l l e s  d1exp6riences an tgr ieures  avec l l i o n  
0+9: l a  d i s t r i b u t i o n  de l a  charge f i n a l e  e s t  presque complstement inde'pendante de 1 ' 6 t a t  
de charge inc iden t .  Alors que l e  modsle de 1'Bcran dynamique u t i l i s 6  pour c a l c u l e r  l a  
charge f i n a l e  moyenne s ' e s t  ave'r8 s a t i s f a i s a n t  dans l e  cas de l'oxygsne i l  a 6te' i c i  
ne'cessaire de t e n i r  compte de l ' e f f e t  de promotion des Blectrons des couches i n t e r n e s  
pour reproduire l e s  r g s u l t a t s  expe'rimentaux pour l e  cas  S+Xe. 

Abstract.  The outgoing charge d i s t r i b  t i o n s  o f  sulphur ions i n  t h e  32-48 MeV bombarding 
energy range, with i n i t i a l  charges S" t o  s ' ~  have been measured a f t e r  small impact 
parameter c o l l i s i o n s .  Trends s i m i l a r  t o  those previously observed with oxygen p r o j e c t i l e s  
were observed, namely an almost complete independence of t h e  outgoing charge d i s t r i b u t i o n s  
on t h e  incoming charge s t a t e .  The dynamic screening model was used t o  c a l c u l a t e  the  
average outgoing charge s t a t e  and gave s a t i s f a c t o r y  agreements f o r  t h e  S+Ar and S+Kr 
cases. For the  S+Xe case,  promotion e f f e c t s  o f  t h e  sulphur inner  s h e l l  e lec t rons  had t o  
be included t o  account f o r  t h e  experimental r e s u l t s .  

P r o j e c t i l e  charge s t a t e  d i s t r i b u t i o n s  af-  

t e r  c o l l i s i o n s  with impact parameters much smal- 

l e r  than the  K-shell r a d i i  of t h e  c o l l i d i n g  par t -  

n e r  were s tudied by Rosner 6 Gur [ I ]  f o r  s i n g l e  

c o l l i s i o n s  between oxygen and noble gases. I t  

was found t h a t  f o r  heavy t a r g e t s  the  charge d i s -  

t r i b u t i o n s  o f  t h e  s c a t t e r e d  ions a f t e r  such col- 

l i s i o n s  were i n s e n s i t i v e  t o  the  incoming projec- 

t i l e  charge s t a t e  a s  well as t o  t h e  exact  value 

of t h e  impact parameter a s  r e f l e c t e d  by t h e  sca t -  

t e r i n g  angle. These r e s u l t s  ind ica te  t h a t  under 

t h e  above s t a t e d  condit ions,  equi l ibr ium charge 

d i s t r i b u t i o n  i s  achieved i n  a s i n g l e  c o l l i s i o n .  

S t a t i s t i c a l  ca lcu la t ions  based on t h e  dynamic 

screening of t h e  p r o j e c t i l e  succeeded very well  

i n  reproducing the  values of t h e  average out- 

going charge s t a t e s  [Z]. 

In t h e  experiment reported here ,  s u l -  

phur p r o j e c t i l e s  with i n i t i a l  charges +6 t o  +9 

and energ4es o f  32,  40 and 48 MeV obtained from 

t h e  U. of  Pi t tsburgh tandem acce le ra tor  were 

used. The outgoing charge s t a t e  d i s t r i b u t i o n s  

a f t e r .  s i n g l e  c o l l i s i o n s  with A r ,  K r  and Xe atoms 

a t  a s c a t t e r i n g  angle of 5' were determined by 

means o f  an experimental set-up s i m i l a r  t o  the  

one described i n  [ I ] .  In f i g u r e  1 t h e  r e s u l t s  

f o r  40 MeV bombarding energy a r e  shown. Again 

t h e  outgoing charge d i s t r i b u t i o n s  a r e  p r a c t i c a l l y  

independent of the  incoming charge s t a t e .  

There is  a reasonable agreement between 

the  experimental average outgoing charge s t a t e s  

and those ca lcu la ted  by t h e  dynamic screening 

model f o r  the  A r  and K r  t a r g e t s .  However f o r  t h e  

Xe t a r g e t  t h e  experimental values exceed t h e  

t h e o r e t i c a l  p red ic t ion  by about 0.7 charge un i t s .  

A poss ib le  explanat ion of  t h i s  discrepan- 

cy i s  the  presence of  an electron-promotion me- 

chanism superimposed on t h e  s t a t i s t i c a l  process. 

Figure 2 shows the  molecular o r b i t a l s '  diagrams 

f o r  the  t h r e e  d i f f e r e n t  systems. Since the  elec- 

t r o n  v e l o c i t y  i n  t h e  3d s h e l l  of Xe is  of the  

order  of  magnitude of t h e  p r o j e c t i l e  ve loc i ty ,  

e lec t rons  from t h i s  s h e l l  a r e  e a s i l y  exc i ted  [3] 

while t h e  in te rnuc lear  d i s tance  is  s t i l l  large.  

On f u r t h e r  approach 1s e lec t rons  can be promoted 

t o  these  vacancies by r o t a t i o n a l  coupling. An in -  

crease i n  t h e  outgoing charge s t a t e  is  then fur-  

t h e r  enhanced by Auger t r a n s i t i o n s .  

In t h e  S+Kr system, t h e  1s sulphur o r b i t a l  

crosses  only t i g h t l y  bound l e v e l s  and promotion 

is  not poss ib le .  The S+Ar system is  very i n t e r e s t -  
+6 ing.  For t h e  S + A r  as wel l  as  higher  i n i t i a l  

charge s t a t e s  t h e  sulphur 2s and 2p o r b i t a l s  a r e  

lower than t h e  corresponding A r  l e v e l s  [4] and 

t h e  Is sulphur l eve l  does not  cross  any A r  level .  

There i s  a p o s s i b i l i t y  o f  " se l f  promotion'' of  t h e  

1s e lec t rons  t o  higher  sulphur  s t a t e s  and subse- 

quent l o s s  by Auger decay. However t h i s  small 
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3 2 ~  OUTGOING CHARGE STATES 

Fig. 1 - Charge-state distr ibutions of outgoing 40 MeV sulphur ions as a function 

of t h e i r  i n i t i a l  charge qi, a f t e r  scattering a t  0 = 5' by A r ,  K r  and Xe 

atoms. 

Fig. 2 - Adiabatic molecular-level correlat ion diagrams of s + ~  with A r ,  K r  and Xe 

targets.  



c 1-252 JOURNAL DE PHYSIQUE 

effec t  would be largely neutralized by t ransfer  radia l  coupling when the  internuclear distance 

of 1s A r  electrons t o  the  1s sulphur vacancies by increases again. 
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