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R6sum6. Nous avons 6 tudi6  l a  r a d i a t i o n  op t ique  & i s e  par  de s  p ~ o j e $ t i l $ s  
mvnoato~iques s u i v a n t  l ' e x c i t a t i o n  beam-foil de s  fa i sceaux de  H , H 2 ,  H3, 
0 e t  02. 

Abs t rac t .  We have inves t iga t ed  t h e  o p t i c a l  r a d i a t i o n  from t$e mqnatvmic 
p$oject i )es  fo l lowing  beam-foil e x c i t a t i o n  us ing  beams of H , H z ,  H3, 
0 and 02. 

We have i n v e s t i g a t e d  the  o p t i c a l  

r a d i a t i o n  from t h e  monatomic p r o j e c t i l e s  

fo l lowing  beam-foil e x c i t a t i o n  using beams 
+ + + + 

of H+, H 2 ,  H 3 ,  0 and 02. When beams of 

monatomic spec i e s  a r e  used, t h e r e  is 

e s s e n t i a l l y  zero p r o b a b i l i t y  f o r  having two 

p r o j e c t i l e s  i n  t h e  f o i l  a t  t h e  same time, 

whereas a t  l e a s t  two p r o j e c t i l e  n u c l e i  a r e  

c l o s e  t oge the r  f o r  i nc iden t  molecular  

p a r t i c l e s .  Thus, information about  t h e  

i n t e r a c t i o n  between atomic p a r t i c l e s  and 

s o l i d s  may be obta ined  by comparing t h e  

outcome us ing  d i f f e r e n t  beams of t h e  same 

element. 

The acce l e r a t ed  atomic and 

molecalar  i ons  were s e n t  through carbon 
2  f o i l s  of  t h i cknes s  12 ~ g / c m  , t h e  o p t i c a l  

r a d i a t i o n  de t ec t ed  perpendicular  t o  t h e  

beam d i r e c t i o n ,  and t h e  p r o j e c t i l e s  were 

f i n a l l y  energy analyzed i n  an  e l e c t r o s t a t i c  

ana lyzer  111. The a c c e l e r a t o r  h igh  t ens ion  

was a d j u s t e d  so t h a t  t h e  p r o j e c t i l e s  had 

t h e  same energy a f t e r  t h e  f o i l .  I n  t h e  

measurements wi th  d i f f e r e n t  hydrogen beams, 

t h e  e x i t  p ro ton  energy was 100 keV, and t h e  

measurements wi th  oxygen were c a r r i e d  o u t  

a t  e x i t  ene rg i e s  of 100 keV and 155 keV. 

The beam c u r r e n t  was measured wi th  no f o i l  

i n  t h e  beam path,  and t h e  photon y i e l d s  

were i n  a l l  c a se s  r e f e r r e d  t o  t h e  same f l u x  

of  incoming p r o j e c t i l e  n u c l e i  ( i . e .  

counts  two, e t c .  1. 
H: 

The hydrogen r e s u l t s  a r e  shown i n  

PRINCIPAL OUANlUM NUMBER, n 

Fig.  1 - R e l a t i v e  popula t ions  of ns  + nd 

l e v e l s  i n  hydrogen a s  func t ions  

of t h e  p r i n c i p a l  quantum number 

n, us ing  .various molecular 

incoming beams. 

t h e  f i g u r e  t oge the r  w i th  some d a t a  

obta ined  a t  25 keV per  pro ton  i n  Copenhagen. 

We s e e  f o r  a l l  l e v e l s  observed a n  i n c r e a s e  

i n  t h e  i n t e n s i t y  of  e l e c t r o n i c  t r a n s i t i o n s  

o f  approximately 25% when going from a  
+ proton  beam t o  an H2 beam and a  f u r t h e r  

+ i n c r e a s e  of approximately 25% when H3 i s  
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acce l e r a t ed .  This  e f f e c t  is  independent of  

t h e  l e v e l  of e x c i t a t i o n  and thus  a c t u a l l y  

a s ta tement  about  t h e  charge s t a t e  of  t h e  

emergent atom, i n  agreement wi th  e a r l i e r  

charge  s t a t e  d i s t r i b u t i o n  measurements done 

wi th  H+ and H: beams 121. Very few molecu- 

l a r  ions  su rv ive  passage through t h e  f o i l ,  

so  e s s e n t i a l l y  a l l  f i n a l  p a r t i c l e s  a r e  

s i n g l e  atoms r e g a r d l e s s  of which beam is  
+ 

used. However, those  H2 ions  which e n t e r  

t h e  f o i l  c o l l i n e a r l y  may t r a v e l  t oge the r  

through t h e  f o i l  i n  such a way t h a t  t h e  

second pro ton  i s  c a r r i e d  along i n  t h e  

negat ive  wake p o t e n t i a l  o f  t h e  f i r s t  

proton [31 a t  a d i s t a n c e  of a few angstroms. 
++ 

Behind t h e  f o i l  t h e  H2 system w i l l  s u f f e r  

a Coulomb explosion s o  t h a t  on ly  s i n g l e  

atoms a r e  de t ec t ed ,  b u t  t h e  double charge  

w i l l  be more e f f i c i e n t  i n  t e a r i n g  an 

e l e c t r o n  away from t h e  f o i l  than  w i l l  a 

s i n g l e  proton,  and t h e r e f o r e  w i l l  enhance 

t h e  n e u t r a l  charge f r a c t i o n .  The wake 

a t t r a c t i o n  only extends over  a 30° ang le  
-!- 

behind t h e  f i r s t :  p ro ton  [ 41 ,  s o  a n  H2 i on  

e n t e r i n g  t h e  f o i l  broadside w i l l  break up 

and emerge a s  independent atoms. The 
+ t r i a n g u l a r  H3 w i l l  have a l a r g e r  p r o b a b i l i t y  

o f  having two of i ts  pro tons  h i t  t h e  f o i l  

c o l l i n e a r l y  and t h e r e f o r e  shows an even 
+ 

l a r g e r  n e u t r a l  charge  f r a c t i o n  than H2. A s  

observed i n  ion-atom c o l l i s i o n s  [5] t h e  

r e l a t i v e  l e v e l  popula t ion  f a l l s  o f f  a s  nP 

wi th  p s l i g h t l y  l e s s  than  -3 ( -4.0 f o r  

25 keV/amu, -3.6 f o r  100 keV/amu ) and 

approaching -3 a t  l a r g e  v e l o c i t i e s .  

The t a b l e  p re sen t s  some t y p i c a l  

da t a  f o r  oxygen. The o v e r a l l  u n c e r t a i n t y  

r e l a t e d  t o  t h e  numbers of t h e  l a s t  two 

columns is  approximately 5%. The r e l a t i v e  

change of  i n t e n s i t y  f o r  d i f f e r e n t  l i n e s  of 

t h e  same charge s t a t e  i s  almost  the 'same,  

and, e s p e c i a l l y  f o r  O I V ,  t h e  same e f f e c t  

is  ,found a s  f o r  hydrogen. Two complicat ing 

circumstahces obscure t h e  p i c t u r e  f o r  t h i s  

p r o j e c t i l e .  One i s  t h e  much lower v e l o c i t y ,  

t h e  o t h e r  t h e  f a c t  t h a t  t h e  oxygen ions  a r e  

mu l t i p ly  charged when they l e a v e  t h e  f o i l  

[61 and t h e r e f o r e  need t o  p ick  up seve ra l  

e l e c t r o n s  t o  end up i n  t h e  charge s t a t e s  

measured. 

OIV  3p I l - O 6  

+ 
exci ted.  1 rat io of  s i g n a l  produced by O2 

One o f  u s  ( N ) i s  g r a t e f u l  

t o  t h e  Research I n s t i t u t e  f o r  Physics  f o r  

t h e  h o s p i t a l i t y  he  enjoyed dur ing  h i s  
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