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Recent experimental results on X-ray production in ion-atom collisions are discussed. It is suggested 
that the state of the outer-shell strongly influences the X-ray emission cross sections, particularly if 
one applies solid targets. 

It i s  well known that a tomic i n n e r - s h e l l s  may 
be ionized in heavy ion-a tom col l i s ions  [1]. The 
i n n e r - s h e l l  vacanc ies  decay p re fe ren t ia l ly  via  an 
Auger p rocess  resu l t ing  in the eject ion of fast  
e lec t rons .  A rad ia t ive  decay may also occur thus 
producing photon emi s s ion  in  the soft X - r a y  r e -  
gion. The use  of thin window propor t ional  coun-  
t e r s  to detect  soft X - r a y s  made it  re la t ive ly  easy 
to inves t iga te  total  c ro s s  sec t ions  for  c h a r a c t e r -  
i s t ic  X - r a y  emis s ion  in heavy ion-a tom co l l i -  
s ions.  Such c ross  sec t ions  have been de te rmined  
us ing sol id t a rge t s  [2-4] and gaseous ta rge ts  as  
well  [5]. The c ros s  sec t ions  a re  found to be de-  
pendent upon the a tomic number  Z of the co l l i -  
s ion pa r tne r  [2, 6, 7]. In a plot of the c ros s  s ec -  
t ion v e r s u s  the atomic number  maxima  occur for 
the s y m m e t r i c a l  case  and the q u a s i - s y m m e t r i c a l  
case,  where the binding energy of the i n n e r - s h e l l  
under  study is  about equal to the binding en re rgy  
of one of the i n n e r - s h e l l s  of the col l i s ion p a r t -  
ne r s ,  see fig. 1. 

By in t roducing the idea about promot ion of 
molecu la r  o rb i ta l s ,  Fano and Litchen [8] have 
proposed a qual i tat ive model  for the i n n n e r -  shel l  
excitation mechnism in symmetrical heavy ion- 
atom collisions. It is likely that this model is 
important also for asymmetrical collisions in- 
volving matching of electron energy levels of 
different inner-shells (K-L, L-M, etc.). Then 
the oscillating Z dependence of the cross sec- 
tions may be considered as a geometrical effect 
of the sizes of the inner-shells involved [7]. In 
this  l e t t e r  we a im to d i scuss  the inf luence of 
ou te r - she l l  exci ta t ions on the osc i l la t ing  behav-  
iour  of the c ros s  sec t ions  for X- r ay  production.  
We consider  two l inks between i n n e r -  and ou te r -  
shell ,  f i r s t ly  via  the c rea t ion  secondly via the 
decay of the i n n e r - s h e l l  vacancy. 
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Fig. 1. Cross sections for Ar L-shell X-ray emission 
in Z+--~ Ar versus the atomic number of the projectile. 
The data are plotted for a set of impact energies (in 

c.m. system). 

I.  It is  well known that the degree  of exci ta -  
t ion or ionizat ion of the o u t e r - s h e l l s  of the co l l i -  
s ion p a r t n e r s  affects the probabi l i ty  for e lec t ron 
promotion.  For  example,  with the s y m m e t r i c  
neon col l is ion E v e r h a r t ' s  group [9] showed that 
in Ne ++ + Ne the excitat ion c ros s  sect ion for 
the Ne K-she l l  was twice that of the Ne + + Ne 
case.  S imi la r  r e su l t s  a r e  repor ted  by Ogurtsov 
for Ar ++ + Ar [I0]. In this respec t  one should 
also consider  changes in i n n e r - s h e l l  binding 
energy due to an a l te ra t ion  of sc reen ing .  

2. The probabi l i ty  that a vacancy in a given 
i n n e r - s h e l l  r e su l t s  in  a rad ia t ive  t r ans i t i on  (the 
f luorescence  yield) appears  to be s t rongly depen- 
dent upon the impact  energy and the kind of ion 
that c rea ted  the i n n e r - s h e l l  vacancy [5]. For  
proton impact  on Ar the A r - L  f luorescence  yield 
is  found to be lower than for Ar + impact ,  Mor e -  
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over  as the impac t  energy  of the argon p ro j ec t i l e  
i s  doubled a l so  the f l u o r e s c e n c e  y ie ld  becomes  
twice  as  high. These  data indicate  that the f l u o r e -  
scence  y ie ld  i n c r e a s e s  as  the number  of e l e c -  
t rons  that can take par t  in the decay p r o c e s s  de -  
c r e a s e s .  

Accord ing  to both a rgumen t s  a l a r g e r  X - r a y  
emis s ion  c r o s s  sect ion will  be m e a s u r e d  when-  
eve r  the o u t e r - s h e l l s  a r e  exc i ted  or  ionized.  It 
has been found r ecen t ly  that  in sma l l  angle  s c a t -  
t e r ing  e x p e r i m e n t s  the ine las t i c  energy  los t  in 
co l l i s ions  of Ti  + on Ar  is  h igher  than in Ar + on 
Ar [11]. If we may ex t rapola te  these  r e s u l t s  to 
l a rge  angle sca t t e r ing ,  then a h igher  deg ree  of 
exci ta t ion of the A r -  M-she l l  by Ti  + impac t  than 
Ar + impact  i s  ant ic ipated.  Accord ing  to a rgument  
2 this  will  cause  an i n c r e a s e  of the A r - L  f l u o r e -  
s cence  y ie ld  and thus a shift of the max imum in 
fig. 1, which is  indeed observed .  

The s i tuat ion is  much m o r e  compl ica ted  by 
us ing solid t a rge t s  in m e a s u r i n g  X - r a y  e m i s s i o n  
c r o s s  sec t ions .  Apar t  f rom inheren t  u n c e r t a i n -  
t i e s  l ike the thick t a r g e t  absorp t ion  coeff ic ient  
and the stopping power  , i t  is  not well  known in 
which s ta te  the o u t e r - s h e l l  of the p ro j ec t i l e  is 
ins ide  a solid.  The s ta te  of the o u t e r - s h e l l  of 
ene rge t i c  heavy ions t r a v e r s i n g  solids is  d e t e r -  
mined  by va r ious  exci ta t ion,  ionizat ion,  co l l i -  
sion induced de -exc i t a t ion  and e lec t ron  capture  
p r o c e s s e s .  The c r o s s  sec t ions  for  these  p r o c e s -  
ses  a r e  s t rongly  ve loc i ty  dependent.  In consequen-  
ce of both points  a rgued  above it may be expected 
that the probabi l i ty  for  c h a r a c t e r i s t i c  X - r a y  p r o -  
duction dur ing co l l i s ions  in sol ids  is  h igher  than 
in b ipa r t i c l e  co l l i s ions  in gases ,  and this p r o -  
babil i ty wil l  change as  the pa r t i c l e  is  s lowing 
down in the thick t a rge t .  Kavanagh et al.  [6] 
found that for  a given ion kinet ic  energy the m e a -  
su red  X - r a y  y ie lds  w e r e  independent of the 
charge  s ta te  of the incident  ion. Evident ly  the 
charge  s ta te  of the p ro j ec t i l e  as  it  gene ra t e s  an 
X - r a y  is  d e t e r m i n e d  by the s u c c e s s i v e  co l l i s ions  
in the sol id  t a rge t  and i ts  e l ec t ron  gas.  This  is  
a l so  i l l u s t r a t ed  in re f .  [6] by the lack of r e c i p r o -  
city in the r o l e s  of t a r g e t  and p ro j ec t i l e .  E x p e r i -  
menta l  inves t iga t ions  of the t r a n s m i s s i o n  of ions 
through thin fo i ls  have shown a r e m a r k a b l e  o s -  
c i l la t ing  behaviour  in the ine las t i c  stopping pow- 
e r  as  a function of the p ro j ec t i l e  a tomic  number  

* Sefar one has ignored the difference between pro-  
jected range and real  range in deducing cross sec-  
tions from the thick target yield, this may in troduce  
errors  in excess of 30% [12]. 

[12]. If we may a s s u m e  that a l a rge  ine las t i c  
stopping inhe res  a high degree  of o u t e r - s h e l l  ex-  
c i ta t ion then one may expect  (according to a r g u -  
ments  1 +2) an i n t e r f e r e n c e  between the o s c i l -  
la t ing behaviour  in ine las t ic  stopping power and 
the above ment ioned Z dependence of the X - r a y  
e m i s s i o n  c r o s s  sec t ions .  In re f s .  [6, 13] max ima  
a r e  r epo r t ed  in the X - r a y  emis s ion  as function 
of p ro j ec t i l e  or  t a rge t  a tomic  number  which co -  
incide with max ima  in the ine las t ic  stopping pow- 
e r  as m e a s u r e d  for  tungsten or gold [12]. 

Conclus ive ly ,  t he r e  a r e  s t rong  indicat ions  that 
the s ta te  of the o u t e r - s h e l l  l a rge ly  dominates  X-  
ray  product ion in heavy ion-a tom col l i s ions .  This  
i s  expected to be mos t  inf luencial  a s  one appl ies  
sol id  t a rge t s  in measu r ing  X - r a y  emis s ion  c ro s s  
sec t ions .  More  deta i led  spec t roscop ic  i nves t i ga -  
t ions  might s e r v e  as  a tool to l ea rn  the s ta te  of 
an ion t r a v e r s i n g  a sol id t a rge t .  
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