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A considerable s imp l i f i ca t ion  i n  t h e  desc r ip t ion  

of  t he  coll is ionally-produced inner-she l l  i on i za t ion  

process is  poss ib le  i f  t he  p r o j e c t i l e  (M > Me) is  

"s t ruc ture less"  Ci.e.; c a r r i e s  no e l ec t rons  i n t o  t he  

c o l l i s i o n )  'and has  a v e l o c i t y  much g r e a t e r  than t h e  

v e l o c i t y  of t h e  e l e c t r o n  i n  the s h e l l  t o  b e  ionized  

(Yproj ?? Ykv f o r  t h e  K s h e l l ) .  Straightforward 

measurements of t he  K X-ray y i e l d  can be converted t o  

t o t a l  i on i za t ion  c ros s  s ec t ions  which then can b e  com- 

pared t o  a very simple t h e o r e t i c a l  expression v a l i d  

f o r  t h e  asymptotic region.' A s  o r i g i n a l l y  derived by 

Bethe Cfor r e l a t i v i s t i c  p a r t i c l e s ) ,  t h e  t o t a l  i on i za t ion  

c ros s  s ec t ion  ak, is: 

where Z1(Z2) is the p r o j e c t i l e  ( t a r g e t )  charge, 0 t he  

t a r g e t  screening constant ,  T is the  p r o j e c t i l e  k i n e t i c  

energy sca led  by &/M, R is  the  K-shell binding energy, 

and y2 = B2I(l  - B2), B = VIC.  The quan t i t y  M~~~~ i s  

the  sum of t h e  d ipo le  matr ix  elements squared f o r  

i on i za t ion  and e x c i t a t i o n  (although t h e  l a t t e r  doesn' t  

con t r ibu t e  much) from t h e  K s h e l l ,  and CTOT is  a para- 

meter associa ted  with t he  energy t r a n s f e r  during t h e  

c o l l i s i o n .  Thus, i n  a high-energy, bu t  no t  appreciabzy 

r e l a t i v i s t i c  regime, t he  shape of t h e  measured t o t a l  

i on i za t ion  c ros s  s ec t ion  over a wide energy range should 

tend toward a RnE/E f a l l -o f f  with increas ing  bombarding 

and energy (E) according t o  t he  Bethe theory.  

A s t r a i g h t  l i n e  f i t  t o  a p l o t  of ( ~ / ~ ) a ~ /  (8na; z12/ 

z * ~ )  v s  Rn(y2 - p2) i n  t h i s  region enables one t o  

d i r e c t l y  determine qOT and CTOT, and thereby cons t r a in  

ca l cu l a t i ons  of t he  d ipole  matrix elements i n  t h i s  

atomic region.  These d ipo le  matr ix  elements i n  t u r n  

a r e  important i n  t he  deduction of o s c i l l a t o r  s t r eng ths  

and o the r  s a l i e n t  f ea tu re s  of  t he  i on i za t ion  process.  1 

I n  add i t i on ,  c e r t a i n  of t h e  approximate t heo r i e s  used 

i n  descr ib ing  d a t a  obtained a t  lower bombarding ener- 

g i e s ,  should asymptot ica l ly  approach the  Bethe pre- 

d i c t i o n s  i n  t he  h igh  v e l o c i t y  l i m i t .  Cross-section 

measurements f o r  a range of t a r g e t s  a t  r e l a t i v e l y  high 

energies  thus provides a check on t h e  a p p l i c a b i l i t y  of 

Bethe theory  a s  wel l  a s  a normalizat ion f o r ,  and t e s t  

o f ,  t h e  energy dependence predic ted  by approximate 

t heo r i e s  used more extens ive ly  a t  lower r e l a t i v e  

v e l o c i t i e s .  

Only a handful  of measurements with p r o j e c t i l e s  

heavier  than t h e  e l ec t ron  have been made i n  t he  asymp- 

3 t o t i c  region3'4 mostly on low-Z t a r g e t s  . We have 

proposed t o  measure K-shell X-ray c ros s  s ec t ions  f o r  

s e l ec t ed  t a r g e t s  from oxygen t o  calcium. Proton bom- 

barding energies  w i l l  range from 30 t o  200 MeV and thus 

s i g n i f i c a n t l y  probe the  energy dependence and the  be- 

havior i n  t h e  asymptotic reg ion  f o r  a number of 

d i f f e r e n t  t a r g e t  Z ' s  (V /Vk$ 15 ) .  Prel iminary t e s t s  
p r o j  

w i t h  low-background condi t ions  have been made i n  t he  

"gamma cave". A Kevex Si(Li)  de tec tor5  30mm2 x 3mm was 

operated i n  e s s e n t i a l l y  a windowless mode; a 8000 

Parylene window kept  pump o i l  from condensing on the  

de t ec to r  w i th  v i r t u a l l y  no a t t e n a t i o n  of t he  lowest  

energy X-rays. The de t ec to r  assembly and col l imat ing  

s l i ts  were a t tached t o  t he  standard s c a t t e r i n g  chamber 

a t  13S0 t o  t h e  beam d i r ec t ion .  A t  a proton bombarding 

energy of 195 MeV, e l e c t r o n i c  no i se  and beam-related 

low-energy backgrounds could be  reduced to  <, 350 eV. 

Thus, oxygen X-rays were seen t o  be  c l e a r l y  resolved 

from low-energy background i n  s eve ra l  t e s t  runs proving 

t h e  f e a s i b i l i t y  of  t h e  experiment a s  proposed: Further 

tests of t h e  de t ec to r  e f f i c i ency  f o r  low-energy X-rays 



a r e  planned before  in-beam data-taking w i l l  procede. 
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