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Electron capture has been one of the most widely studied atomic co l l i s ion  pro- 
cesses. Capture e i t h e r  controls or plays an important par t  in  the evolution of 
many physical systems, and i t  has proven t o  be one of the most d i f f i c u l t  of 
basic co l l i s ion  processes t o  predict re l iably.  Capture by multicharged ions 
has some unique aspects and i s  of applied importance, so i t  i s  surprising tha t  

e re  were few reported r e su l t s  f o r  the most important low velocity regime 
t i 1  1975. A s ign i f i can t  amount of experimental and theoret ical  work on this 

subject has appeared in the short  time since then, and i t  i s  a d i s t i n c t  pleasure 
t o  be able t o  introduce this Symposium, which I hope will  review those recent 

velopments, indicate  present research endeavors, and allow international 
view of the subject  area. 

The Symposium wil l  be somewhat more narrow i n  scope than indicated by i t s  t i t l e .  
e will concentrate on col l i s ion  veloci t ies  l e s s  than 4 x l o 8  cmjs, where the 
pture cross sect ions a re  la rges t  and where most of the  avai lable  r e su l t s  are 

qui te  recent. We plan t o  deal primarily with those capture processes tha t  have 
the largest  cross _sections and are  of most d i r ec t  applied in t e res t .  For the 
Symposium we have generally taken' "multiply charged" t o  mean i n i t i a l  charge 3+ t or  greater.  One of the important, unique features  of mu1 ti charged-ion capture 
i s  the dominance of capture in to  excited s t a t e s ,  and a s igni f icant  par t  of th i s  
Symposium i s  dedicated t o  the experiments attempting t o  measure capture to  
excited s t a t e s .  I apologize t o  anyone who fee l s  his research is not properly 
represented in  the Symposium. There are  some interest ing new resu l t s  that  did 
not get included, and I believe tha t  anyone interested in t h i s  Symposium 
should a1 so be interested i n  the poster sessions on mu1 ticharged-ion electron 
capture described on pp. 57-59 of the "3rd Notice and Conference Program," and 
the abstracts  of these sessions on pp. 556-608 o f  the "Book of Abstracts of 
Contributed Papers of ICPEAC." 

Table I 6 resents an overview of applications of mu1 ticharged-ion electron 
capture and, through the qual i ta t ive  assessment of a v a i l a b l i l i t y  of information, 
presents the genera1 s t a tus  of our understanding of such c a p t u r d  The table  
may not be complete and represents a s _ ~ b J e c t i y e s ~ e w .  However, i t  is t rue 
t h a t  fusion and astrophysics a re  major applied areas requiring data on 
multicharged-ion electron capture, and i t  is t rue  t h a t  atomic hydrogen 
(deuterium) i s  the most important ta rge t  both f o r  comparison of theory and 
experiments and f o r  d i r ec t  applied needs. While theory has supplied some 
information r e l e v a n t - t o  a l l  of the applied needs, i t  is s t i l l  evolving - 
determining best approximations and assessing r e l i a b i l i t y .  In the velocity 
range 4 x l o 7  t o  4 x 108 cm/s, some recent success i n  the form of agreement of 
theory and experimen$&as-been achieved --  f o r  - spec i f ic  ions col l iding w i t h  atomic 
hydrogen, which Dr. 01 son wi  11 discuss. Beyond these specif ic-  cases w i t h  ' g6dd 
agreement, there  a re  now enough experimental and theoret ical  to ta l  capture 
resu l t s  in t h i s  energy range to  allow some generalizations,  and Dr. Salzborn 
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and Dr. Ryufuku w i l l  present these. 
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Table I .  Applications of Electron Capture by Mu1 ticharged Ions a t  Low Velocity 
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*a = some infomatton, I = incomplete, N = none, x2 = uncertain by factor  of two I 
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According to  Table I there are n6 experimental Pejultg. on excited s ta te  formation, 
I 

bu t  this  i s  true only for  the atomic hydrogen target. 'Some interesting experi- 
mental results on excited s ta te  formation dur ing  capture have been produced for 
rare gas targets, and these will be presented by Dr. de Heer and Dr. Panov. 
Especially for  nonhydrogen targets, coll i s i  ons involving more than one electron 
are observed; examples are multiple electron capture or capture w i t h  excitation 
of the target. For these types of events, experimental results can lead the way 
in providing new problems for  theory, which has concentrated on single electron 
descriptions. 

The least understood region i s  for  velocities below 10"tn/s. Here virtually no 
I 

experimental results exist ,  b u t  theory i s  stimulating our imaginations with >=@- ;. . F 2 . 

predictions which vary by orders of magnitude depending on the specific system. 
Dr. McCarroll will briefly present a recent calculation which i s  typical of 
these results,  and i t  i s  hoped that experimental tests  will be forthcoming. 

In spite of the fact ,  as Table I shows, that  a great deal of experimental work 
yet remains, most of the easy experiments have already been done. The surge of & new results since 1975 was made possible by ion source development (mostly ion 
sources for  cyclotrons). Continuing ion source development wi 11 access higher 
char e states a t  low velocities, b u t  studiej a t  very low velocity ( v  < lo7 
cm/s 1 and studies on state-specific products of captere with hydrogen target 
w i  11 require technical advances in experimentation, not just better ion sources. 
Such experimental advances are in progress, and the future should cohtinue to 
produce exci ting new results . 
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