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SPECTRUM OF CHARGE EXCHANGE NEUTRALS FROM ROTATING PLASMA 

M.P. Ryutova. 

I n s t i t u t e  o f  NucZem Physics, Novosibirsk, U.S.S.R. 

I n  r o t a t i n g  plasma experiments (see,  
e.g., /I-3/) i t  o f ten  happens t h a t  the  
ions  a r e  produced i n  a  device only due t o  
ion iza t ion  of n e u t r a l  gas  i n  the  crossed 
e l e c t r i c  and magnetic f i e l d s  (and. the re  

a r e  no o ther  ion sources,  say, ex te rna l  
in jec t ion) .  Since the  ions produced from 
cold n e u t r a l  p a r t i c l e s  by the  e lec t ron  
impact have a  neg l ig ib ly  small energy a t  
the  i n i t i a l  moment, t h e i r  f u r t h e r  motion 
is described by t h e  formulae: 
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where E (r) is a  r a d i a l  e l e c t r i c  f i e l d ,  H 
is a  homogeneous magnetic f i e l d  (di rected 

t h e  f a s t  n e u t r a l  a r i s e s ,  which has  j u s t  
t h e  same momentum a s  the  i n i t i a l  ion. I n  
a s u f f i c i e n t l y  dense plasma, the  f a s t  
n e u t r a l  has some probab i l i ty  t o  be ioni-  
zed again by e lec t ron  impact o r  by charge 
exchange with plasma ion before reaching 
t h e  plasma boundary ( i n  both cases  the  
i n i t i a l  momentum of t h e  ion appeared is 
near ly  the  same a s  the  n e u t r a l  momentum). 
This leads  t o  the  formation of t h e  ions 
wi th  non-zero i n i t i a l  v e l o c i t i e s .  We c a l l  
them "second generation" ions  ( i n  con t ras t  
t o  t h e  " f i r s t  generation" ions  which a r e  
produced by e lec t ron  impact ion iza t ion  
from cold . n e u t r a l s  and move according 
t o  eq.(?)). 

along t h e  z-axis, see ~ i g . l ) ,  aL is Lar- Let us f i r s t  consider the  p roper t i e s  
mor frequency of ions- It is assumed t h a t  of charge exchange n e u t r a l s  produced from 
the  Larmor rad ius  of ion equal t o  ~ E / H W L  t h e  first g e n e r a t i o n  ions. Using eq.(?), 
5s n e g l i g i b l e  a s  compare3 t o  t h e  scale- i t  is easy t o  show t h a t  the  d i s t r i b u t i o n  
l eng th  of a  r a d i a l  e l e c t r i c  f i e l d  which funct ion of f a s t  n e u t r a l s  r eg i s te red  by 
is u s u a l l ~  O f  t he  order  of t h e  Plasma ra- a d e t e c t o r  w i l l  be the  following: 
dius.  Since the ion iza t ion  moments to a r e  
d i s t r i b u t e d  randomly, the  d i s t r i b u t i o n  of 
ions  over t h e  phaselysbJL(t-Qis a l s o  random. 

A s  seen from eqs.(l) ,  the  absolute  
value of ion ve loc i ty  V ( ~ J Z  J '  
l i e s  wi thin  the  l i m i t s  from zero  ( \ Y =  0 , 
2a) t o  VO(~)=~G/E[~)/H\ ( y = $  1- 

On the  o ther  hand, i n  off-axis measu- 
remente of charge exchange n e u t r a l s  (Fig.1) 
t h e  n e u t r a l s  with maximum energy exceeding 
max r" W~k)(where  ~ , [ r ) s  ~ ~ . l ( r ) / 2 )  a r e  o f ten  

where no\r) and n(7) a r e  the  d e n s i t i e s  of 
n e u t r a l s  and ions  respect ively ,  a,(w) is 
t h e  resonant charge exchange cross  sec- 
t i o n , n ( r ) = c € ( r ) / r ~  is  the  angular d r i f t  
frequency, and $3 i n  (2)  i s  considered a s  
a  funct ion o f W ,  defined by the  following 
re la t ionsh ip :  

det'ected, while a t  small  energies  the spe- From formulae (2) and ( 3 )  i t  follows 
ctrum of n e u t r a l s  is l imited not  by ze ro  a n  important f o r  the  experiment conclu- 
but by a  f i n i t e  quant i ty  which is l.5+2 s i o n  t h a t  i n  the  case of "hard-body" ro- 
times smal ler  than ~ F L  W o  o 1x1 t h e  eme- t a t i o n ,  w h e n n ( i ) = c ~ n i t ,  d ~ / d ~  is of the  
sen t  paper a  simple explanation of these form of a  delta-funet i o n : d l / d ~ c n  &[w- w&]; 
f e a t u r e s  of the n e u t r a l  spectrum is  given* dev ia t ion  of dr /dbf! from SJ delta-funct ion 

A s  i s  well  known, i n  a  resonant charge is a  measure of plasma motion devia t ion 
exchange event of a  f a s t  ion on a  n e u t r a l  
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from hard-body ro ta t ion .  
The f o m  of t h e  func t ion  ~ L / W  i n  the  

cases  when A(r) monotonely increases  and 
monotonely decreases  wi th  rad ius  is shown 
q u a l i t a t i v e l y  i n  Fig.2. The p e c u l i a r i t y  of 
the  case c o n s i s t s  i n  the  presence of the  
roo t  s i n g u l a r i t y  on the  lower ( i n  t h e  
first case)  and upper ( i n  the  second case)  
ends of the  i n t e r v a l  where dT/dw d.if- 
f e r s  from zero. This makes i t  poss ible  t o  
f i n d  read i ly  the d i r e c t i o n  of v a r i a t i o n  
of the  funct ion fl \r) from experimental 
data. 

Thus, considerat ion of the  first ge- 
ne ra t ion  ions al lows us t o  expla in  the  
presence of a lower bound.ary of t h e  energy 
spectrum of charge exchange neu t ra l s ,  A s  

t o  upper boundary, i n  t h i s  case i t  cannot 
of course l i e  above m;%Wc(r). 

For explanation of the  f a s t  n e u t r a l s  
formation we have t o  inves t iga te  t h e  d i s -  

t r i b u t i o n  funct ion of the  second genera- 
t i o n  ions. The number of these  ions is de- 
termined by t h e  r a t i o  of ion iza t ion  l eng th  
hi t o  plasma r a d i u s  R . Usually i n  ex- 

periments the  condi t ion hi>> i s  f u l f i l -  
l e d  ( the  case when hi4< R is discussed 
i n  /+/I. 

Let t h e  n e u t r a l ,  produced a t  r ad ius  
from the  ion of first generat ion and 

moving a t  t h i s  moment a t  an angle d with 
respect  t o  e l e c t r i c  f i e l d ,  be ionized 
again a t  r a d i u s  C* . Then t h e  ve loc i ty  of 
thus produced second generat ion ion chan- 
ges  wi th  time according t o  

"C where 
I 

n\r6) u = J.& ~1 t-v?(r)[i - = ] s i ~ i '  
(5) 

\y = W L ~  + ~ O n & t  
Using these  formulae, one can f i n d  the  
d i s t r i b u t i o n  func t ion  of neu t ra l s ,  produc- 
ed by charge exchange from second genera- 
t i o n  ions. However, these  ca lcu la t ions  a r e  
too cumbersome, and we s h a l l  r e s t r i c t  our- 
s e l v e s  only by reveal ing of t h e  maximum 
value of the  energy of t h e  second genera- 
t i o n  ions. Prom expressions (4). one can 
see ,  t h a t  t h e  maximum (over y/ ) value of 
t h e  ion v e l o c i t y  is 

w Detector 
Fig. 1 

Fig. 2 

I n  t h e  case of "hard-body" r o t a t i o n  
t h e  second generat ion ions  have the  same 
d i s t r i b u t i o n  funct ion a s  the  first genera- 
t i o n  ions,  i.e. acce le ra ted  p a r t i c l e s  do 
n o t  appear. The most obvious s i t u a t i o n  i n  
which acce le ra ted  ions  appear, is t h e  fo l -  
lowing: vo(r) is t h e  non-decreasing func- 
t i o n  of radius ,  ~z.(r) is  the  decreasing 
one, Let, f o r  example, vo (I-) be independ- 
e n t  of r ( t o  judge by the  r e s u l t s :  of the  
paper /3/, Vo can be constant in a qu i te  
l a r g e  region). Then, from eqs. (5)-(6) i t  
i s  easy t o  obta in  t h e  maximum energy of 
t h e  second generat ion ions,  which is  equal 
t o  w ~ C ~ + - @ J / Z  , i.e. i t  i e  about 5 
t imes higher  than Wo . One can g ive  some 
examplee i l l u s t r a t i n g  an even more not ice-  
a b l e  gain,  
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