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The radial motion of a plasma column is considered for electron 
acceleration in a plasma betatron. The limit value of the relativistic 
currents which can be obtained in devices of this type is computed. 

G. L Budker [1] proposed using the runaway effect in a plasma 
with a strong electric field for converting a cold ring plasma into an 
intense compensated beam of relativistic electrons. To confine such 
a beam within an annular vacuum chamber one can use either a beta- 
tron-type magnetic field or the field of the image currents produced 
in the metal shell enc!osing the vacuum chamber with the electron 
beam. In the latter case, as estimates show, the number of accele- 
rated electrons must already be considerable; this leads to an increase 
in the difficulties which impede the successful acceleration of all 
plasma electrons. 

Accordingly, most of the experiments on accelerating plasma 
electrons have employed betatron fields in devices called plasma beta- 
tmns [2-4]. A feature of these accelerators is total compensation of 
the space charge of the accelerated electrons and hence an increased 
possibility of obtaining high accelerated currents. In this article, we 
compute the magnitude of the limit currents which may be obtained 
in a plasma betatron as a function of its parameters and operating 
conditions. 

The first results in this direction, published in 1949 [5], were 
rough estimates. Subsequently, other more accurate calculations were 
published [6], but these, in our opinion, did not give sufficient infor- 
mation on the characteristic quantifies. 

2) The  e q u a t i o n  of r a d i a l  m o t i o n  of a n  e l e c t r o n  is  

d ~ 
Tm - ~ -  Ar~ - -  4~te~n (Ari - -  Ar~) = (2) 

Tmv,~ 2 e%H (t) I OW~n Wte 

H e r e  ~ r  e a n d  ~ r  1 a r e  t he  d e v i a t i o n s  of the  e l e c -  

t r o n -  a n d  i o n - b e a m  c e n t e r s  f r o m  t h e i r  i n i t i a l  p o s i t i o n ,  

H(t) i s  t h e  e x t e r n a l  m a g n e t i c  f i e l d  a t  r a d i u s  r ,  Win i s  
the  b e a m  m a g n e t i c  e n e r g y ,  and  Wte  i s  a s p e c i a l  f o r m  
f o r  t he  a v e r a g e  e n e r g y  of t h e r m a l  m o t i o n  of t he  e l e c -  

t r o n s .  
T h e  a n a l o g o u s  e q u a t i o n s  f o r  ions  h a v e  t he  f o r m  

enl (% + V~ 
M r V ~  - -  ~ c  r~r2H~ (t) 4 2he " L --- O, 

d 2 
M ~-ff hr i  + 4rte2n (Ari  - -  hr~) = 

(3) 

eV~He Wti MVv 2 eV,oH (t) -~ ~ 4 -- (4)  
y c r 

In  o r d e r  to  c o n f i n e  a n  e l e c t r i c a l l y  n e u t r a l  e l e c t r o n  

b e a m  w i t h i n  a n  a n n u l a r  v a c u u m  c h a m b e r ,  i t  i s  n e c e s -  

s a r y  to  c o m p e n s a t e  f o r  r a d i a l  f o r c e s  t e n d i n g  to p r o j e c t  
t h e  b e a m  o u t w a r d .  T h e r e  a r e  s e v e r a l  s u c h  f o r c e s :  

t h e  c e n t r i f u g a l  f o r c e s  of  t he  a c c e l e r a t e d  p a r t i c l e s ,  t he  

e l e c t r o d y n a m i c  f o r c e  a s s o c i a t e d  w i t h  the  m a g n e t i c  e n -  
e r g y  of  t h e  b e a m  a s  a w h o l e ,  and ,  f i n a l l y ,  t h e  p l a s m a  

g a s  p r e s s u r e  o r ,  i f  a t o r o i d a l  m a g n e t i c  f i e l d  i s  u s e d ,  
d i a m a g n e t i c  e x p u l s i o n  of  t he  p l a s m a .  L e t  us  c o n s i d e r  

t he  c o m p e n s a t i o n  f o r  t h e s e  f o r c e s  by  a n  e x t e r n a l  m a g -  

n e t i c  f i e ld ,  i . e . ,  h i g h - c u r r e n t  b e t a t r o n  o p e r a t i o n .  

T h e  e q u a t i o n s  of  m o t i o n  of  t he  e l e c t r o n s  a n d  i o n s  

w i t h  r e s p e c t  to  r a n d  ~ in  a c y l i n d r i c a l  c o o r d i n a t e  

s y s t e m  ( the  z a x i s  c o i n c i d e s  w i t h  t he  b e t a t r o n  ax is}  

a r e  a s  f o l l o w s .  
1) T h e  e q u a t i o n  of m o t i o n  w i t h  r e s p e c t  to  ~0 due  to 

c o n s e r v a t i o n  of g e n e r a l i z e d  m o m e n t u m  f o r  e l e c t r o n s  
i s  

e e n l ( % + V , )  L =  0 
Tmrv~ - -  2no ~tr~ H~ (t) + 2he 

N (.1 = ), (1} 

w h e r e  L i s  t h e  p l a s m a  b e a m  i n d u c t a n c e ,  H~ is  t h e  

a v e r a g e  m a g n e t i c  f i e l d  w i t h i n  a c i r c l e  of r a d i u s  r ,  n 1 

i s  t h e  n u m b e r  of e l e c t r o n s  (o r  i o n s )  p e r  u n i t  b e a m  

l e n g t h ,  v~o a n d  V~0 a r e  t he  v e l o c i t i e s  of e l e c t r o n s  a n d  
i o n s  w i t h  r e s p e c t  to  ~p; t h e  r e s t  of t he  n o t a t i o n  i s  a s  

u s u a l .  

H e r e  H e i s  t he  m a g n e t i c  f i e l d  of t he  e l e c t r o n  b e a m .  

I t  i s  c l e a r  f r o m  e q u a t i o n  (3) t h a t  Vr = v c y m / M ,  i . e . ,  

t h e  ion  v e l o c i t y  w i t h  r e s p e c t  to  ~ in  t he  n o n r e l a t i v i s t i e  

r e g i o n  i s  m u c h  l e s s  t h a n  t h e  e l e c t r o n  v e l o c i t y ;  t h e r e -  

f o r e  i t  c a n  b e  i g n o r e d  in  e q u a t i o n  (1). T h e n  

(5) erH ~ (t) (t. _j_ L \ 

H e r e  l i s  t he  i n d u c t a n c e  p e r  un i t  l e n g t h  of p l a s m a  

c o l u m n .  T h e  l a s t  e x p r e s s i o n  i n d i c a t e s  t h a t  w i t h  i n -  

c r e a s e  in  t h e  n u m b e r  of a c c e l e r a t e d  e l e c t r o n s  (v ~ n 0 

t h e i r  v e l o c i t y  i n c r e a s e s  m o r e  s l o w l y  t h a n  in  a n  o r d i -  

n a r y  b e t a t r o n .  T h i s  i s  due  to  t he  f a c t  t h a t  t he  e x t e r n a l  

e l e c t r i c  f i e l d  i n c r e a s e s  no t  on ly  t h e  k i n e t i c  e n e r g y  of  

t he  e l e c t r o n s  b u t  a l s o  t h e  m a g n e t i c  e n e r g y  of t h e  b e a m  
a s  a w h o l e .  No te  a l s o  t h a t  t he  two  d i f f e r e n t  c o m p o -  
n e n t s  t h a t  m a k e  up t h e  c o l u m n  i n d u c t a n c e  h a v e  d i f f e r -  

e n t  e f f e c t s  on  t h e  e l e c t r o n  v e l o c i t y .  One  of t h e s e  i s  

a s s o c i a t e d  w i t h  t he  b e a m  e x t e r n a l  m a g n e t i c  f lux  a n d  
a t t e n u a t e s  t he  a c c e l e r a t i n g  e l e c t r i c  f i e l d  of t h e  b e t a -  

t r o n  E in  t he  s a m e  w a y  f o r  a l l  e l e c t r o n s .  T h e  o t h e r  

p a r t  of t h e  m a g n e t i c  f lux  p e n e t r a t e s  t h e  c o r e  of t he  
b e a m  w i t h  t he  r e s u l t  t h a t  t he  f i e l d  a t  t h e  c e n t e r  of t he  

b e a m  s e c t i o n  i s  s m a l l e r  t h a n  a t  i t s  e d g e s .  T h e  e f f e c t  
of  t he  e x t e r n a l  p o r t i o n  of t he  f lux  c a n ,  of c o u r s e ,  be  

d e s c r i b e d  b y  m e a n s  of t h e  m u l t i p l i e r  (1 + VIeY-1)-l. 

T h e  e f f e c t  of t h e  i n t e r n a l  p o r t i o n  of  t h e  f lux  c a n  b e  
a l l o w e d  f o r  b y  u s i n g  t he  v e l o c i t y  a v e r a g e d  o v e r  t he  

b e a m  c r o s s  s e c t i o n  in  p l a c e  of the  e l e c t r o n  v e l o c i t y .  
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At sma l l  values  of v (~ << 1), the averaged veloci ty  (or  
e l ec t r i c  field) is equal  to the e l ec t ron  ve loc i ty  at  the 
edge of the beam mul t ip l ied  by (1 - ~ [2T]-l]. T h e r e -  
fore,  the total  change in veloci ty  for sma l l  .17 -~ is de-  
s c r ibed  by exp res s ion  (5) with l = l i + 1/2.  

11=1 

o.1 

~'~ ~l.q ~ 3.3 
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. . . . - - .~  ~.~ 

~ ~.~ 
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F ig .  1.  Radia l  mot ion  of p l a s m a  
b e a m  for  A = 1. The f i r s t  f igures  
on the c u r v e s  m e a n  the following: 
1) B = 0.3 �9 I0-2; 2) B = 1.5 �9 I0-2; 

3) B = 7 �9 10-2: the second f igures  
mean :  1) A v r  = 0; 2 ) A v ~ / c  = 
= i0-3;  3) AV~p/C = 10-2; 4) AVq~/ 

/e = l O  

We now wr i te  an exp res s ion  for the rad ica l  force  
ac t ing  on the e l ec t ron  beam in a be ta t ron  taking into 
account  the i n t r i n s i c  f ie lds .  In doing so, we note that 
Wte r-~ is equal  to mV~er-~ in o rder  of magni tude  and 
for vr >> Vte is negl ig ib ly  sma l l  in compar i son  with the 
cen t r i fuga l  force  r - ~ T m v ~ .  The re fo r e  it wil l  be ig-  
nored  in what follows. Moreover ,  the magni tude of the 
i n t r i n s i c  magnet ic  force of the e l ec t ron  c u r r e n t  is  

N ar : 2 ~ k  H - T - ~ - r )  7 

In this  connect ion,  the r igh t  s ide of equat ion (2) may 
be reduced  to the form 

Using (5), we see that the force F vanishes when 

For  .17 -1 << 1 r e l a t i onsh ip  (7) is t r a n s f o r m e d  into 
the usua l  "two to o n e "  ru le  for be t a t rons ,  while for 
.17 -1 >> 1 it r educes  to the h i g h - c u r r e n t  fo rmula  ob-  
ta ined  for a p a r t i c u l a r  case  by Osovets  in [7]. 
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Fig .  2.  Radia l  mot ion  of p l a s m a  
b e a m  fo r  A = 10. The f i r s t  f ig-  
u r e s  have the s a m e  m e a n i n g  as  
in  F ig .  1. The second f igure  5 
c o r r e s p o n d s  to Av~v/c = 3 �9 10 -2.  

Thus, for motion of the e lec t rons  along a cons tan t -  
r ad ius  orbit ,  the r e l a t ionsh ip  between the a c c e l e r a t i n g  
field E ( ~ H  ~ and the sus t a in ing  field H depends upon 
the n u m b e r  of acce l e ra t ed  e l e c t r o n s . ,  the i r  energy  7, 
and the beam geomet ry  l in the a c c e l e r a t o r .  It is ve ry  
difficult  to sa t i s fy  re la t ionsh i  p (7) for a wide range  of 
values  o f . ,  7, and l.  

As a r e su l t ,  it is of i n t e r e s t  to inves t iga te  the rad ia l  
motion of a beam of e l ec t rons  in an o rd ina ry  be ta t ron  
field. In this case ,  the "two to o n e "  ru le  is sa t i s f ied  
on a c i r c u l a r  o rb i t  of rad ius  R, the field H va r i e s  ac-  
cord ing  to the usual  law H = H0(R/r)nb, and the width 
of the magnet ic  t r ack  is sma l l  in c o m p a r i s o n  with the 
rad ius  R. Then,  le t t ing H = H 0 (1 - nb~ ), where  ~ = 
= ~ r / R  and H ~ = 2H 0 (1 - ~ ) ,  f rom (6) we obtain 

r Ol 

The r ight  s ide of this exp re s s ion  van i shes  at 

~z ( ~ _ ~  (9) 
- -  l - - n b 2 " r  ! - -  I Or/ 

if we ignore  t e r m s  conta in ing  ~ (.l/T). 
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Fig.  3. Radial  mot ion  of p l a s m a  
b e a m  for  A = 100. Same nota t ion 

as  in  F ig .  2. 

This  e x p r e s s i o n  d e t e r m i n e s  the d i sp l acemen t  of the 
equ i l i b r ium orbi t  of the e l ec t ron  beam from the equi -  
l i b r i um vacuum orb i t  in the be t a t ron  for d i f fe rent  va l -  
ues of v, l and 7. It' is c l ea r  that  this  shift  d e c r e a s e s  
in  t ime  as the energy  (i.e., 7) i n c r e a s e s ,  being at its 
max imum when a c c e l e r a t i o n  begins ,  Subst i tut ing the 
ma x i mum p e r m i s s i b l e  value for the d i sp lacemen t ,  the 
halfwidth of the magne t ic  t r ack  A, into equat ion (9), we 
obtain the ma x i mum value of v for which at any mo-  
men t  of t ime  the equ i l i b r ium orb i t  of the e l ec t ron  
beam l ies  within the l imi t s  of the magne t ic  t rack .  

2 h /  Ol ~ - 1  
"~max = ( i - - n b ) T ~ l - - r - ~ r  / �9 (i0) 

F o r A / R :  1/10 ( R / a  ~ i0) ,  n b = 0 . 5 a n d  I : 2  • 
• ( in  (8R/a) - 1.75), Vma x is equal to 2 .10  -2, which 
corresponds to a r e l a t i v i s t i c  e lect ron cu r ren t  of about 
300 A. 

The ac tua l  pos i t ion  of the e l e c t r o n  beam equ i l ib -  
r i u m  orb i t  in the be t a t ron  is no t  d e t e r m i n e d  so le ly  by 
the ra t io  of the i n t r i n s i c  f ie lds  of the beam and the ex-  
t e r n a l  f ields of the be ta t ron .  Yet ano ther  factor  has a 
s ign i f i can t  effect  on the pos i t ion  of the equ i l i b r ium 
orbi t .  It cons i s t s  of the following. 
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I t  i s  k n o w n  t h a t  w h e n  p l a s m a  e l e c t r o n s  a r e  a c c e l e r -  

a t e d  v a r i o u s  i n s t a b i l i t i e s  a p p e a r ,  a s  a r e s u l t  of w h i c h  

v a r i o u s  p l a s m a  o s c i l l a t i o n s  a r e  e x c i t e d .  H e r e ,  t he  
e n e r g y  of  the  o s e i I l a t i n g  f i e l d s  i s  t a k e n  f r o m  t h e  e n -  
e r g y  of d i r e c t e d  m o t i o n  of t he  e l e c t r o n s ,  s o  t h a t  t he  

e l e c t r o n  v e l o c i t y  ue  d e c r e a s e s  b y  s o m e  v a l u e  Au e.  We 
s h a l l  a s s u m e  b e l o w  t h a t  A % / u r  << 1 in a l l  t h e  c a s e s  

c o n s i d e r e d .  

E l e c t r o n - o s c i l l a t i o n  i n t e r a c t i o n  t a k e s  p l a c e  a t  v e -  

l o e i t i e s  w h i c h  do  n o t  e x c e e d  t h e  m a x i m u m  p h a s e  r e -  

l o c i t i e s  of t he  p l a s m a  w a v e s .  H e r e ,  o n l y  p o t e n t i a l  
p l a s m a  w a v e s  a n d  w a v e s  a s s o c i a t e d  w i t h  t r a n s v e r s e  

b e a m  d e f l e c t i o n  a r e  c o n s i d e r e d ,  s i n c e  i t  i s  p r e c i s e l y  

t h e s e  o s c i l l a t i o n s  w h i c h  a r e  the  m o s t  d a n g e r o u s  [1]. 
The  m a x i m u m  p h a s e  v e l o c i t y  of  t he  p o t e n t i a l  w a v e s  in 
a n  u n b o u n d e d  c y l i n d r i c a l  p l a s m a  is  of t he  o r d e r  of 
2cr  ~ / 2 . 4 ,  i . e . ,  r o u g h l y  s p e a k i n g ,  a p p r o x i m a t e l y  a n  

o r d e r  l e s s  t h a n  t he  s p e e d  of l i g h t  in  the  c o n d i t i o n s  of 

i n t e r e s t  (u ~ 10-2). T h e  m a x i m u m  p h a s e  v e l o c i t y  of 

t h e  s p i r a l  d e n s i t y  w a v e s  in a p l a s m a  w i t h  a t o r o i d a l  

m a g n e t i c  f i e l d  H e i s  47renRC(H~) -1, w h i c h  a l s o  c o m -  
p r i s e s  r o u g h l y  1 / 1 0  t he  s p e e d  of I i g h t  u n d e r  p l a s m a  

b e t a t r o n  c o n d i t i o n s .  T h u s ,  t he  a p p e a r a n e e  of a ~lJ~0 

f o r  e l e c t r o n s  (wh ich  we  s h a l l  r e f e r  to  a s  t he  " d e t u n -  
i n g " )  i s  o b s e r v e d  a t  t he  v e r y  b e g i n n i n g  of a c c e l e r a -  

t i on ,  u n t i l  t h e  e l e c t r o n s  a c q u i r e  a n  e n e r g y  of  5 - - 1 0  

keV.  F o r  t he  s a k e  of s i m p l i c i t y ,  we s h a l l  a s s u m e  t h a t  

t h i s  d e t u n i n g  is  p r e s e n t  f r o m  t h e  v e r y  b e g i n n i n g  of a c -  

c e l e r a t i o n .  I t  w i l l  b e c o m e  c l e a r  t h a t  t h i s  a s s u m p t i o n  
d o e s  no t  s e r i o u s l y  a f f e c t  t h e  f i n a l  r e s u l t s .  

A new  e x p r e s s i o n  f o r  t h e  e l e c t r o n  v e l o c i t y  is  o b -  

t a i n e d  f r o m  e q u a t i o n  (1); in  t he  p r e s e n c e  of a d e t u n i n g  

er H ~ (I @ .... -I ro 
v~ = 2~mc ~ ) - -~ -  A~'~, (11) 

w h e r e  r 0 is  the  l o c a t i o n  of t he  c e n t e r  of t h e  e l e c t r o n  

b e a m  w h e n  d e t u n i n g  a p p e a r s .  S u b s t i t u t i n g  i n to  (2) f o r  

t h e  b e t a t r o n  f i e ld ,  we o b t a i n  

d~ 4re in  (~i - -  ~,) = (12) 
ym dt~ 

e~Ho~(t) r,. vZ (j _ ,' o l ~ ]  ~Lro(t)~% 
...... ~;? , : - [ (~  - - n , , ) ~ ,  § 7 ~ / / - -  ~e ? 

In o r d e r  to  a n a l y z e  e q u a t i o n  (12) f u r t h e r ,  i t  i s  n e c -  

e s s a r y  to c l a r i f y  the  r e l a t i o n s h i p  b e t w e e n  t he  f o r c e s  

. a c t i n g  on t h e  e l e c t r o n  b e a m .  T h u s ,  w h e n  t h e  e l e c t r o n  

b e a m  is  d i s p t a e e d  w i t h  r e s p e c t  to  t he  ion  b e a m ,  a p c -  

l a r i z a t i o n  f i e l d  a p p e a r s  o b s t r u c t i n g  t he  f u r t h e r  r a d i a l  

m o t i o n  of the  e l e c t r o n s .  T h e  s e p a r a t i o n  of t he  ion  a n d  

e l e c t r o n  b e a m  c e n t e r s  c a n  e a s i l y  b e  o b t a i n e d  f r o m  (12) 

f o r  Se = 0 a n d  ~i = 0. F o r  z e r o  d e t u n i n g ,  t h e  s h i f t  i s  

e q u a l  to  

Ar a " ;~ - - t  ! {] r Ol ) 
, ,  : :  z~ " :,,~ 8, --~ - O r - '  (13) 

where a is the radius of the plasma column. Since 

a/R << 1 and 
7 2 - - t  1 ( 1 - -  r Of \ J "  "i 

7 '~-- -8 . l Or /' ~': 

t h e  b e a m  s e p a r a t i o n  t u r n s  ou t  to  be  v e r y  s m a l l  a t  a l l  

s t a g e s  of a c c e l e r a t i o n ,  p a r t i c u l a r l y  in  t he  n o n r e l a t i v -  

i s t i c  r e g i o n  w h e n  72 ~ 1. T h i s  m e a n s  t h a t  t he  e l e c t r i c  

p o l a r i z a t i o n  f i e l d  a c t s  on  the  b e a m  m u c h  m o r e  s t r o n g l y  

t h a n  d o e s  the  m a g n e t i c  f i e l d  of t he  b e t a t r o n .  In a d d i -  

t i on ,  i t  t u r n s  ou t  t h a t  the  b e a m  s e p a r a t i o n  d o e s  no t  d e -  

p e n d  upon  the  b e a m  d e n s i t y ,  w h i c h  is  a l s o  q u i t e  n a t u -  
r a l .  A n a i y s i s  s h o w s  t h a t  Eq .  (13) a l s o  r e m a i n s  v a l i d  

f o r  s m a l l  e l e c t r o n  v e l o c i t y  s h i f t s .  
T h u s ,  the  b e t a t r o n  f o r c e s  a c t i n g  on t he  e l e c t r o n  

b e a m  t h r o u g h  t h e  p o l a r i z a t i o n  f i e l d  a r e  a p p l i e d  to t he  
i o n s .  A f t e r  a n u m b e r  of f o r m a l  o p e r a t i o n s ,  t he  e q u a -  

t i o n s  of r a d i a !  m o t i o n  of i ons  and  e l e c t r o n s  a r e  o b -  

t a i n e d  in t he  f o r m  

elto (t) 5 %  (14) 

Rc 

'rm, ( A b  + o~JAL) = O. (15) 

E l e c t r o n  o s c i l l a t i o n s  t a k e  p l a c e  a b o u t  the  e q u i l i b -  

r i u m  p o s i t i o n  } e0 = ~ i + A~ e0, w h e r e  A~e 0 i s  d e t e r m i n e d  
f r o m  Eq .  (13). 

T h e  f r e q u e n c y  of  t h e s e  o s c i l l a t i o n s  a l m o s t  c o i n -  

c i d e s  w i t h  t he  p l a s m a  f r e q u e n c y ,  w h i l e  t h e  a m p l i t u d e  

i s  e q u a l  to  A} e0. 
T h e  t o t a l  r a d i a l  m o t i o n  of the  p l a s m a  c o l u m n  is  

We i n t r o d u c e  a new  v a r i a b l e  a n d  g i v e n  b y  Eq .  (14). 

c e r t a i n  n o t a t i o n :  

eEct 
, [  . - -  

f~?og 
e~to" (O R , A  ~- m { mc2 ~ s 

. . . . .  mc~ -~f  \clOt{ / ' 

r Ol \ 

Then Eq. (14) is written in the form 

T 2 T2 
....... ~r_s (16) 

C 

Figures i-8 give numerical solutions of Eq. (16) for A = 100, i0, 

and i, which corresponds roughly to the acceleration of argon-plasma 

electrons in fields of I0, 80, and i00 V/cm. The values B = 7 �9 i0 "2 , 

i. 5 �9 10 -2, and 0.8 �9 10 -2 correspond to relativistic currents of 700, 

170, and 35 A~ The radius of the vacuum chamber is taken to be 
20 cm0 n b=  0.5, a n d l =  2( ln (8R/a) - -  1.75) -~ 8.1. The magnitude 
of AVe is shown in Figs. 1-3. The initial position of the beam is 
taken to coincide with the vacuum betatron orbit. 

As is clear from Figs. 1-3, the escape of electrons to the walls of 
the vacuum chamber as a result of detuning for A = 1 and 10 takes 
place at energies above 150 keV. This is much greater than the energy 
at which the electrons interact with the oscillations. Therefore, in the 
cases mentioned, the assumption about detuning being present from 
the very beginning of acceleration is completely justified. For A = 100, 
the energy of electrons escaping to the wall is 30-60 keV. Evidently, 
under actual conditions, with these parameters the escape of electrons 
takes place somewhat later than indicated by Eq. (lg). 

The results of integrating Eq. (16) show that allowance for ion 
inertia leads to a significant increase in the maximum current in the 
plasma betatron. 

This is explained by the fact that the equilibrium orbit of the 
beam approaches the vacuum orbit ever more closeiy with increase 
in electron energy'. At the same time, the ions cannot move rapidly 
enough owing to their greater mass. While the necessary ion shift 
takes place, the electron equilibrium orbit can approach quite close 
to the vacuum equilibrium orbit. 

From the form of the curves in Figs. 1-3 we can draw the con- 
clusion that the equilibrium orbit of the plasma beam is stable for the 
selected parameters. Analysis of Eq. (12) also icads to a similar con- 
clusion. 
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We g i v e  an e x p r e s s i o n  for  n b e n s u r i n g  p l a s m a  beam 
s t a b i l i t y  with r e s p e c t  to both r and z, omi t t ing  the s i m -  
ple  computa t ions :  

[ t  q--Z- , ,  on ~ l ( t +  "~ oz 1]-~ _ (17,) z or , ) ] [  1 + ~ -  -F-~-~/j <- 

n b < 0  . 

In conc lus ion  we note the fol lowing.  The e l e c t r o n -  
beam induc tance  i s  a s s u m e d  to be cons tan t  dur ing  the 
en t i r e  a c c e l e r a t i o n  cyc l e .  Ac tua l ly ,  this  a s s u m p t i o n  
is  only va l id  when a su f f i c ien t ly  s t r o n g  t o r o i d a l  m a g -  
ne t ic  f ie ld  H e is  used (of the o r d e r  of 500 Oe). Here ,  if 

(which a lways  holds  in ac tua l  condi t ions) ,  the equa-  
t ions  of r a d i a l  mot ion  of the ions do not change;  t h e r e -  
f o r e  the obta ined  r e s u l t s  wi l l  a l so  be va l id  for  b e t a -  
t r o n s  with a longi tud ina l  magne t i c  f ie ld .  The e l e c t r o n  
mot ion  changes  somewhat :  i n s t e ad  of o s c i l l a t i o n s  with 
r e s p e c t  to r about  the equ i l i b r ium pos i t ion  a t  the 
p l a s m a  f requency ,  we ge t  ro t a t ion  in the z r  p lane about  
the point  } i + A} e0 at  the f r equency  4~rencHe-1. 

The au thor  thanks A. E. Bazhanov for  his help in 
i n t e r p r e t i n g  Eq. (16). 
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