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The  phenomenon  o f  non l i nea r  s tab l l i za t i on  o f  beam ins tab i l i t y  i n  a  p lasma

was  f l r s t  i - nves t i ga teO i f l uo re t i ca f  1y  by  Shap i ro  and  Tsy tov i ch  [ 1 ]  '  I t  was  shown

tha t  non l_ inea r  "ud i " t " i bu t10n  o f  t he  no i se  ove r  t he  spec t rum can  l ead  to  an

e f fec t i ve  remova l -  o f  t he  no i se  f r om the  phase -space  reg ion  co r respond ing  to

che renkov  resonance  be tween  the  waves  and  the  beam pa r t i c l es .  As  a  resu l t ,

quas l l - i nea r  re l -axa t l on  o f  t he  beam 1s  e i t he r  nonex i s ten t  o r  much  s lower  t han

expec ted  r rom the  es t ima tes  o f  t he  l - i nea r  t heo ry ;  t he  beam dece le ra t i on  l eng th

in  t he  p lasma  i s  acco rd ing l y  i nc reased .

unde r  t he  cond i t i on  o f  mos t  p lasma-beam expe r imen ts ,  t he  p r l nc ipa l  non l i n -

ea r  p rocess  1s  t he  sca t te r i ng  o f  Langmu l r  waves  by  t he  p lasma  l ons '  We  no te

tha t  t he  i nduced  sca t te r l ng  unde r  t he "  cond i t i ons  o f  weak  tu rbuJence  has  no t  been

obse rved  expe r imen ta l l y  so  f a r  -  t he re  a re  on l y  seve ra l  e f f ec t s  t ha t  can  be

a t t r i b u t e d  t o  s u c h  a  P r o c e s s .

we ean assume the  foJ- lowing  cond i t ions  to  be  sa t is f ied  in  our  exper iments :
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where  e  i s  t he  bean -pa r t i c re  ene rgy ,  and  the  re_ma ln ing  symbo ls  a re  s tanda rd '

U n d e r  c o n d i t i o n  ( i ) , ' t i r "  p r i n c i p a l n o n l i n e a r  e f f e c t  i s  w a v e  s c a t t e r i n g  b y  t h e

ions ,  and  l eads  to  i  r e f l ec t i on  o f  t he  wave  w l th  neg l i g l b te  momen tum loss  l z f : '
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u e . _
w h e r e  n t i s  t h e  b e a m  d e n s i t y  a n d  A e  i s  i t s  e n e r g y  w i d t h ,  a n  e f f e c t i v e  s t a -
b i l i z a t i o n  o f  t h e  l 4 s t a b i l i t {  

P u c o r T r e S  p o s s i b l e  . -  I t  i s  n e c e s s a r y  f o r  t h l s  p u r -pose  tha t  t he  wave  i i ?  de f i ned  by  cond i t i on  (2 )  no  l onge r  be  a t  r esonance  w i th
the  bea rn  pa r t i c l es .  The  cond l t i ons  f o r  non l - l nea r  s tab i l l za t i on  can  be  sa t l s -
f i ed  i n  bes t  f ash ion  by  t he  fo l l ow ing  o rgan i za t l on  o f  t he  expe r i nen t .

Assume tha t  two  coun te rmov ing  e lec t ron  beams  a re  i nJec ted  l n to  t he  p lasma
The  ene rgy  o f  each  o f  t hem sa t i s f i es  t he  cond i t i _on  (1 ) ,  , r r d  i h "  ene rgy  d i f _f a r e n  n a  J  <

( r  -  (  t
- ' - . -_--  - r r5 ,
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where  6  i s  de f l ned  by  cond i t i on  (2 ) .  Then  the  beam w i th  h ighe r  ene rgy  p roduces
in  t he  p lasma  no l se  t ha t  s tab l l i zes  e f f ec t i ve l y  t he  o the r  nJam.  S ince  the
e lec t ron  tempera tu re  (ano  a1 t  t he  more  the  1on  tempera tu re )  1s  de te rm lned  on l y
ve ry  app rox ima te l y  1n  p lasma-beam expe r lmen ts ,  t he  va lue  o f  6  co r respond lng  to
t h e  b e s t  s t a b l l i z a t l o n  m u s t  b e  c h o s e n  b y  e x p e r i m e n c .

lr aI/

F i g .  2 .  L o n g i t u d i n a l  e l e c t r o n
ene rgy  d i s t r i bu t l on  f unc t i on  i n
the  bes t  beam as  1 t  l eaves  the
p lasma :  a )  eu rve  I  -  w i t hou t
s t a b i l i z i n g  b e a m ,  c u r v e  2  -  w i t h
s t a b l l i z l n g  b e a m .  T e s t  b e a l n  c u r -
r e n t  B  A ,  e n e r g y  1 2  k e V ,  s t a -
b i l i z i n g - b e a m  c u r r e n t  B  A ,  e n -
e rgy  13  keV ;  b )  t he  same fo r  a
t e s t  b e a m  c u r r e n t  5  A .

Expe r lmen ta l  Se tup

The  expe r imen ta l  se tup  j _s  shown  1n
F ig .  1 .  T t re  magne t l c -m i r ro r  f i e l d .  con -
f i gu ra t i on  was  p roduced  by  two  pa i r s  o f
c o i l s  w l t h  d i s t a n c e  8 5  c m  b e t w e e n  t h e i r
c e n t e r s .  T h e  m a g n e t l c  f i e l _ d  i n t e n s l t y
was 5 kOe in the mlr rors and I  kOe in the
cen t ra l -  pa r t .  The  res ldua l  vaeuum in  t he
c h a m b e r  w a s  1 0 - 6  n m  H g .  A  t l t a n l u m  p l a s -
ma  i n j ec to r  p laced  i n  t he  cen t ra l  pa r t
o f  t he  appa ra tus  pe rpend ieu la r  t o  t he
masne t i e  f l e l  d  was  used  to  f l  1 ' l  J : hc  t r ' : nu l l s  v L  a y

wi th  co l -d  hyd rogen  p lasma  to  a  concen -
t r a t i o n  ( 2  -  5 )  "  1 O - '  c m - 3 .  T h e  e l e c -
t ron  guns  EP- l_  and  EP-2  were  p laced  on
oppos i t e  ends  o f  t he  i ns ta l_ l_a t i on  beh ind
the  m i r ro rs .  The  beam cu r ren ts  and  the i r
ene rg ies  cou ld  be  va r l ed  l n  a  w ide  ranee
' l - a  a l . r + ^ J . .  ^ ^ + {uv  vu  ud r r r  wy  u r r0a l  ope ra t l ng  cond i t i ons  .
The  du ra t i ons  o f  t he  cu r ren t  pu l ses  f r om
E P - l  a n d  E P - 2  w e r e  2 5 0  a n d  1 J O  U s e c ,  r e -
s p e c t i v e l y .  T h e  e f e c t r o n  g u n  E p - l  a n d
the  p lasma  i n jec to r  we re  t u rned  on  s imu l -
t a n e o u s l y ,  w h i l e  E P - 2  w a s  t u r n e d  o n  w l t h
a  d e l a y  o f  1 0 0  o r  1 0 0  U S e c .  T h i s  h a s
m a d e  1 t  p o s s i b l e  t o  i n j e e t  t h e  E P - 2  b e a m
i n t o  a  p l a s m a  w i t h  a  h i g h  1 e v e l  o f  o s c i l -
l a t l o n s  e x c i t e d  b y  t h e  E P - l  b e a m  i n  t h e
fo rmer  c&se  r  and  i n to  a  p lasma  w i th  a
the rma l  no i se  ] eve l -  i n  t he  l a t t e r  case .
A  m u l t i g r i d  e l - e c t r o s t a t i c  p r o b e ,  w l t h
wh ich  the  d i s t r i bu t i on  f unc t l ons  cou ld
b e  p l o t t e d  w i t h i n  a  s i n g l e  d i s c h a r g e
p u l s e  [ J ] ,  w a s  u s e d  t o  d e t e r m i n e  t h e
long i t ud ina l -ene rgy  d i s tn lbu t l on  i n  t he
e lee t ron  beam f rom EP-2 .  I n fo r4g t i on  on
t h e  h e a . t ' i  n g  6 f  { - 1 - r a  n ' l a c m e  n a n { - { C l e S  W a Su v + r r b  v  r  v r r v  y l \ * v r ' . s  y s !  v !

ob ta ined  f rom d lamagne t i c  measu remen ts  .
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The  p lasma  concen t ra t i on  was  mon i -
t o red  w i th  m ic rowave  i n te r fe rom-
e t e r s  a t  w a v e l e n g t h s  0 . 8  a n d  3  c m .

Measurement  Resul- ts

The  beam s tab i l i za t i on  i n  t he
p l a s m a  w a s  o b s e r v e d  d l r e c t l y  b Y
measu r i ng  the  l ong i t ud ina l -ene rgy
d i s t r i bu t i on  f unc t l ons  o f  t he  beam
p a r t i c l e s .  I n  o u r  e x P e r i m e n t s  w e
used  t v to  oPPos l t e lY  mov ing  beams
i n j e c t e d  i n t o  t h e  p l a s m a  a l o n g  t h e
magne t i c  f i e l d  1n  the  t ime  sequence
l n d i c a t e d  a b o v e .  A t  d i f f e r e n t
f i x e d  c u r r e n t s  o f  t h e  t w o  b e a m s ,
we  ob ta ined  the  oP t lma l  ene rgY
r a t l o s  o f  t h e  s t a b i l i z i n g  a n d  t e s t
beams .  I t  t u rned  ou t  t ha t  t he
s t a b i l - l z a t i o n  e f f e c t  i s  m o s t  c l e a r -
' l  r r  n n n n n r r n n a r l  r ^ r \ g n  t h e  b e a J I I  e n e f -L J  y r v r r v q r r v v s  , ! r

g les  a re  nea r l y  equa l - ,  and  the
FnerEv  d i f f e rence  does  no t  exceedv l r v  r  o r '

( t  -  z )  t<eV a t  a  s tab i l - l z lng-beam
energy  13  keV and a t  cur ren ts  o f
10  A.  t r ' l gure  2a  (curve  l - )  shows
the  d ls t r ibu t ion  func t lon  in  the
tes t  bearn  f rom EP-2  a t  the  en t rance
to  the  p lasma 1n the  absence o f  the

F i g .  3 .  O s c l l l o g r a m s  o f  d i a m a g n e t i c
s l g n a l s :  a )  E P - l  a n d  E P - 2  b e a m s  t u r n e d
o n  s e p a r a t e l y ;  b )  b o t h  E P - l  a n d  E P - 2
beams  tu rned  on .  EP- l  -  beam cu r ren t
10  A ,  ene rgy  15  keV1 ,  EP-2  -  beam cu r -
ren t  l - 0  A ,  ene rgY  17  keV .  The  a r row
ind l ca tes  t he  i ns tan t  when  EP-2  beam
i s  t u r n e d  o n .

,  t o  s e p a r a t e  i n  o u r  e x p e r l m e n t s
t t - r a t  " t aU i t i ze  t he  beam s tab i l i t y  i n

2 2 8  0 9 6 5 )  .
.  2 9 , 5 8 2  ( 1 9 7 0 )  [ s o v
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s t : h i  1 i  z i n  E  b e a m  f r o m  E P - 1 .  T h e
d l s t r l bu t i on  has  the  usua l  r t p l a teau? r  f o rm  down  to  ze ro  ene rgy .  When  the  beams

pass  th rough  the  p lasma  s imu l - t aneous l y ,  t he  d i s t r i bu t i on  f unc t i on  i s  a l t e red :

i t r u  O " a m  i s  l e s s  i t s m e a r e d  o u t r t  w i t h  r e s p e c t  t o  e n e r g y ,  i . e .  t  i t  b e c o m e s  s t a -

b i l i z e d  ( c u r v e  2 ) .  A  d e c r e a s e  o f  t h e  t e s t - b e a m  c u r r e n t  l e a d s  t o  b e t t e r  s t a -

b i ] . 1za t i on ,  as  can  be  seen  f rom F1g .  2b ,  wh i ch  shows  d i s t r i bu t l on  f unc t i ons

u r1 i t - go , . , "  i o  I ' i  g .  Za .  The  i ncomp l -e te . s i ab i l i za t i on  o f  t he  l ns tab i l i t y  may  be

due  to  t he  f ac t  t ha t  t he  bea rn  l n te rac t l on  reg lons  ove r fap  on l y  i ns lde  the  t rap '

and  be fo re  en te r i ng  t he  t rap  the  beams  re lax  i ndependen t l y  o f  each  o the r '

Measu remen ts  o f  t he  p lasma  d lamagne t l sm have  shown  a l1  app rec lab le  de -

c r e a s e  o f  t h e  t e s t - b e a m  h e a t l n g  e f f i c i e n c y  i n  t h e  p r e s e n c e  o f  t h e  s t a b l l - l z l n g

beam.  I n  F igs .  l a  and  l b  a re  Jhown  the  d lamagne t i c  s i gna l s  due  to  t he  ac t i on  o f

e a c h  b e a m  s e p a r a t e l y  a n d  d u e  t o  t h e l r  j o i n t  a c t l o n '  r e s p e c t l v e l y '  T h e  s t a b i l i -

za 'Lon  e f f ec t  i s  more  no t i ceab le  i n  t he  d iamagne t i c  s i gna l  ,  f o r  i n  t h i s  case  one

measu res  va lues  tha t  a re  ave raged  ove r  t he  en i i r e  vo lume  o f  t he ' t r ap ,  and  fu l J -

u re  t o  sa t i s f y  t he  s tab i l i za t t on  cond i t l ons  1n  l nd i v i dua l  l oca l  zones ,  as  we l - l

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

f e c t  i n  t h i s  c a s e .

T h u s ,  w e  w e r e  a b l e ,  f o r  t h e  f l r s t  t i m e
un lque fy  one  o f  t he  ma in  non l i nea r  e f f ec t s
a  p l a s m a .
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