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Interact ions betiieen Ion Beams and Plasmas 

R. Rowberg and A. Y. Wong 

Department of Physics, University o f  California,  Los Angeles, California 

and 

J. M. Sellen 

TRW Systems, Redondo Beach, California 

In t h i s  paper w e  wish t o  report  preliminary r e su l t s  of the  in te rac t ian  between 

a low energy cesium ion beam (1 t o  30 ev) and a thermal cesium plasma ( 0 . 2 5  ev). 

In  pa r t i cu la r  w e  are attempting t o  determine the  s t a b i l i t y  limits f o r  ion acoustic 

waves due t o  t h e  interact ion between the beam and the  plasma. 

l i m i t s  have been predicted theoret ical ly  i n  a paper by Fried and Wong. 

Such s t a b i l i t y  
1 

EXPERIMENTAL SETUP. 

A schematic of t he  system used is shown i n  f igure  1. The ion gun is e s sen t i a l ly  

the  same one developed by Sellen e t  al.293 The ions a re  formed on the surface of 

a porous tungsten plug which i s  fed by a beam of C s  atoms from an oven behind the  

plug. 

ed t o  the  plasma potent ia l .  

t he  applied voltage on the  tungsten source and the  plasma potent ia l .  

gun is inser ted intS one end of a Q-machine.4 The other  end contains a tungsten 

p l a t e  and a Cs oven by which w e  can produce a thermal Cs plasma. 

the tungsten p l a t e  is heated to i ts  normal operating temperature of about 2,3OO0C, 

the  p l a t e  serves as t he  source of neutralizing electrons for both t h e  background 

plasma and the ion beam. 

in te rac t ion .  

The Cs ions are then accelerated by t he  accelerating gr id  and then decelerat-  

The energy o f  t he  ions is j u s t  the difference between 

This ion 

In  addition, when 

In t h i s  manner we are  able t o  study the  beam-plasma 

i 
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BEAN AND PLASi4fi CHARACTERISTICS 

The density p ro f i l e  of the beam measured on a Langmuir probe showed a 

beam width of approximately 2.5 cm which i s  the width of  the tungsten plug. 

This occurred fo r  magnetic fields of 1000 gauss and above. In  addition, 

for fields of t h i s  order very l i t t l e  spreading of the beam w a s  noted over t h e  

length of +he n,achim. A 1 1  this i n d i t ~ t e d  very good c m f i n e ~ n t  of t h e  bean. 

The beam w a s  operating i n  the  emission l imited regime meaning t h a t  J, the  

current density,  w a s  constant f o r  different  beam energies. This meant tha t  

the beam density decreased as w e  incrr?ser’ 

beam density w e  could achieve was lo1* particles per  cc. 
9 11 densi ty  ranged from 10 /cc t o  10 

the beam velocity. The maximum 

The background plasma 

/cc. The former density w a s  due t o  beam 

ions which were neutral ized and reemitted by the tungsten p l a t e  which was 

being used as the  source of neutral iz ing electrons.  The Cs oven w a s  turned 

off and shielded from the  p l a t e  when we ran t h e  beam by itself, so t h i s  w a s  

the minimurn background density we could achieve under these circumstances. 

AXIMUTHIAL OSCILLATIONS 

When running the  ion beam by i tself  under the  conditions just described, 

w e  found that for  cer ta in  values of source voltage (beam energy) and tungsten ,,’ 

p l a t e  power (electron temperature), large noise s igna ls  of about 20% of the  

t o t a l  probe s igna l  appeared at the  steepest  par t  of t he  densi ty  prof i le .  

conditions are shown i n  f igure 2. Generally, w e  found tha t  an inverse re- 

la t ionship between p l a t e  power and beam energy exis ted i n  order t o  achieve 

in s t ab i l i t y .  

These 

Upon fu r the r  examination these noise s igna ls  were found to 



- 3 -  

correspond t o  osc i l la t ions  i n  the beam. These osc i l la t ions  were found t o  

propagate i n  the  aximuthial direction and i n  the direct ion of the electron 

density gradient drift.  

of t h i s  wave. 

t o  6.5kc over a range cf magnetic f i e ld  of 1750 gauss t o  4200 gauss. 

the  f i r s t  hamonic the variation was f ron 9kc t o  13.5kc over the  same range 

i n  nagnetic f i e ld .  This var ia t ion is shown i n  figure 3. 

of these two nodes were made by probes placed a t  r i g h t  angles t o  each other 

w i t h  each probe pos i t imed 1.2 cn fron t h e  center of the bean along the 

probe's respective radius. 

wave and of steepest  gradient of the density prof i le .  

showed t h e  fundamental t o  have a wavelength corresponding to an n=l node 

and t h e  first harnonic a wavelength corresponding t o  the  n=2 wde. 

We observed both the fundamental and first harnonic 

The frequency range f o r  the  fundamental node varied fron 4.5kc 

For 

Phase measurements 

This was the posit ion of m a x i m u m  amplitude of the 

These neasurements 

In order t o  compare our experimentally observed values of frequency 

with theory, w e  used the c q r c s s i u n  derived by several  authors for the 

frequency of d r i f t  waves o f  w=k, - - - 
wave number perpendicular t o  B and is about lcn-' f o r  the n=l  mode. Te is  

the  electron t e q e r a t u r e  and i s  about 250O0K. 

In t h i s  expression K, is the kTe 1 dn 5 
eB n d x '  

2.n is the  density ; ; d x  
gradient divided by the  density and is  approximated by - 1 cm -1 . From these 1.2 

w e  calculate  a frequency of  abodt 3kc f o r  B-2500 gauss. 

the observed value but this i s  probably due t o  our inaccuracy i n  obtaining 
1 a correct value f o r  - - dn We further  note t h a t  w varies  as B i n  the above 

expression. The curves i n  f igure 3 do not show a s t r i c t  "B var ia t ion with w 

but t h i s  discrepancy is prabably due t o  the increase i n  - as B i s  increased. 

This is lower than 

n d x '  

dn 
dx 
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We found no radial  2h-e s h i f t  f o r  t h i s  wave. 'The longitudinal phase 

s h i f t  w a s  d i f f i c u l t  t o  masure since a small s h i f t  i n  the lognitudinal 

probes angular posit ion caused a large phase s h i f t  t o  appear. 

w e r e  &le t o  see tha t  the longitudinal wave length w a s  at least 1OOcm. 

However, we 

In addition t o  t h i s  wave a second osc i l la t ion  w a s  observed propagating 

i n  the azimuthial direct ion with a b a t  the same frequency as the drif t  wave. 

This latter wave reached its maximum amplitude a t  about 2.0 c m  from the  

center  of the beam. This corresponded t o  a position a t  t he  edges of the  

density prof i le .  

but it appears t o  correspond t o  the  magneto-ionic sound wave discovered by 

the  Stanford group, 

We have not yet made a detai led investigation of this wave 

6 

LONGITUDINAL M)DE 

As mentioned previcxsly when cer ta in  combinations of Seam energy and tungsten 

p l a t e  power were met, the  beam became noise free and no azimuthial osc i l la t ions  

appeared. Using these conditions we were able t o  study the longitudinal or 

m-0 mode, These waves were produced i n  the  beam by modulating the accelerating 

gr id  with a tone burst  generator, as shown i n  figure 1, a t  various frequencies. 

The frequencies w e  used ranged from 30°kc t o  100kc. 

vary t h e  beam energy from 0 t o  lOev for a constant bean-plasma density r a t i o  

and look for growin3 osc i l la t ions  by observing the amplitude of t he  wave as 

a function of distance over a distance of from 2 t o  22cm from the source. We 

then swept various values of the density r a t i o  and repeated the experiment at  

each value of n= 

curve of density r a t i o  vs, beam velocity i n  order t o  compare with the  theory, 

Our procedure here w a s  t o  

. In this way, w e  hoped t o  p lo t  a s t a b i l i t y  l i m i t  5 
1 

'"P 
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I 
I our density ratios ranged frm E= - 1 tr? n = 2. ti!P f3hsemed fer low values of 10 

1 
10 n(n-- ) t ha t  t h e  wave continually damped out as iJe moved along the beam axis 

away from the  source. 

r a t i o  (n- /3) w e  noted tha t  t he  osci l la t ions s t i l l  damped i n i t i a l l y  but for 

some beam energies, as w e  moved fur ther  from the source, a rise i n  amplitude 

followed by fur ther  d a q i n g  azeared .  

This is seen in  f igure 4. As w e  increased the density 

1 

This is seen i n  figures 5 and 6. 

In analyzing these r e su l t s ,  w e  noted tha t  the $ase velocity of the wave 
5 i n  the beam frame w a s  about 0.9 x 10 cm/sec. 

lab frame t h i s  wave w a s  t r ave l l i nz  at about 2.5 x 10 cm/sec f o r  a lev beam. 

The thermal spread of the plasma ions w a s  about 0.25ev so t h i s  wave velocity 

w a s  w e l l  out i n  the  t a i l  of the velocity d is t r ibu t ion  of the plasma ions. 

would 

the p a r a l l e l  ion temperature of a l e v  ion beam about 40°K and therefore the  

thermal spread i n  the 2a ra l l e l  direction f o r  the  beam is about - ev which 

corresponds t o  4 x 10 Thus t h e  wave velocity i n  t h e  beam frame is 

a l so  well out i n  the t a i l  of the  beam ion velocity d is t r ibu t ion  and w e  have 

no in te rac t ion  between the wave and beam. Thus f o r  t h i s  s i tua t ion  w e  can not 

make any coqar i sons  t o  the  theory ;)resented by Fried and Wong. 

do t h i s  it appears necessary t o  excite the wave i n  the background plasma and 

not on the beam ions. 

To the  background plasma i n  t h e  

5 

This 

preclude any in te rac t ion  between the  wave and the plasma. In addition, 

1 
300 

2 cm/sec. 

In order t o  

We are presently invest igat ing t h i s  poss ib i l i ty .  



Fizure Cqi,tions 

1. Schematic diagram of ion beam gm and Q-machine with test equipment. 

2. S t a b i l i t y  curves fo r  azimuthial d r i f t  waves. 

. 
3. Variation of frequency of  azimutliial d r i f t  waves with mametic f ie ld .  The 

bottom curve ,s the  fundamental while the  top curve is the  first harmmic. 

4. Longitudinal ion wave anplitude vs. axial  distance fo r  various beam 

energies f o r  the case af low beam t o  plasma density ra t io .  

5 ,  Longitudinal ion wave amplitude vs. axial distance fo r  various beam 

energies f o r  the  case of high beam t o  plasma density ra t io .  

6 .  Scope traces showin? the am2litude of the wave as the pickup probe is 

moved axial ly  away from the ion Seam source. 
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