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SOME ADDITIONAL EMITTANCE RESULTS WITH THE MARK I1 DUOPLASMATRON SOURCE 

1. In t roduc t ion  

A r e c e n t  i n t e r n a l  r e p o r t  (AGS HW-2) descr ibed  some emi t tance  measure- 

ments w i t h  t h e  Mark I duoplasmatron source ,  us ing  t h e  p i n  h o l e  and copy 

paper  technique and t h e  importance of us ing  very  small p i n  ho le s  w a s  

po in ted  ou t .  Only a s i n g l e  measurement us ing  0.002-in. diameter  p i n  holes  

was  given,  however, and t h e  emi t tance  va lue  obta ined  was compared wi th  

t h o s e  measured on t h e  AGS p r e i n j e c t o r  f o r  t h e  same source  i n  another  

i n t e r n a l  r e p o r t  (AGS HW-3). This  no te  r e p o r t s  some a d d i t i o n a l  measurements 

ob ta ined  on t h e  test  s t and ,  w i th  small p i n  ho le s ,  which se rve  t o  check t h e  

earlier r e s u l t .  

2.  Resu l t s  

The method of measuring t h e  emi t tance  i s  e x a c t l y  t h e  same a s  t h a t  

g iven  i n  HW-2, and t h e  emi t tance  diagrams are l i k e  F ig .  12 of thist r e p o r t .  

The r e s u l t s ,  a long  wi th  t h e  r e l e v a n t  source parameters ,  are showin i n  

Table  I, two sets of va lues  f o r  emi t tance  and b r igh tness  being given.  

One set i s  c a l c u l a t e d  from formulae a p p r o p r i a t e  t o  a r ec t angu la r  phase 

space  boundary and t h e  o t h e r  f o r  a n  e l i p t i c a l  boundary. 

p l o t t e d  as a func t ion  of beam cur ren t  i n  Fig.  1. 

The la t l le r  are 



Ta,ble I 

Date of Source Fi lament  Discharge Magnet E x t r a c t i o n  Beam Rectangular  Phase E l i p t i c a l  Phase 
Measurement P res su re  Current  Current Current  Voltage Current  Space Boundary Space Boundary 

11 Jan .  6 
1966 380 34 35 0.3 40  60 0.006 . 1 . 7 ~ 1 0  l1 0.0076 2 . 1 ~ 1 0  

March 25 
1966 250 25 34 0.65 35 60 0.006 1 . 7 ~ 1 0  0.0076 2 . 1 ~ 1 0  

March 25 
1966 250 25 30 0.4 30 48 0.0059 1 . 4 ~ 1 0  la 0.0074 1 . 8 ~ 1 0  

11 

11 

11 4 March 25 
' 1966 250 25 27 0.3 25 32 0.0057 9 . 4 ~ 1 0  lo 0.0072 1.2x10 

11 March 29 
1966 250 . 25.5 40 0.65 35 70 0.0076 1 . 2 ~ 1 0  0.0098 1 . 5 ~ 1 0  

It w i l l  be  seen  t h a t  t h e  earlier r e s u l t  (Jan. 6, 1966) has  been confirmed. 
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An i n t e r e s t i n g  phenomena was  encountered i n  t h i s  work. It was 

observed t h a t  t h e  discharge cur ren t  var ied  i n  a c y c l i c  manner, from pulse  

t o  pulse ,  by 10-20%, and the  output cur ren t  a l s o  var ied  i n  a s imi l a r  way. 

This may be due t o  t h e  magnetic f i e l d  of t h e  cur ren t  i n  the  f i lament ,  

( a l t e r n a t i n g  cur ren t  a t  60 cps) having an e f f e c t  on t he  di'scharg,e i n  the  

a r c  chamber. When t h e  waveform of t h e  l i n e  vol tage  was displayed on a 

double beam osc i l loscope  along with t h e  discharge cur ren t  pulse ,  t h e r e  

w a s  a c l e a r  c o r r e l a t i o n  between t h e  amplitude of t h e  discharge pulse  and 

i ts  "phase" with r e spec t  t o  t h e  l i n e  vol tage.  

state, i t  was observed t h a t  t h e  copy paper images were elongated! i n  a 

r a d i a l  d i r e c t i o n ;  t h e  f u r t h e r  t h e  p a r t i c u l a r  p in  ho le  from t h e  axis,  the  

l a rge r  the  elongat ion.  A t e n t a t i v e  explanat ion is  of fered .  

With t h e  source in t h i s  

The c y c l i c  v a r i a t i o n  of discharge cu r ren t  produces a correaponding 

v a r i a t i o n  of ion dens i ty  i n  t h e  expansion cup and thus a v a r i a t i o n  of 

plasma boundary shape from pulse  t o  pulse ,  i.e., the  plasma boundary 

"breathes" i n  and out ,  t ak ing  several beam pulses  t o  complete one cycle .  

This motion does not  a f f e c t  ions near t h e  a x i s  much, but  those near t h e  

edges of t h e  plasma boundary t ravel  on s l i g h t l y  d i f f e r e n t  t r a j e c t o r i e s  on 

d i f f e r e n t  pulses .  Thus, t he  p in  holes  produce a s e r i e s  of round images 

s i d e  by s i d e ,  which, during t h e  ha l f  hour exposure of t he  copy paper,  

coalesce t o  form an elongated image. 

A t  any rate, when t h e  discharge pulse  was synchronized with the  power 

l i n e ,  so  t h a t  it always occurred a t  t h e  same phase (and the re fo re ,  a t  t h e  

same value  of magnetic f i e l d  i n  t h e  arc chamber) t h e  i n s t a b i l i t y  disappeared 

and t h e  copy paper images were once again a l l  . c i r cu la r .  It i s  not c l e a r  

why t h i s  e f f e c t  should show up a t  t h i s  time, because i t  has not been observed 

before  with the  Mark 1 source.  

The r e s u l t s  i n  Table I were obtained with the  source i n  the  s t a b l e  

mode. This serves  t o  emphasize t h e  need f o r  very s t a b l e  operati-on of t he  

source when using t h i s  p a r t i c u l a r  technique of  emittance measurement. 

3 .  Conclusions . 

The very low emittance value given i n  Hw-2 has been confirmed and t h e  

need f o r  s t a b l e  source opera t ion  re-emphasized. 

It should a l s o  be r e s t a t e d  t h a t  t h e  s i m p l e  copy paper technique is 

a t  the  very l i m i t s  of i t s  usefulness  i n  these  measurements which a r e  only 

approximate. 
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