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A DUOPLASMATRON WITH OSCILLATING EECTRONS 

H i s t o r y  

The s t a n d a r d  duoplasmatron (see F i g .  1) h a s  a h o t  ca thode ,  i n t e r -  

media te  e l e c t r o d e  and anode. The d i s c h a r g e  i s  c o n s t r i c t e d  (by t h e  shape  

o f  t h e  i n t e r m e d i a t e  e l e c t r o d e )  i n t o  a small area i n  f r o n t  of  t h e  anode 

a p e r t u r e  and a s h o r t  non-uniform magnet ic  s t r a y  f i e l d  between t h e  i n t e r -  

media te  e l e c t r o d e  and anode. The c u r r e n t  d e n s i t y  i n  f r o n t  o f  t h e  

a p e r t u r e  i s  l a r g e  (- 1 A/mm ). 

, 

2 

There are two plasma c o n c e n t r a t i o n s ;  one c l o s e  t o  t h e  ca thode  

(ca thode  plasma) and one c o n c e n t r a t e d  b e f o r e  t h e  anode (anode plasma).  

The ca thode  plasma i n j e c t  a beam of  e l e c t r o n s  w i t h  enough energy t o  i o n i z e  

t h e  g a s  molecules  i n  t h e  anode r e g i o n ,  c r e a t i n g  a p o t e n t i a l  i n c r e a s e  

(10 - 30 V)  c l o s e  t o  t h e  anode a p e r t u r e .  The i o n s  are t h e n  r e p u l s e d  

through t h e  anode a p e r t u r e  t o g e t h e r  w i t h  t h o s e  e l e c t r o n s  which h a v e  enough 

energy  t o  p a s s  t h e  d e c e l e r a t i o n  r e g i o n .  

f i l l e d  up w i t h  d i r e c t e d  i o n s  and e l e c t r o n s .  

The expansion cup is ,  t h e r e f o r e ,  

With our  s t a n d a r d  duoplasmatron,  w e  can o b t a i n  250 t o  300 mA beam 

o u t p u t  w i t h  a 1/2" d i a m e t e r  expansion cup (Ref. 1, 1966).  _ _  Connecting - 
- - 

t h i s  s o u r c  

as it  i s  shown i n  F i g .  2 .  

our h i g h  g r a  n t  a c c e l e r a t i n g  t u b e ,  w e  have t h e  s i t u a t i o n  
- - _  _ _  ._ - 

- 
- - -  - -  * 

- T h i s  n o t e  i s  meant t o  b e  a g u i d e  l i n e .  
_ -  
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T h i s  c o n f i g u r a t i o n  h a s  a c c e l e r a t e d  a maximum beam c u r r e n t  of  200 mA 

w i t h  a g a u s s i a n  t y p e  of d e n s i t y  d i s t r i b u t i o n  (Ref. 2, 1967).  Larger  beam '0 
c u r r e n t s  c a n  b e  e x t r a c t e d  b u t  n o t  a c c e l e r a t e d  due t o  beam l o s s e s  i n  t h e  

t u b e  and i n  t h e  f o c u s i n g  magnets. The beam o p t i c s  o f  t h e  a c c e l e r a t i n g  

2 t u b e  i s  based on a n  i o n  d e n s i t y  of  100 mA/cm2 and not  200 mA/cm . The 

l i m i t a t i o n  ar ises  from the defocus ing  i n f l u e n c e  of t h e  s p a c e  charge  mainly 

i n  t h e  e x t r a c t o r  r e g i o n .  

An a p p a r e n t  s o l u t i o n  i s  reducing  t h e  d e n s i t y  by i n c r e a s i n g  t h e  

expansion cup d iameter  and e x t r a c t o r  a p e r t u r e .  The s o u r c e  c a p a c i t y  

(determined by t h e  d i s c h a r g e  c u r r e n t )  seems t o  be l a r g e  enough t o  f i l l  up 

t h e  i n c r e a s e d  volume of t h e  e n l a r g e d  plasma cup. N e v e r t h e l e s s ,  t h e  column 

o u t p u t  c o u l d  not  b e  i n c r e a s e d .  

A p o s s i b l e  e x p l a n a t i o n  i s  t h a t  f o r  l a r g e r  beam c u r r e n t s  t h e  plasma 

cup cannot  b e  f i l l e d  up uni formly;  a l a r g e r  d e n s i t y  i n  t h e  c e n t e r  of  t h e  

beam shapes t h e  i o n  emitter as shown i n  F i g .  3 .  The emitter c o n f i g u r a t i o n  

i s  determined by t h e  plasma-pressure,  e x t r a c t o r  f i e l d ,  e l e c t r o d e  geometry 

and s t r a y  magnet ic  f i e l d .  Uniform d e n s i t y  d g s t r i b u t i o n  i s ,  t h e r e f o r e ,  

impor tan t .  It might b e  o b t a i n e d  by b i a s i n g  t h e  i n n e r  w a l l  o f  t h e  expansion 

chamber as i t  i s  sugges ted  by Viene t  and Faure  (Ref. 3 ,  1967).  The i d e a  i s  

t h a t  a s l i g h t l y  n e g a t i v e  v o l t a g e  keeps  t h e  e l e c t r o n s  i n  t h e  beam, n e u t r a l -  

i z i n g  some o f  t h e  s p a c e  c h a r g e  defocus ing .  T h e i r  r e s u l t s  does n o t  seem 

t o  b e  r e p r o d u c i b l e  f o r  100 mA beam c u r r e n t s  ( p r i v a t e  communication from 

V i e n e t ,  1968).  For  l a r g e r  c u r r e n t s  (> 100 mA) t h i s  s o l u t i o n  might b e  even 

more d i f f i c u l t  t o  r e a l i z e .  

A more promising approach t o  a uniform and y e t  dense  i o n  d i s t r i b u t i o n  

seems t o r b e  t h e  s o u r c e s  w i t h  double  c o n t r a c t i o n  of t h e  d i s c h a r g e  (duo- 

p lasmat ron)  and o s c i l l a t i n g  e l e c t r o n s  i n  t h e  anode plasma (Demirkhanov, 



- 3 -  

et  a l . ,  Ref. 4 ,  1963) .  Such a duoplasmatron a l lows  r educ t ion  of t h e  gas 

p re s su re  (- 10 mmHg i n s t e a d  of t h e  1 mm) a l lowing  f o r  a l a r g e  anode 

a p e r t u r e  (5 mm = .2" i n s t e a d  of 1 mm = .040"). The c u r r e n t  from such a 

source  seems t o  b e  hundreds of mil l iamperes ,  but  what seems t o  m e  more 

-2 

important  i s  t h e  l a r g e r  a p e r t u r e  t h a t  a l lows  f o r  a b e t t e r  development of  

a more uniform i o n  emi t t i ng  s u r f a c e  i n s i d e  t h e  expansion chamber. The 

c u r r e n t  d e n s i t y  of r e f l e c t o r  a p e r t u r e  i s  now much lower - .1 A/cm . 
Modified Duoplasmatron Hydrogen Source 

2 

A s tandard  duoplasmatron has  been extended wi th  a r e f l e c t i n g  e l e c t r o d e .  

F igu re  4 shows t h e  b a s i c  conf igu ra t ion .  The e l e c t r o n s  from t h e  cathode 

plasma are  i n j e c t e d  i n t o  t h e  anode region,  as i t  i s  t h e  c a s e  wi th  t h e  

s tandard  duoplasmatron. The anode i s  now followed by a n  e l e c t r o d e  wi th  

nega t ive  p o t e n t i a l  wi th  r e s p e c t  t o  t h e  anode; t h e r e f o r e ,  t h e  e l e c t r o n s  

o s c i l l a t e  between t h e  r e f l e c t o r  and in t e rmed ia t e  e l e c t r o d e ,  cons t rkc t ed  by 

t h e  r e l a t i v e l y  long magnetic f i e l d .  The increased  d i s t a n c e  between t h e  

e l e c t r o d e s ,  as w e l l  a s  t h e  o s c i l l a t i o n  of t h e  a r c  e l e c t r o n s ,  i s  r equ i r ed  

t o  compensate f o r  t h e  lower gas p re s su re  (N.=  N 0.4,). 

can be,  t h e r e f o r e ,  as low as 10 mmHg and e l e c t r o d e  a p e r t u r e s  l a r g e r  

t han  5 mm (.2"). It w i l l  be  d i f f i c u l t  t o  p r e d i c t  t h e  optimum geometry 

and d i s t a n c e s  between t h e  e l e c t r o d e s  f o r  our requirements .  We w i l l ,  

t h e r e f o r e ,  s ta r t  wi th  roughly t h e  d i s t a n c e s  between t h e  e l e c t r o d e s  a s  

used by Demirkhanov (see Fig .  4 ) ,  maintain our in t e rmed ia t e  e l e c t r o d e  

geometry, add a r e f l e c t i n g  e l e c t r o d e  and i n c r e a s e  a l l  a p e r t u r e s  t o  r#l 5 mm 

The gas  p re s su re  
1 0 1  

-2  

( .2f l ) .  

I n  a d d i t i o n ,  t h e  source  body h a s  t o  be  e l e c t r i c a l l y  i s o l a t e d  t o  

provide a negat ive  v o l t a g e  t o  t h e  r e f l e c t o r  (which i s  t h e  anode i n  t h e  

s tandard  duoplasmatron).  
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The diameter of t h e  expansion chamber f o r  a 300 mA t o t a l  cu r ren t  

2 
should be 2 cm f o r  a c u r r e n t  dens i ty  of  100 mA/cm , which i s  t h e  designed 

d e n s i t y  f o r  t h e  a c c e l e r a t i n g  tube .  For a n  e x t r a c t o r  vo l t age  a t  50 kV, t h e  

U 

P i e r c e  geometry r e q u i r e s  a d i s t a n c e  between e x t r a c t o r  and ion  emi t t i ng  

su r face  of 25 cm = 1". The space charge l imi t ed  cu r ren t  i s  t h e r e f o r e :  

J = 5.6 x-10 

The depth of t h e  expansion chamber should be as long as p o s s i b l e  t o  keep 

t h e  emit tance s m a l l ,  bu t  not t o o  long because w e  might l o s e  too  much 

cu r ren t  again$& \;he wails of t h e  cup. _ L e t  us s t a r t  wi'th 2 em-=  ,.8l1. 

maximum magnetic f i e l d  should be i n  t h e  order  of 1000 gauss .  

31'2 

2 

- _ _  
- 8  = .1 A/cm2 wi th  V = 50,000 v o l t s  and x = 2.5 cm. 

X 

A s topper  behind t h e  cathode might be necessary t o  s t o p  t h e  w e l l  

co l l imated  e l e c t r o n  beam t h a t  can pass  t h e  in te rmedia te  e l e c t r o d e .  Experi- 

ence w i l l  show i f  t h i s  and (or) o the r  modi f ica t ions  are necessary.  

The "snout" of t h e  r e f l e c t o r  might be too  f l a t  f o r  proper guidance 

of t h e  ions  i n t o  t h e  expansion cup. 

Some Addi t iona l  Remarks 

a)  One has  t o  be , aware  t h a t  t h e  p r a c t i c a l  behavior of t h i s  source 

w i l l  be  r a t h e r  d i f f e r e n t  from t h e  s tandard  source.  For  i n s t ance ,  a too  

h igh  gas p re s su re  w i l l  ex t ingu i sh  t h e  d ischarge .  

b )  The a p e r t u r e  of t h e  in te rmedia te  e l e c t r o d e  might be too  small. 

The l o s s e s  can be observed on t h e  amp-meter connected wi th  t h e  in te rmedia te  

e l ec t rode .  Also t h e  anode and r e f l e c t o r  cu r ren t  w i l l  g i v e  information 

about t h e  formation of t h e  anode plasma. 

c) The gas i n l e t  i n  t h e  anode plasma w i l l  be more e f f e c t i v e  than with 

t h e  gas  i n l e t  i n  t h e  cathode reg ion .  

d )  I f  t h e  r e s u l t s  are p o s i t i v e ,  it should be easy t o  e x t r a c t  t h e  

300 mA beam d i r e c t l y  wi th  t h e  150 kV f i r s t  e l e c t r o d e  i n  t h e  s h o r t  column 

Without e x t r a c t o r .  This  s i m p l i f i e s  t h e  t o t a l  s t r u c t u r e  cons iderably .  
c 
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Expected Parameters  of  t h e  S l i g h t l y  Modif ied Demirkhanov Source 

e I o n  beam c u r r e n t  a t  e x t r a c t i o n  v o l t a g e  of  50 kV 300 mA 

Emit tance  (arealn) 

Gas p r e s s u r e  i n  s o u r c e  

5 cm-mrad 

< 5-10 IIUII 
-2 

Gas p r e s s u r e  around e x t r a c t o r  

A f c  v o l t a g e  7 -  

- .  - - _  -_ 

Q 250 v o l t s  
_ _  - 

Arc. c u r y e n t  ; ~ e 20 amps 

Source magnet ic  f i e l d  < 1000 gauss  

The dimensions of t h e  s o u r c e  (see F i g .  4 )  

L i t e r a t u r e  

R e f .  1 - Th.J.M. S l u y t e r s - 1 ,  "Brookhaven's Recent P r e - a c c e l e r a t o r  Progress , "  

AGS I n t e r n a l  Report ,  1966. 

Ref.  2 - Th.J.M. S l u y t e r s ,  V.  Kovarik,  "Large B r i g h t n e s s  Beams Up t o  200 mA 

i n  a 750 k V  High G r a d i e n t  P r e i n j e c t o r , "  AGS D i v i s i o n  67-6, 1967. 

R e f .  3 - J. Faure,  T h e  New S a t u r n e  I n j e c t o r  S t a t u s  Report  on t h e  750 keV 

P r e i n j e c t o r , "  L i n e a r  A c c e l e r a t o r  Conference,  Brookhaven, 1968. 

R e f .  4 - P.A. Demirkhanov, et  a l . ,  "High Curren t  I n j e c t o r  o f  Hydrogen Ions,"  

Dubna Conference,  Moscow, 1963. 

D i s t r i b u t i o n  

K. B a t c h e l o r  
V.  Kovarik 
G.W. Wheeler 
AGS D i v i s i o n  S t a f f  
Department A d m i n i s t r a t i  






