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A n e g a t i v  hel ium ion  source using potassium charge exchange vapor has 

been developed t o  be used as an i n j e c t o r  f o r  t he  P e l l e t r o n  accele- 

ra tor l .  3 ~ e  and a bem cur rents  o f  up t o  2pA have been ex t rac ted  w i t h  

75% p a r t i c l e  t ransmission through the machine. 

Uma fon te  de íons negativos de hél i o  u t i  l  i zando vapor de potáss i o  

r a  t roca  de carga f o i  desenvolvida 

l e rador  P e l l e t r o n  . Feixes de p a r t  

en t re  1 e  2 pA são ex t ra ídos .  Uma 

através do acelerador é consegui da 

para ser u t i  l  izada j un to  

í cu las  de 3 ~ e  e  a, com 

transmissão de 75% das 

pa-
1 com o  Ace- 

intensidade 

pa r t í cu las  

1. INTRODUCTION 

Two-stage p a r t i c l e  acce lera tors  requ i re  the  i n j e c t i o n  o f  negative ions. 

I n  the case o f  hel ium, due t o  the  e l e c t r o n i c  c o n f i g u r a t i o n  and the  

small a f f i n i t y  o f  an ex t ra  e lec t ron ,  very low e f f i c i e n c y  i s  obtained 

i n  t he  fo rmat ion  o f  a  negat ive  ion. 

The design o f  the negat ive hel ium ion  source, t o  be used together w i t h  

the P e l l e t r o n  acce lera tor  o f  the U n i v e r s i t y  o f  São Paulo, was based on 

the  two s tep  process o f  forming He- ions and on the  requi  red o p t i c a l  

c h a r a c t e r i s t i c s  o f  t he  beam. 

* Postal  address: C.P. 20516, 01000 -São Paulo SP. 



2. PRODUCTION OF He- 

Hol4ien and Midtdal  showed t h a t  the  (1s 2s 2p) "p5,/, s t a t e  o f  He- i s  

rnetastable w i t h  an est imated3 mean l i f e  o f  1 . 7 ~ 1 0 - ~  sec. I n  t h i s  4~,,2 

sta te ,  the  b ind ing energy o f  the 2p e lec t ron  i s  o f  the  order  o f  0.075 

eV, Ref. 4, and a11 the o ther  poss ib le  s ta tes  o f  He- undergo decay by 

auto- ion iza t ion ,  i .e., decay by emission o f  a f ree  e lec t ron.  

Based on t h i s  argument, Donnal l y  e t  ai!. suggested t h a t  negative he- 

1 iurn ions could be produced by a nearly- resonant two-step charge ex- 

change react ion,  as f o l  lows: 

(i) Forrnation o f  HeO (1s 2s) 3 ~ 1  f rom He+ (1s) by a charge exchange 

t r a n s f e r  c o l l i s i o n  w i t h  an a1,kali atom; 

( i  i) Forrnation o f  He- from HeO (1s 2s) 3 ~ 1  by pick-up o f  a 2p e lec-  

t ron : 

H e + ( l s )  + x O - + H e  ( 1 ~ 2 s ) ~ ~ ~  + x +  and 

Charge exchange react ions are  near l  y-resonant when the change IAEl o f  

the in terna1 energy o f  the  c01 1 i d i n g  system i s  very smal 1. A qual i ta-  

t i v e  i n t e r p r e t a t i o n  o f  t h i s  feature  rnay be given i n  terms o f t h e  ex ten t  

t o  which the c o l l i s i o n  approximates t o  ad iaba t i c  cond i t ions .  This f a c t  

i s  a consequence o f  the "Massey c r i  ter ion' I6 which s t a  t e s  tha t  the 

cross- sect ion f o r  a charge exchange reac t i on  i s  maximum when the c o l -  

l i s i o n  t ime i s  o f  t he  order  o f  t he  e l e c t r o n i c  t r a n s i t i o n  time. 

Ca lcu la t ions based on t h i s  c r i  t e r i o n 7  and f u r t h e r  experimental re-  
+ 

s u ~ t s ~ ' ~  i nd i ca te  that ,  i n  the case o f  a He primary beam, a sa t i s fac -  

t o r y  e f f  i c iency can be reached when an a l  ka l  i element (vapor) i s  used 

as the medium f o r  t he  charge t ransfer .  

I n  Table 1 a re  shown the ca lcu la ted7 resonance energy f o r  the  two i n -  

d i v idua l  p ick-up react ions,  i .e., format ion o f  the  Heo-atom and He- 

ion. As both react ions occur i n  the same chamber they are  not  obser- 
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ved i n d i v i d u a l l y ,  and the  experimental resonance energy f o r  the com- 

o l e t e  process i s  shown i n  t he  l a s t  column o f  Table 1 .  

T d L e  I .  Resonance energy ( K ~ v )  f o r :  

Element 

l s t  step: i nd i v i dua l  

'ormation o f  ( l s2s)  3 ~ 1  

]eo 

znd step: i nd i v i dua l  

format ion o f  ( ls2s2p) 

*PI j2  ~ e -  

Exper i rnen t a l  

Among the a l k a l i  elements, potassium seems t o  be the  more convenient 

because i t  has the  necessary vapor pressure12 a t  low temperature 

(-140°c), i s  eas ier  t o  handle, cheaper, and less t o x i c .  

3. THE APPARATUS 

The negat ive  hel  ium i o n  source (F ig .  1) cons is ts  essen t i a l  l y  o f  a con- 
+ 

vent iona l  R.F. p o s i t i v e  hel  ium i o n  source13 (F ig .  1 : 3)  from which He 

ions are  ex t rac ted  when a p o s i t i v e  b ias  V i s  app l ied  (F ig .  1 : 2) .  An 
P 

e x t r a c t i o n  e lec t rode ( ~ i ~ . l : 6 )  together w i t h  an e inze l  lens (F ig . l : 8 )  

i s  used t o  focus the posi t i v e  beam i n the  charge exchange chamber (F ig .  

: l O  This chamber i s  f i l l e d  w i t h  the a l k a l i  vapor obtained by hea- 

t i n g  the potassium i n  a s t a i n l e s s  s tee l  oven ( ~ i g . 1  :I 1 ) .  The exchan- 

ge chamber i s  e l e c t r i c a l  l y  connected t o  the externa1 e lec t rodes o f  the 
+ 

e inze l  lens.  I n  t h i s  way, i t  i s  poss ib le  t o  con t ro l  t he  He beam ener- 

gy so as t o  maximize the e f f i c i e n c y  o f  the charge exchange process. A 

very srnall contac t  area between the chamber and i t s  support reduces the 

heat loss.  



+ + Fig. 2. He-/He y i e l d  and beam i n t e n s i t y  vs.  He energy. 



To prevent the condensation o f  potassium i n  the high e l ec t r i ca l  gra- 

d ient  region o f  the ion source, two pai r s  o f  copper d i aph ragms are 

used i n  the entrance (Fig. l  :9) and ex i  t (Fig.1 :lO) o f  the charge ex- 

change chamber. To increase the e f f i c i ency  o f  trapping o f  potassium 

vapor, the diaphragms are cooled by a freon exchanger c i  rcu i  tl', 

A second einzel  lens ( F  

magnetic analyser (Fig. 

qmponents o f  the beam, 

trons. I n  t h i s  case, a 

tem (Fig.l:19). 

g.l : l 4 )  i s  used i n  the He- beam transport .  A 

:17) i s  employed t o  separate the d i f f e ren t  
+ 

mainly HeO, He ions, contaminants and elec- 

30° de f lec t ion  i s  used, defined by a s l i t  sys- 

The negative helium ions are then accelerated up t o  an energy o f  85 
KeV by means o f  a ten  electrode accelerat ing tube. This f i n a l  beam 

energy was chosen t o  get the largest  possible overlap between the emit- 

tance15 o f  the ion  source and the acceptance o f  the Pel l e t r on  accele- 

ra tor .  

Thus a sa t i s fac to ry  p a r t i c l e  transmission through the machine can be 

obtained. 

As the charge exchange process i s  nearly-resonant, there ex is ts  an op- 

timum energy a t  which the e f f i c iency  i s  maximum. I n  Fig. 2, one can 

see the dependence on the incident energy o f  the y i e l d  ( i  .e the r a t i o  

He-/He+ beam in tens i  t i e s )  . A maximum r a t i o  o f  5% can be reached a t  a 

c o l l i s i o n  energy o f  11 KeV. This r esu l t  i s  i n  agreement w i t h  the li- 

mits  predicated by the Massey c r i t e r i on .  

+ 
The t o t a l  He- beam in tens i  t y  as a funct ion o f  He energy i s  also pre- 

sented i n  Fig. 2. One can see tha t  the energy corresponding t o  the 

highest beam in tens i t y  does not correspond t o  the highest r a t i o  ~ e - /  

He+ . This i s  due t o  the f ac t  that  the charge exchange chamber bias 

i s  the same as the ex t rac t ion  electrode b ias which a f fec ts  the extrac- 

ted He+ beam i ntens i t y  . 



F i g .  3; ~ e -  beam in tens i ty  vs. potassium temperature. 



The dimensions o f  the charge exchange charnber a l l ow  a 95% p o s i t i v e  

beam transrnission. Negative heliurn bearn i n t e n s i t i e s  o f  the order  o f  1-2 

VA can be reached, depending on the cpe ra t i on  cond i t ions .  

The potassium vapor pressure i n s i d e  the  charge exchange c e l l  i s  very 
+' 

c r i t i c a l ;  w i t h  a very low pressure, two c o l l i s i o n s  o f  the He i on  du- 

r i n g  i t s  t r a n s i t  i n  the c e l l  a r e  irnprobable; and w i t h  a h igh  pressure 

there i s  a la rge p r o b a b i l i t y  o f  l o s i n g  the 2p e l e c t r o n  (which i s  very 

weakl y bound t o  the He- atom: 0 .O75 e ~ )  . 

The potassium vapor pressure i s  c o n t r o l l e d  by the oven heating cu r ren t .  

The oven and c e l l  ternperatures are  monitored by means o f  an iron-cons- 

tan tan thermocouple. 

The r e l a t i o n  between the negat ive bearn cu r ren t  and the  temperature o f  

the potassium conta iner  i s  shown i n  F igure  3. The potassium consurnp- 

t i o n  i s  estirnated i n  100 mg per hour. 

I t  i s  found necessary t o  process the potassium before  use i n  the i o n  

source. The oven i s  heated o u t  o f  the source, i n  vacuum, u n t i l  the 

potassium mel ts  and a11 the  o i l  bubbles out .  

I n  normal opera t ion ,  a good vacuum Tor r )  i s  requ i red  i ns ide  the 

source. A change o f  50% i n  t h i s  pressure can be responsible f o r  a re-  

duc t i on  o f  20% i n  the  He- beam i n t e n s i  t y .  

The i o n  source described i n  t h i s  a r t i c l e  has been i n  normal opera t ion  

i n  the  Pel l e t r o n  Acce lera tor  o f  the  Un ivers i  t y  o f  São Paulo since 1973, 

f o r  the i n j e c t i o n  o f  3 ~ e -  and 4 ~ e -  beams. 

A p a r t i c l e  t ransmission o f  75% f o r  3 ~ e  and a beams i s  normal l y  obtained 

The i on  source i s  ab le  t o  operate dur ing  a continuous per iod  o f  one 

week. When the potassiurn i n  the  oven i s  exhausted, the  conta iner  can 

be replaced e a s i l y  w i thou t  dismounting the i o n  source. 
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