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ACCELERATION OF HEAVY IONS I N  THE AGS 

For the sake of c u r i o s i t y ,  the  a c c e l e r a t i o n  of helium and some heav ie r  

n u c l e i  (N,O,Ne) i n  the  AGS has been considered. 

t he  AGS has been descr ibed  by J.G.  Cottingham,' Th. Sluyters , '  and S. Ohnuma 

and Th. S luy te r s ;  deuterons were s u c c e s s f u l l y  acce le ra t ed  a t  BNL, u s ing  

only  t h e  f i r s t  t ank  of the l i n a c  i n  the  4rr mode, up t o  t h e  f i n a l  energy of 

5 MeV o r  2.5 MeV/nucleon. 

tanks  #2 and P3 could be used t o  a c c e l e r a t e  deuterons f u r t h e r ,  t o  t he  energy 

of  30.61 MeV o r  1 5 . 3  MeV/nucleon. It was f u r t h e r  proposed,2 t h a t  an addi- 

t i o n a l  c a v i t y  be p u t  i n t o  the main r i n g ,  wi th  a lower minimum frequency t o  

a l low f o r  t he  lower i n j e c t i o n  energy. 

would then proceed by us ing  t h i s  c a v i t y  f i r s t  (or cavi t ies ,  i f  more than  one 

i s  needed), w i th  the harmonic number h = 24. The frequency range f o r  t h i s  

f i r s t  s t a g e  would be approximately 1.5 - 4.8 MIEz, corresponding t o  an energy 

range of 15 - 180 MeV/nucleon. 

s t a g e ,  t h e  beam would be debunched wi th  B = cons t .  and aga in  captured w i t h  t he  

p r e s e n t  r f  system a t  h = 12.  

energy of about  1 5  GeVlnucleon. 

Deuteron a c c e l e r a t i o n  i n  

3 

In  the  l as t  paper i t  has  a l s o  been shown t h a t  

The a c c e l e r a t i o n  i n  the main r i n g  0 

A f t e r  reaching the  upper l i m i t  of t he  f i r s t  

The a c c e l e r a t i o n  would proceed t o  t h e  f i n a l  

It w i l l  be assumed t h a t  heavy ions  can be a c c e l e r a t e d  i n  the  main r i n g  

the  same way as deuterons.  

parameters  of the r f  system o r  vacuum requirements .  

No c a l c u l a t i o n s  w i l l  be done concerning the  

a) He'' ions .  Although some s tandard  ion  sources  may y i e l d  as much as 

15% i n  the He" s tate,  a v a i l a b l e  c u r r e n t s  are u s u a l l y  below 1 d. Therefore ,  

1. J.G.  Cottingham, AGS Tech. Note No. 86, August 1971. 

2. Th. S l u y t e r s ,  AGS Tech. Note No. 94, June 1972. 

3 .  S. Ohnuma and Th. S l u y t e r s ,  Proc. 1972 Proton L inea r  Accel. Con€. , Los e 
Alamos. 
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a d i r e c t  product ion and a c c e l e r a t i o n  of He2+ ions  i n  the p r e s e n t  Cockcroft- 

Walton p r e i n j e c t o r  would y i e l d  very  low beam c u r r e n t s  of h igh  energy a - p a r t i c l e s .  

A h ighe r  i n t e n s i t y  may be obta ined  by a c c e l e r a t i n g  He' i ons  f i r s t  and then 

s t r i p p i n g  them t o  He2'. 

energy of  so  obta ined  He2+ ions  would be 750 keV, which i s  the  proper  

energy f o r  i n j e c t i o n  i n t o  the  first tank of the l i n a c ,  ope ra t ing  i n  the  
4 4rr mode. 2 y 3  

is  about  60%. 

of 15.3 MeVlnucleon and would be i n j e c t e d  i n t o  the  main r i n g ,  a t  B m l 3 0  G. 

The s t r i p p i n g  f o i l  would be p laced  i n  t h e  LEBT. To ta l  

The s t r i p p i n g  e f f i c i e n c y  f o r  helium ions  a t  an energy of 750 keV 

A t  the end o f  the  l i n a c  tank  #3 a - p a r t i c l e s  would have an energy 

b) N7+ ions.  D i rec t  product ion of these  ions  i n  a source i s  very  i n e f f i -  

c i e n t  and s t r i p p i n g  has  t o  be used. However, p a r t i a l l y  ion ized  atoms when 

pass ing  through the  s t r i p p e r ,  have t o  have a r a t h e r  h igh  energy (several MeV 

p e r  nucleon) i f  an apprec iab le  y i e l d  of f u l l y  s t r i p p e d  ions  i s  des i r ed .  

o f  such a h igh  energy cannot be i n j e c t e d  and captured i n  the  f i r s t  t ank  of 

the l i n a c .  I f  the 41l mode i n  the  l i n a c  i s  s t i l l  t o  be app l i ed ,  then  the  f i r s t  

tank could be by-passed and only tanks #2 and #3 used. Energy a t  the  en t rance  

t o  the second tank should be 2.57 MeV/nucleonY3 which i s  s u f f i c i e n t  f o r  f u l l  

s t r i p p i n g .  

Ions  

The problem i s  how t o  o b t a i n  n i t r o g e n  ions  of 36 MeV t o t a l  energy. 

Assume t h a t  a tandem is  used as the  p r e i n j e c t o r .  Nitrogen ions  i n  the  0 
charge state 4+ would be e x t r a c t e d  from a source i n  the  te rmina l  (s tandard 

Penning-type sources  y i e l d  up t o  10% of the  e x t r a c t e d  beam i n  t h i s  charge state, 

o r  about  1 mA; i f  h ighe r  i n t e n s i t i e s  are d e s i r e d  a double s t r i p p i n g  would be 

necessary as descr ibed  f o r  neon ions) .  

t o t a l  energy of  36 MeV i s  9 M V ;  a t  t h i s  energy about  60% of  ions  l eav ing  the  

s t r i p p e r  would be f u l l y  ~ t r i p p e d . ~  Accelera t ion  i n  tanks 82 and #3 would in- 

crease the energy t o  15.3 MeV/nucleon o r  215 MeV t o t a l .  

The te rmina l  vo l t age  r equ i r ed  f o r  a 

c) 0% ions.  Oxygen ions  could be produced i n  a source on the ground 

as 0-, a c c e l e r a t e d  by the te rmina l  vo l t age  V, s t r i p p e d  i n  a gas  ce l l  i n  the  

terminal t o  t h e  charge state 5+, a c c e l e r a t e d  aga in  t o  the  f i n a l  energy of 

(1 + 5) V = 6 V [eV] and f u l l y  s t r i p p e d  i n  the  LEBT. 

oxygen ions  has  t o  be about 41 MeV a f t e r  l eav ing  the  tandem, the necessary 

te rmina l  vo l t age  i s  about 7 MV.  A t  7 MeV t o t a l  energy the  most probable  charge 

state of an oxygen ion  a f t e r  pass ing  a gas  s t r i p p e r  i s  5+; s t r i p p i n g  t o  7+ 

A s  t he  t o t a l  energy of 

il) 4. S .  K. A l l i son ,  Rev. Mod. Phys. 30, 1137 (1958). 

5. H. H. Heckman, e t  al.,  Phys. Rev. 129, 1240 (1963). 
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a t  an  energy of 42 MeV is n o t  t h a t  e f f i c i e n t ;  
5 become f u l l y  s t r i p p e d .  

only about 35% of ions  would 

101- d) N e  ions .  Neon ions  r e q u i r e  a h ighe r  te rmina l  vo l tage  and a more 

complex mode of p r e a c c e l e r a t i o n  then n i t rogen  ions.  

tanks #2 and #3 are used i n  the ~ T T  mode, t he  t o t a l  energy of f u l l y  s t r i p p e d  

neon ions  a t  the  en t rance  t o  the  l i n a c  has  t o  be about 52 MeV. Even wi th  a 

te rmina l  vo l tage  of 10 MV an  i n i t i a l  charge state of 54- would be requi red ,  

which is  p r a c t i c a l l y  o u t  of reach  of p r e s e n t  i on  sources .  

o t h e r  than a much h ighe r  te rmina l  vo l t age  do exist .  

from t h e  source i n  the  31- state,  a c c e l e r a t e d  t o  a t o t a l  energy of 9 MeV, 

s t r i p p e d  t o  a charge s ta te  64- wi th  a f o i l  placed i n  the  column i t s e l f  and 

acce le ra t ed  t o  t h e  f i n a l  energy of 52 MeV. The necessary  te rmina l  vo l t age  i s  

about 10.2 MV, s t r i p p i n g  f o i l  i s  p laced  a t  the  3 MV level ( 3  a4 3 -I- 6 X 7.2 ~ 5 2 ) .  

Eff i c i ency  of t he  s t r i p p i n g  6+ + 1Or a t  an energy of 52 MeV is  about 15% and 

the  o v e r a l l  e f f i c i e n c y  31- + 104- about 4 - 5%. 

Assuming aga in  t h a t  only 

However, s o l u t i o n s  

Neon ions  can be e x t r a c t e d  

I n t e n s i t i e s  of acce le ra t ed  ions  would depend on the  source and s t r i p p e r  

performance. 

t he  o rde r  of LO" heav ie r  n u c l e i  p e r  pu l se  could be obtained.  

i n t e r e s t  t o  no te  t h a t  n i t rogen  and neon ions wi th  an energy of s eve ra l  hundred 

MeV pe r  nucleon have been considered i n  r a d i a t i o n  therapy.  

could be reached by us ing  the  f i r s t  s t a g e  of r f  a c c e l e r a t i o n  i n  the  main r i n g .  

The f i n a l  energy of a l l  ions considered i n  t h i s  no te  would be 15 GeV/nucleon, 

o r  60 GeV f o r  a - p a r t i c l e s ,  210 GeV f o r  n i t rogen  ions ,  240 GeV f o r  oxygen ions ,  

and 300 GeV f o r  neon ions.  

It can be expected t h a t  of the o rde r  of 1 O I 2  a - p a r t i c l e s  and of 

It might be of 

6 This energy 

D i s t r . :  Department Adminis t ra t ion 

6. Proc. Con€. P a r t i c l e  Acce lera tors  i n  Radiat ion Therapy, Los Alarnos, 
O c t .  1972 (LA-5180-C) 


