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A NOTE ON DEUTERON ACCELERATION I N  LINAC AND AGS 

E. Courant r e c e n t l y  brought t o  my a t t e n t i o n  t h a t  deuterons  accel- 

e r a t e d  i n  t h e  new 200-MeV l i n a c ,  perhaps do not  reach  i t s  f i n a l  r e l a t i v -  

i s t i c  energy of 80 MeV due t o  unfavorable  energy ga ins  a c r o s s  t h e  accel- 

e r a t i n g  gaps i n  t h e  later l i n a c  tanks .  

1 With t h e  formula f o r  t h e  t r a n s i t  t i m e  f a c t o r  : 

I 
the energy g a i n s  of pro tons  and deuterons  w e r e  compared a t  t h e  en t r ance  and 

exi t  of  each tank.  Table  I shows t h e  r e s u l t s .  I 

For proper  a c c e l e r a t i o n  of  deuterons  t h e  (T x R) f o r  deuterons  should j 
b e  h a l f  o r  more than  (T x R) f o r  protons.  These r a t i o s  are summarized i n  

Table  1. 

The fo l lowing  gene ra l  conclus ions  s e e m  t o  be  v a l i d .  

j 
i 

i 

a) Acce le ra t ion  of deuterons  up t o  30 MeV w i l l  not  impose a s i g n i f i c a n t  

change from t h e  procedures  of pro ton  a c c e l e r a t i o n .  

I 
b) Acce le ra t ion  of deuterons  from 30 t o  80 MeV i s  l i m i t e d  by t h e  a v a i l -  I 

a b l e  r f  power i n  each t ank ;  a c c e l e r a t i o n  "off" s t a b l e  phase i s  q u i t e  poss ib l e ,  

bu t  it might affect  t h e  f i n a l  energy spread.  The p r a c t i c a l  l i m i t  o f  deuteron  1 

a c c e l e r a t i o n  i n  t h i s  energy range  has  t o  b e  measured. The quadrupole  f i e l d s  

and bending magnets have t o  be  reduced accord ingly .  

How w i l l  t h i s  lower f i n a l  energy of t h e  deuterons  a f f e c t  a c c e l e r a t i o n  i n  i 
The maximum frequency range of  the new r f  c a v i t i e s  i s  2 .3  t o  4.8 MHzi t h e  AGS? 
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I n  t h i s  frequency range t h e  lower energy l i m i t  of t h e  deuterons seems t o  be  

67 MeV (p = 0.26, see Table  I). Hereby w e  assume t o  a c c e l e r a t e  deuterons 

us ing  t h e  24th harmonic t o  4.8 MHz and then  t h e  12th harmonic t o  t h e  f i n a l  

energy. 2'3 

I 

It is ,  however, un l ike ly  t h a t  w e  can reach t h i s  energy! I 

What w i l l  happen i f  w e  can only a c c e l e r a t e  up t o  40 MeV deuterons? 

A p o s s i b l e  procedure i s  t o  leave  one "old" r f  c a v i t y  i n  t h e  r i n g  (ope ra t iona l  

frequency range 1.4 t o  4.5 M c ) .  The 24th harmonic of t h i s  c a v i t y  w i l l  accel- 

erate deuterons of  40 MeV energy u n t i l  they  reach t h e  lower frequency range 

of  t h e  new system. I f  t h e  frequency range of t h e  "old" c a v i t y  reaches indeed 

4.6 o r  4.8 Mc, t h e  deuteron beam can be recaptured  by t h e  12th harmonic 

( f  = 2.3 Mc) of t h e  new c a v i t y .  

, 

I 

Another p o s s i b i l i t y  i s  t o  s tar t  wi th  t h e  36th harmonic of t h e  new c a v i t i e s ;  

u n t i l  t h e  deuterons reach t h e  frequency l i m i t  of  f = 4.8 Mc (pD = .364). 

it jumps back t o  t h e  24th harmonic u n t i l  t h e  deuterons reaches a g a i n  t h e  f r e -  

quency l i m i t  of  4.8 M c  a f t e r  which a t h i r d  tun ing  back t o  t h e  12th harmonic 

w i l l  f i n a l l y  accelerate t h e  deuterons t o  t h e  energy of 30 BeV/c .  

procedure seems t o  be  more complicated compared with t h e  f i r s t  so lu t ion ,  it 

has  t h e  advantage t h a t  i t  needs only one tun ing  system. 

Then 

Though t h i s  
~ 

I 
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a TD+ x %+ H+ D+ 
(cm) TH+ x %+ TD+ x %+ Energy (MeV) Energy (MeV) 'Deuteron TH+ x %+ Tank d .e  
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( t r a n s i t  t i m e  f a c t o r s  f o r  pro tons  and deuterons)  
0 c 
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0.42 

0.62 
0.45 

0.48 
0.33 

0.30 
0.21 
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0.23 

0.23 
0.18 

0.18 
0.13 

0.13 
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0.50 10.42 

0.70 10.42 
0.53 37.54 

0.57 37.54 
0.41 66.18 

0.38 66.18 
0.28 92.55 

0.38 92.55 
0.31 116.54 

0.30 116.54 
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0.25 138.98 
0.18 160.53 

0.18 160.53 
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0.09 200.30 
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0.259 (f=1.14Mc) 
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