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DEUTERON ACCELERATION I N  THE AGS 

The process  of a c c e l e r a t i o n  deuterons and heav ie r  p a r t i c l e s  i n  t h e  AGS 

1 was s tud ied  as e a r l y  as 1962 by E.D. Courant. The engineer ing  d e t a i l s  of  

t h e  a c c e l e r a t i o n  process  has  been a l t e r e d  by t h e  hardware changes of t h e  AGS 

Conversion program, but  t h e  b a s i c  p r i n c i p l e  i s  unchanged. 

The r f  program f o r  deuteron  a c c e l e r a t i o n  has  t o  accommodate a p a r t i c l e  

v e l o c i t y  range from 0.283 c t o  c .  I f  a cons tan t  harmonic number was used 

throughout t h e  a c c e l e r a t i n g  process ,  t h e  r f  frequency would be  r equ i r ed  t o  

sweep a frequency r a t i o  of  3.53 t o  1. This  i s  beyond t h e  c a p a b i l i t y  of t h e  

new r f  system p r e s e n t l y  being i n s t a l l e d .  This  system w a s  designed t o  cover 

t h e  frequency r eg ion  of 2.5 t o  4.45 MHz. 

reduced v o l t a g e  t h e  system can be  opera ted  over a wider frequency range (2.3 

t o  4.8 MHz). 

However, tes ts  have shown t h a t  wi th  

This  extended frequency r eg ion  w i l l  not accommodate ope ra t ion  

wi th  f ixed  harmonic numbers, it w i l l  accommodate t h e  necessary p a r t i c l e  v e l o c i t y  

change w i t h  a s i n g l e  change i n  harmonic number. Acce le ra t ion  can s tar t  on t h e  

24th harmonic ( f  = 2.52 MHz) proceed u n t i l  t h e  frequency reaches  4.8 M'Hz a t  

which t i m e  t h e  harmonic number i s  reduced t o  12 and t h e  frequency t o  2.4 MHz. 

The deuterons  can then  be  a c c e l e r a t e d  t o  f i n a l  energy. The frequency w i l l  

approach 4.45 MHz. 

I 

1. E.D. Courant, "Acce lera t ion  of De,uterons o r  Alpha P a r t i c l e s  i n  t h e  AGS," 
BNLAccel. Dept. I n t .  Rep. EDC-49 (1962). 
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The rate of  change of  frequency during t h e  e a r l y  p a r t  of t h e  acce le ra -  

t i o n  process ,  (h = 24) can exceed t h e  c a p a b i l i t i e s  of  t h e  r f  tun ing  system. 

But, i f  t h e  ra te  of a c c e l e r a t i o n  i s  slowed dur ing  t h i s  p a r t  of t h e  cyc le ,  

t h i s  l i m i t a t i o n  can be  overcome. 

a 
This  i s  compatible wi th  t h e  reduced r f  

r equ i r ed  t o  extend t h e  frequency reg ion .  

The change i n  harmonic number can be  accomplished dur ing  a pause i n  t h e  

a c c e l e r a t i o n  process .  Magnet c u r r e n t  dur ing  t h i s  t i m e  i s  he ld  cons t an t  by 

t h e  f l a t  t o p  system normally used f o r  beam e x t r a c t i o n .  The beam i s  debunched 

by a d i a b a t i c a l l y  reducing t h e  r f  amplitude.  A one mi l l i second t i m e  cons t an t  

f o r  t h e  r educ t ion  of  t h i s  v o l t a g e  appears  ample, s i n c e  t h e  phase o s c i l l a t i o n  

frequency a t  t h i s  t i m e  i s  5.63 kHz ( l / w s  = 0.2 msec). 

tun ing  c u r r e n t  i n  t h e  r f  a c c e l e r a t i n g  c a v i t i e s  must be reduced t o  t h a t  r equ i r ed  

With t h e  r f  o f f  t h e  

f o r  t h e  new frequency. 

100 mi l l i seconds .  

With p re sen t  equipment t h i s  w i l l  t a k e  approximately 

The beam can now b e  rebunched on t h e  12th  harmonic. During t h e  next 

15 mi l l i s econds  t h e  a c c e l e r a t i o n  process  i s  s t i l l  l imi t ed  by a frequency change 

rate. 30 GeV w i l l  be a t t a i n e d  i n  660 mi l l i seconds  and 33 GeV i n  710 mi l l i seconds .  

During a c c e l e r a t i o n  on t h e  24th harmonic a r f  gap v o l t a g e  of 5 kV per  gap 
- .  

appears  f e a s i b l e  wi th  t e n  s t a t i o n s  as planned and 4 gaps . .  per  s t a t i o n  a 200 k V  1 

r f  crest  i s  a v a i l a b l e .  A f t e r  t h e  change t o  t h e  12th  harmonic, t h i s  v o l t a g e  can 

b e  doubled. 

The fol lowing f i g u r e s ;  magnet vo l t age ,  k i n e t i c  energy, energy ga in  per  

t u r n s  and s t a b l e  phase angle ,  a c c e l e r a t i n g  frequency, and phase o s c i l l a t i o n  I 

frequency a l l  v s  t i m e ,  f u r t h e r  d e s c r i b e  t h i s  process .  
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