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FAST-SLOW EXTRACTION AT FlO INDUCED BY THE FAST KICKER 

The purpose of t h i s  no te  i s  t o  r e p o r t  t h e  success fu l  accomplishment 

of  fas t -kicker- induced resonance ex t r ac t ion '  i n  t h e  FlO e x t e r n a l  beam 

channel  a t  momentum p M 30 BeV/c and s p i l l  du ra t ion  w 200 psec.  This  

mode of  e x t r a c t i o n  i s  o f  cons ide rab le  i n t e r e s t  f o r  f u t u r e  bubble chamber 

ope ra t ions  i n  t h e  E l 0  e x t e r n a l  beam, g iv ing  t h e  p o s s i b i l i t y  of pos i t i on ing  

incident:  p a r t i c l e s  i n  t h e  chamber wi th  a sweeping magnet and thus  obta in ing  

optimum t r a c k  d e n s i t y  over a l a r g e r  f r a c t i o n  of t h e  chamber volume than  i s  

p r e s e n t l y  p o s s i b l e  wi th  rn 10 nsec s i n g l e  bunch e x t r a c t i o n  e 

number of u s e f u l  events  p e r  p i c t u r e  can  thereby be increased .  

advantages of "fast-slow" resonance e x t r a c t i o n  inc lude  (1) smaller h o r i -  

z o n t a l  emi t tance  of t h e  e x t r a c t e d  beam and thus  smaller s i ze  o f  t h e  source 

f o r  secondar ies  than  can be  a t t a i n e d  wi th  present  FEB e x t r a c t i o n ;  hence, 

improved mass r e s o l u t i o n  i n  sepa ra t ed  beams, and (2) a b i l i t y  t o  c o n t r o l  t h e  

q u a n t i t y  of e x t r a c t e d  pro tons  by vary ing  t h e  magnitude o r  d u r a t i o n  of t h e  

f a s t  k i cke r  pu l se ,  making p o s s i b l e  a s m a l l  s p i l l  (- 10 p ro tons )  p r e s e n t l y  

accomplished wi th  poor e f f i c i e n c y  by ' d i f f r a c t i o n  s c a t t e r i n g  from an  i n t e r n a l  

t a r g e t .  

' 2  
The t o t a l  

Other 

. 
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The method f o r  s t i m u l a t i n g  resonance e x t r a c t i o n  wi th  t h e  f a s t  k i cke r  

was as fo l lows:  The beam d r i f t e d  r a d i a l l y  outward during " f l a t - top"  toward 



t h e  vh= 8-2/3 resonance r a d i u s  wi th  the slow beam (SEB) sextupoles ,  back- 

l e g  windings and e j e c t o r  magnets energized as i n  normal SEE e x t r a c t i o n  . 
A t  a n  a p p r o p r i a t e  t i m e  p r i o r  t o  t h e  po in t  when t h e  beam equ i l ib r ium o r b i t  

c rossed  t h e  resonance  r a d i u s ,  t h e  f a s t  k i cke r  was energ ized  and imparted 

a n  a n g l e  increment t o  pro tons  i n  a small f r a c t i o n  of t h e  machine azimuth. 

The p a r t i c l e s  t hus  a f f e c t e d  cont inue  t o  execute  l a r g e  ampli tude coherent  

b e t a t r o n  o s c i l l a t i o n s  ( t h e r e  is no mechanism f o r  damping t r a n s v e r s e  

o s c i l l a t i o n s  i n  t h e  AGS) about  t h e  unperturbed equi l ibEium o r b i t .  A s  t h e  

equ i l ib r ium o r b i t  approached t h e  resonance r a d i u s ,  t h e  t r i a n g u l a r  r eg ion  

of s t a b i l i t y  i n  t h e  t r a n s v e r s e  phase p lane  ( t h e  s e p a r a t r i x )  c o n t r a c t s  and 

e v e n t u a l l y  t h e  "kicked" p a r t i c l e s  a re  no longer  conta ined  w i t h i n  t h e  

s e p a r a t r i x .  The p a r t i c l e s  i n  t h e  uns t ab le  r e g i o n  then  execute  b e t a t r o n  

o s c i l l a t i o n s  of i n c r e a s i n g  ampli tude wi th  t h e  same growth ra te  (and thus  

e x t r a c t i o n  e f f i c i e n c y )  as i n  t h e  normal SEE s p i l l ,  and a r e  e x t r a c t e d  wi th  

t h e  F5 and FlO e j e c t o r  magnets. 

3 

For t h e  experiment r e p o r t e d  h e r e ,  f l a t - t o p  s tar t  t i m e  w a s  873 msec, SEB 

sextupoles ,  quadrupoles ,backleg windings and e j e c t o r  magnets were f u l l y  energ ized  

a t  900 msec and magnet c y c l e  " inver t"  t i m e  was  1332 msec. The f a s t  k i c k e r  

w a s  energ ized  a t  t = 1000 msec i n  t h e  s i n g l e  bunch mode (170 nsec r ise  t i m e ,  

4 20 nsec f l a t - t o p ,  300 nsec f a l l  t i m e  ); t h u s  only  a small f r a c t i o n  of t h e  

c i r c u l a t i n g  beam (2.69 psec p e r  r evo lu t ion )  was a f f e c t e d  by t h e  maximum 

f a s t  k i c k e r  d e f l e c t i o n .  The f a s t  k i c k e r  de l ay  l i n e  v o l t a g e  w a s  43 kV which 

corresponds t o  a peak d i p o l e  s t r e n g t h  of N 1 kG-meter 

a n g l e  increment o f -  1 mrad a t  p = 30 B e V / c .  

comparable t o  t h e  w 1.34 mrad a n g l e  width o f  t h e  c i r c u l a t i n g  beam which can 

b e  c a l c u l a t e d  from t h e  r e l a t i o n  ax' = 2 s  wi th  h o r i z o n t a l  beam emi t tance  

t aken  as E = n e  = .lo217 inch-mrad and Y = 4.371 

s e c t i o n  L10 obta ined  from c a l c u l a t e d  AGS parameters  . F i n a l l y ,  t h e  f l a t - t o p  

4 and r e s u l t s  i n  an 

Th i s  a n g l e  displacement i s  

inch-' a t  s t r a i g h t  

5 
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s lope  was empi r i ca l ly  ad jus t ed  s o  t h a t  t h e  beam equ i l ib r ium o r b i t  approached 

but  d id  not  c r o s s  t h e  resonance r a d i u s ;  thus ,  t h e  normal slow s p i l l  w a s  

suppressed and t h e  p a r t  o f  t h e  beam unaf fec ted  by t h e  fast  k i cke r  remained 

i n  t h e  machine u n t i l  " inver t" .  We were t h u s  a b l e  t o  r e a d i l y  d i s t i n g u i s h  t h e  

fast-s low s p i l l  component a t  t= 1000 msec. 
Eb 

The s p i l l  was observed wi th  a l u c i t e  Cerenkov counter  pos i t i oned  near  a 

co l l ima to r  i n  t h e  "R" channel  approximately 45 f t .  downstream o f  t h e  FlO 

e j e c t o r  magnet and wi th  i n s u l a t e d  p l a t e s  a t  t h e  end of t h e  "S" channel  

approximately 270 f t .  from E10. 

had adequate  frequency response (I- 

The counter  w a s  t e rmina ted  wi th  47ohl and 

- 1 psec) ;  t h e  counter  s i g n a l  was d isp layed  r c" 

on a Tektronix 422 osc i l l o scope  wi th  h o r i z o n t a l  swee.p speed of 100 psec ld iv  

and i s  shown i n  P ig .  1. The s p i l l  e x h i b i t s  peaks wi th  M 8 psec spacing as 

expected s i n c e  t h e  kicked p a r t i c l e s  are  i n  t h e  c o r r e c t  r a d i a l  p o s i t i o n  f o r  

e x t r a c t i o n  a t  P5 only  once i n  t h r e e  r evo lu t ions  about  t h e  AGS. 

t o  make a r e l i a b l e  measurement of t h e  amount of  beam ex t r ac t ed  wi th  e y i s t i n g  

ins t rumenta t ion ;  t h e  e x t e r n a l  beam w a s  less than  1% of t h e  normal SEB s p i l l  

(-. 10 

secondary emission counter  s i g n a l .  

Teproducible i n  ampli tude,  du ra t ion  and s tar t  t i m e  f o r  many consecut ive  AGS 

pu l ses .  

W e  were unable 

12 
p ro tons lpu l se )  as  est imated from t h e  d i g i t a l  readout  o f  a n  i n t e g r a t e d  

The s p i l l  was observed t o  be q u i t e  

Other methods have been suggested and u t i l i z e d  f o r  a fas t - s low s p i l l .  

6 Reich 

t h a t  m u l t i t u r n  e x t r a c t i o n  would be i n e f f i c i e n t  f o r  t h e  beam s i z e ,  septum 

th i ckness  and s p i l l  du ra t ion  of  i n t e r e s t  h e r e .  

i n t e r e s t i n g  p o s s i b i l i t y  of s t imu la t ing  slow e x t r a c t i o n  by apply ing  a n  r f  

p e r t u r b a t i o n  t o  d r i v e  p a r t i c l e s  i n t o  t h e  uns t ab le  r eg ion  of  t h e  phase p lane .  

The r e s u l t i n g  s p i l l  du ra t ion  and magnitude could be c o n t r o l l e d  by vary ing  t h e  

r a t e  of change of  rf frequency and vol tage .  The s p i l l  w i l l  e x h i b i t  s t r u c t u r e  

h a s  d iscussed  m u l t i t a r n  and resonance e x t r a c t i o n  techniques  and shows 

Robertson7 has  considered t h e  
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(4  psec  spac ing )  s imilar  t o  t he  f a s t - k i c k e r - i n d u c e d  s p i l l .  For cases 

where t h e  f a s t - s l o w  s p i l l  p recedes  a normal AGS s low s p i l l ,  the  rf t e c h n i q u e  

cou ld  have a n  impor t an t  advan tage  compared t o  t h e  f a s t  k i c k e r  method--in the  

la t te r  method a "hole" remains  i n  the c i r c u l a t i n g  beam which c o u l d  r e s u l t  i n  

o b j e c t i o n a b l e  modula t ion  o f  the  SEB. I n  t he  r f  method the c i r c u l a t i n g  beam. 

i s  de-popula ted  more uni formly .  

The CERN PS method f o r  f a s t - s l o w  s p i l l  h a s  been r e sonance  e x t r a c t i o n  a t  

" i n v e r t r '  i n  which p a r t i c l e s  remain ing  i n  t h e  machine a f t e r  t h e  f l a t - t o p  SEB 

are e j e c t e d  i n  approx ima te ly  1 msec . 8 A s imilar  c a p a b i l i t y  e x i s t s  a t  t h e  

AGS. T h i s  method r e s u l t s  i n  a s p i l l  w i t h o u t  t h e  s t r u c t u r e  i n h e r e n t  i n  t h e  

rf and f a s t  kicker t e c h n i q u e s  and has t h e  a d d i t i o n a l  advan tage  o f ' n o t  
, 

p e r t u r b i n g  the normal SEB s p i l l .  Bowever, w e  are  l i m i t e d  i n  t h i s  method t o  

one s p i l l  p e r  AGS c y c l e  whereas  t he  r f  and fast  k i c k e r  methods a r e  c a p a b l e  

o f  i n u l t i p l e  s p i l l s  p e r  c y c l e  w i t h  a p p r o p r i a t e  programming o f  the  f l a t - t o p .  

D i s t r :  Department A d m i n i s t r a t i o n  
AGS D i v i s i o n  Staff  
EP & S D i v i s i o n  S t a f f  
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