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For many AGS u s e r s  t h e  f i g u r e  of m e r i t  f o r  AGS performance i s  

pro tons  de l ive red  p e r  p u l s e  
c y c l e  t i m e  R =  

This  i s  equ iva len t  t o  de l ive red  beam c u r r e n t .  On t h e  o t h e r  hand, many experi-  

ments i n  t h e  slow e x t r a c t e d  beam are s e n s i t i v e  t o  a n  e n t i r e l y  d i f f e r e n t  f i g u r e  

of m e r i t  

R‘  = e f f e c t i v e  s p i l l  l eng th  
c y c l e  t i m e  

The effect ive s p i l l  l eng th  depends on t h e  t o t a l  l e n g t h  of t h e  slow s p i l l  and 

a l s o  on i t s  “smoothness” o r  t i m e  un i formi ty .  

w e  may d e f i n e  a s p i l l  du ty  f a c t o r  as 

Ins t ead  of e f f e c t i v e  s p i l l  l eng th ,  

e f f e c t i v e  s p i l l  l e n g t h  
t o t a l  s p i l l  l e n g t h  DF = s p i l l  du ty  f a c t o r  = 

where t1 is t h e  earliest 2 - 5’ We might cons ider  t h e  t o t a l  s p i l l  l e n g t h  t o  be  t 

t i m e  t h a t  beam can  be  e x t r a c t e d  and t is t h e  start  of Siemens i n v e r t ;  t h i s  2 
d e f i n e s  t h e  maximum s p i l l l e n g t h p o s s i b l e .  

a n  i d e a l  beam wi th  no t i m e  s t r u c t u r e  and less than  100% f o r  real beams. 

The s p i l l  du ty  f a c t o r  is 100% f o r  

I f  w e  l e t  f ( t )  be  t h e  beam c u r r e n t  as a f u n c t i o n  of t i m e ,  then  the 

e f f e c t i v e  s p i l l  l e n g t h  is  g iven  by 
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A number of examples of t i m e  s t ruc tu re , and  t h e i r  e f f e c t  on s p i l l  du ty  

f a c t o r ,  are i l l u s t r a t e d  i n  Fig.  1. Severa l  of t h e s e  cases apply t o  t h e  AGS. 

Case 1 a p p l i e s  because t h e  s p i l l  does n o t  always f i l l  t h e  e n t i r e  t i m e  

a v a i l a b l e .  I f  w e  t r y  t o  avoid Case 1, then  Case 2 ( sp ike  a t  t h e  end of t h e  

s p i l l )  may develop. I n  a d d i t i o n ,  t h e  AGS slow ex t r ac t ed  beam can be  bunched 

as i n  Case 4 because of i n t e r a c t i o n  of t h e  beam w i t h  t h e  RF cavities; even 

though t h e  RF d r i v e  i s  o f f ,  t h e  beam c u r r e n t  induces a c a v i t y  v o l t a g e  t h a t  

rebunches t h e  beam. F i n a l l y ,  t h e r e  i s  a slow (5 - 1000 Hz) ampli tude modu- 

l a t i o n  of t h e  s p i l l  w i th  components l i k e  t h a t  shown i n  Case 5, caused by 

power supply r i p p l e ,  by o s c i l l a t i o n s  i n  t h e  s p i l l  se rvo  and by "lumpiness" 

i n  t h e  beam energy d i s t r i b u t i o n .  This  "lumpiness" i s  r e l a t e d  i n  t u r n  t o  

rebunching e f f e c t s  i n  t h e  cavit ies,  l ead ing  t o  a connect ion between slow 

s t r u c t u r e  and RF s t r u c t u r e .  

0 

Under optimum cond i t ions ,  t h e  AGS s p i l l  du ty  f a c t o r  is  approximately 

90%, b u t  i t  i s  sometimes cons iderably  worse. To h e l p  main ta in  optimum 

opera t ion ,  a monitor is  needed. To g e t  such  a monitor ,  t h e  c i r c u i t  of F ig .  2 

has  been set  up. This  c i r c u i t  measures a n  approximateion t o  Eq. (1) by 

count ing a c c i d e n t a l  coincidences between a s i g n a l  from a s c i n t i l l a t i o n  counter  

t e l e scope  t h a t  views one of t h e  t a r g e t s . a n d  t h e  same s i g n a l  delayed. 

i ng  on ope ra t ing  cond i t ions ,  t h e  counts  from any of t h r e e  t a r g e t  t e l e scopes  

may be  used. 

Depend- 

S ince  t h e  synchrotron frequency is s m a l l  compared t o  t h e  r o t a t i o n  f r e -  

may be used i n  Fig.  2. quency, a t i m e  de lay  equal  t o  the r o t a t i o n  per iod  t 

The r e s u l t  i s  e x a c t l y  equ iva len t  t o  looking a t  a c c i d e n t a l  coincidences be- 

tween two d i f f e r e n t  t e l e scopes  t h a t  are i n  t t m e  w i t h  each o the r .  The 

necessary  de lay  i s  

R 

2 m o  2 
t =-  = 2690 nsec R C 

where r i s  t h e  r a d i u s  of t h e  AGS (128.458 m), m is t h e  pro ton  mass, c i s  

t h e  v e l o c i t y  of l i g h t  and P = 29 G e V / c  i s  t h e  momentum. 

i s  i n  e r r o r  by no more than  30 nsec  down t o  P = 1 5  G e V / c .  

0 

The 29 G e V / c  va lue  

A de lay  of only one RF per iod ,or  about  1/12 of t h e  r o t a t i o n  per iod ,  is  

no t  adequate  because of t h e  rebunching occurs  a t  no t  only t h e  t w e l f t h  b u t  

a l s o  a t  o t h e r  harmonics of t h e  r o t a t i o n  frequency, and t h i s  harmonic mix 
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changes w i t h  ope ra t ing  cond i t ions  s o  t h a t  misleading r e s u l t s  could be  

obtained.  
e 

The e f f e c t i v e  s p i l l  l eng th  is c a l c u l a t e d  f o r  each p u l s e  by t h e  AGS 

c o n t r o l  computer i n  t h e  SEB monitor ing program "CLYDE" and i s  d isp layed  on 

t h e  SEB gene ra l  page. The formula used i s  

t~~~~ = EFSP x LO-' x (EFSP1)2/EFSP2 (2) 

where EFSPl and EFSP2 are t h e  s i n g l e  and co inc idence  counts  from Fig.  2 

and EFSP i s  a cons t an t  which corresponds t o  t h e  r e so lv ing  t i m e  i n  nsec  of 

t h e  co inc idence  c i r c u i t .  This  r e so lv ing  t i m e  depends on t h e  p u l s e  widths  

of t h e  d i s c r i m i n a t o r s  t h a t  d r i v e  t h e  coincidence u n i t  and t h e s e  widths  are 

determined by shor t ed  de lay  l i n e s ,  which g i v e  f i x e d  and s t a b l e  widths .  

r e so lv ing  t i m e  w a s  measured t o  be  54 nsec,  corresponding t o  EFSP = 54.  

The 

I n  a test, t h e  c i r c u i t  w a s  f e d  by p u l s e s  from a random p u l s e  . r  

genera tor  and t h e  ind ica t ed  t i m e  from Eq. (2) w a s  equal  t o  t h e  scaler g a t e  

t ime(ca1led TEFSP i n  t h e  computer program) t o  w i t h i n  5 pe rcen t  up t o  a s i n g l e s  

count ing ra te  of 0.4 MHz. 

from p u l s e  t o  p u l s e  i s  less than  4%. Therefore ,  f o r  b e s t  r e s u l t s ,  t h e  c i r c u i t  

should be  connected t o  a t e l e scope  w i t h  a n  average count ing rate, dur ing  t h e  

beam s p i l l ,  of 0 . 1  t o  0.4 MHz. A second p o i n t  t o  keep i n  mind is  t h a t  t h e  

e f f e c t i v e  s p i l l  v a l u e  obta ined  may vary  from t e l e scope  t o  t e l e scope  i f  

t h e r e  are magnet r i p p l e  o r  s t e e r i n g  v a r i a t i o n s  t h a t  g i v e  a t i m e  modulation 

t o  t h e  pro ton  t a r g e t i n g  a t  t h e  v a r i o u s  s t a t i o n s .  

A t  0 .1  MHz and above t h e  s ta t i s t ica l  f l u c t u a t i o n  

Provided one t akes  account of t h e  caveats i n  t h e  prev ious  paragraph, 

the computer d i s p l a y  of EFSP provides  a q u a n t i t a t i v e  measure t h a t  responds 

t o  RF s t r u c t u r e ,  r i p p l e  and o t h e r  s p i l l  e f f e c t s  i n  e x a c t l y  t h e  same way as 

an  experimenter ' s  appara tus .  

For d i a g n o s t i c  purposes,  some a d d i t i o n a l  c i r c u i t r y  that responds t o  RF 

s t r u c t u r e  only has  been provided. A time-to-amplitude-converter and mul t i -  

channel  ana lyzer ,  shown i n  Fig.  2, g i v e  a d i g i t a l  d i s p l a y  i n  the c o n t r o l  room 

of t h e  rebunching. An example i s  shown i n  Fig.  3 .  The amount of modulation 

i n  this d i s p l a y  depends on the amount of rebunching,and t h e  b e a t  p a t t e r n  

shows that rebunching occurs  on more than  one harmonic. 

several AGS pu l ses  t o  accumulate u s e f u l  information,  so  a c o n t r o l  of t h e  

accumulation per iod  i s  provided i n  t h e  c o n t r o l  room. 

This  d i s p l a y  r e q u i r e s  

I n  a d d i t i o n ,  t o  g i v e  a 
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s i n g l e  number t h a t  measures rebunching e f f e c t s  on a pulse-by-pulse b a s i s ,  

a coincidence c i r c u i t  and scaler EFSP3 are provided t o  measure t h e  ra te  of 

coincidences between t h e  te lescope  and i t s e l f  wi th  a delay of approximately 

(23/24)tR. The computer c a l c u l a t e s  t h e  quan t i ty  

SPLRF = EFSP3/EFSP2 (3) 

which i s  100% f o r  an  unbunched beam and less than 100% when bunching i s  present .  
This  quan t i ty  corresponds roughly t o  t h e  valley-to-peak r a t i o  i n  the  multichannel 
ana lyzer  d i sp l ay ,  Fig.  3. 

Both t h e  multichannel analyzer  d i sp l ay  and t h e  quan t i ty  SPLRF tend t o  

unde r s t a t e  t h e  amount of bunching present  because they depend on t h e  convolu- 

t i o n  of t h e  bunch shape wi th  i t s e l f .  For example, wi th  100% bunching as i n  

Fig.  1, Case 4 ,  w e  have SPLRF = 69%. 

The equipment w a s  i n s t a l l e d  and in t eg ra t ed  i n t o  t h e  AGS systems by 

E. G i l l  and S. Naase 

mn 

Dis t r ibu t ion :  AD P h y s i c i s t s  
AGS E .E . ' s  
Operations Coordinators 
Main Control Room 
E. G i l l  
S .  Naase 
T.  Wild 
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Case 1. 

Case 2. 

Case 3. 

Case 4 .  

Case 5. 

DC beam f o r  t i m e  T 

T DF = t - tl 2 

S p i k e  

DF % 
1 

1 + -- 
N: T% 

T i g h t l y  bunched beam 

DE = t g / T  

100% bunched beam, p a r a b o l i c  
bunch shape  

DF = 0.833 

S i n u s o i d a l  a m p l i t u d e  modulat ion 

1 
2 DF = 

1 + 11% (e) 
Genera l  case of f l u c t u a t i n g  beam 

F i g u r e  1 - Examples of s p i l l  t i m e  s t r u c t u r e  and i t s  e f f e c t  on s p i l l  d u t y  f a c t o r .  
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i 
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Modified f o r  4 ysec 
#1 R62AG7 -f R25S14 

8 2  R62AG8 + R25S15 

Figure  2 ~- E f f e c t i v e  s p i l l  monitor c i r c u i t .  



-7- AGS Div. Tech. Note 163 

Figure 3 - Multichannel analyzer displays of extracted beam RF structure. 
Horizontal scale: 0.42 usec/box. Conditions: CBM = 6 x 
Spill length: 1.15 sec. 

(a) At optimum settings; EFSP = 1.05 sec, DF = 92%. . 

(b) With off-frequency bias mistuned; EFSP = 0.70 sec, DjF' = 61%. 


