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TOLERANCES FOR THE QUADRUPOLES I N  LINAC AND HEBT 

The quadrupoles i n  the  l i n a c  and HEBT form a near ly  per iodic  harmonic 

focusing l a t t i c e .  Its elementary c e l l  i s  sketched i n  Fig.  1. The departure  

from pure pe r iod ic i ty  stems from a gradual increase  of the  d r i f t  length .9, 

and f o c a l  lengths  l / q  from the  entrance of t he  l i n a c  towards the  i n f l e c t o r .  

Fig. 1 

For the  be ta t ron  phase advance per  c e l l  one f inds  

It may be noted t h a t  i f  &q and G q  a r e  kept cons tan t ,  the  phase advance per 

c e l l  i s  independent of c e l l  length and p a r t i c l e  energy. 
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Ins ide  the  l i n a c ,  quadrupole p a i r s  a r e  e l e c t r i c a l l y  i n  s e r i e s ,  so  t h a t  

dql/ql = dq2/q2 = dq/q i n  response t o  power supply va r i a t ions .  

we have 

Using t h i s  

_ -  "cel l  ) - 2 t an  ( "ce l l  

Since the re  a r e  286/2 = 143 mutually independent quadrupole p a i r s  one expects 

f o r  t he  e r r o r  i n  phase advance i n  t h e  whole acce le ra to r  due t o  random e r r o r s  

i n  t h e  power suppl ies  of r m s  magnitude dq/q 

2 = 2 t a n  "1 t i n a c  

M 24 t a n  ( "cell ) 2 . 
I f  t h e  quads a r e  ind iv idua l ly  ad jus t ab le ,  t he  phase advance e r r o r  due t o  

random adjustment e r r o r s  dq/q i s  much l a rge r  and becomes 

. 

Some numerical r e s u l t s  a r e  given i n  Table I. 

Table I 

"ce l l  "1 t i n a c  "2 t i n a c  

(rad) dq/q dq/q 

n/2 24 29 

n/4 10 20 

1 7  sma 11 l2 "ce l l  
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helps t o  reduce the e r ror  i n  phase advance due c e l l  Apparently a s m a l l  AY 

t o  power supply var ia t ion.  

The HEBT system contains 9 c e l l s  up t o  Q18, the  f i r s t  quadrupole of 

the  AGS matching section. The quads a r e  mutually independent and the  

phase advance per c e l l  i s  n/2 rad. This y ie lds  fo r  the expected e r ro r  i n  

phase advance 

= 7.2 dq/q . AYHEBT 

Assuming tha t  t he  l inac  runs a t  n/4 r a d l c e l l ,  the  net expected e r ror  due t o  

power supply var ia t ion  i s  

I f  w e  s e t  a l i m i t  AY and require  95% cer ta in ty  t h a t  the ac tua l  l A Y  system I *Y$ 4 
w e  have t o  impose 

- - .  - -  .____ 

I f  t h i s  c r i t e r i o n  for  the r m s  e r ro r  i n  the  power supplies i s  s a t i s f i e d  

the ac tua l  e r ror  i n  phase advance w i l l  s t ay  within the specified bounds 

fo r  95% of the t i m e .  With 
.- - -  _ _  . - _ _  - .  _ - -  

AY4 = 0.1 rad 

Because of the t i gh t  coupling between the horizontal  and v e r t i c a l  components 

of the  focusing forces  sa t i s fy ing  our c r i t e r i o n  fo r  one d i rec t ion  implies 

t ha t  the motion i n  the other i s  a l so  within tolerance,  
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