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R H I C  Decapole Correc t ion  Magnet Requirements 
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In t roduc t ion  

The need f o r  co r rec to r  magnets t o  compensate t h e  sys temat ic  s a t u r a t i o n -  
induced decapole e r r o r  i n  RHIC dipoles  was pointed ou t  i n  a previous 
repor t1 .  
t r a c k i n g  s t u d i e s  are summarized, 
the r ecogn i t ion  tha t  the  tune  s h i f t  due t o  t h e  s a t u r a t i o n  b4 can only be 
p a r t i a l l y  co r rec t ed  and tha t  t h e  r e s i d u a l  tune  s h i f t s  a r e  a t  the to l e rance  
l i m i t  f o r  nominal beam i n t e n s i t i e s .  
reduct ion  of b4 a t  the source  is requ i r ed  i n  order  not  t o  preclude f u t u r e  
luminosi ty  improvements i n  R H I C .  

I n  t h e  present  no te ,  r e s u l t s  from more detailed a n a l y t i c  and 
The most important aspec t  of t h i s  s tudy  was 

The conclusion was reached tha t  a 

The t u n e s h i f t  due t o  decapole e r r o r s  

The hor i zon ta l  and v e r t i c a l  be t a t ron  tune  s h i f t s  caused by decapole 

Avx = 6 (hp g2 + hx cX + hy E ~ )  

f i e ld s  can be w r i t t e n  i n  l i n e a r  approximation as 
1 ’  

= 6 (vp 62 + vx EX + vy E Y )  AvY 

B 
wi th  E def ined by the be ta t ron  func t ion  and t h e  be t a t ron  amplitude A 

n 2  

and the momentum e r r o r  

Analy t ica l  expressions for  t h e  c o e f f i c i e n t s  a r e  given by293 

6 = - .  AP 
P .  

vp = - - 1 Jb4 8, xP3 ds  
TP 

vx = - l b 4  Bx By Xp ds 2TP 

where p is the bending r a d i u s  i n  the d ipo le s  and the i n t e g r a l s  have t o  be 
evaluated over the e n t i r e  r i n g ,  i .e.,  a l l  d ipo le s  and co r rec to r  magnets. 

. .  
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I n  Table I ,  the numerical  values  f o r  the t u n e s h i f t  c o e f f i c i e n t s  obtained 
from the above a n a l y t i c a l  express ions  are l i s t e d  ( A )  and compared wi th  
t r ack ing  r e s u l t s  ( T I .  
var ious  con t r ibu t ions ,  the c o e f f i c i e n t s  i n  Table I are normalized t o  the  
nominal momentum spread and the 6 0  emit tance of Au beams a t  100 GeV/amu 

I n  o rde r  t o  h i g h l i g h t  the r e l a t i v e  s t r e n g t h  of the 

and it is assumed tha t  E ,  + cy =  EA^. 
now read 

The normalized t u n e s h i f t  expressions 

Av, = D [Hp D2 + H, E - Hy ( 1  - E ) ]  

AvY = -D [Vp D2 + Vx E - Vy ( 1  - E ) ]  

with 

and E = E ~ / E A ~ .  

Table I. Decapole tune  s h i f t s  of Au ions  a t  100 GeV/amu 
with 6 = 2.6 x 10-3 and E = 1 . 8 1 ~  x 10-6 m 

Dipole* Correct  or  Correct  or  

x b4 x b i  R/L x bb R/L 

A 3.0 6.85 0.25 
HP T 2.68 6.6 0.14 

A =  13.34 27.43 0.75 
HX T 12.14 30.58 0.47 

A 20.03 12.19 6.73 
T 17-03 11.84 4.81 

A 2.7 1.53 1 . I 5  
vP T 1.99 1 . 1 9  0.80 

A 20.03 12.19 6.73 
VX T 1 6 . 1 4  10.12 4.71 

A 11.66 1.36 15.14 
vY T 9.88 0.54 14.46 

*Dipole l e n g t h  L = 9.5 m ,  c o r r e c t o r  l e n g t h  R = 0.5 m 
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Using the va lues  of Table I and the  expected b4 = 6 x one f i n d s  
the  uncorrec ted  tune  s h i f t s  f o r  t h e  nominal Au beams a t  lOO.GeV/amu of 

A% AVV 

E = 0 10.2 T 5.4 10-3 
E = l  T 9.8 T 13.6 10-3 

Tunesh i f t s  of t h i s  magnitude are unacceptably l a r g e  and c o r r e c t i o n  of 
the s a t u r a t i o n  induced decapole i n  t he  d i p o l e s  is requ i r ed .  

Correc t ion  of the decapole e r r o r  

Complete c o r r e c t i o n  of the tune  s h i f t  due t o  the decapole e r r o r  with a 
two fami ly  decapole c o r r e c t o r  system, (one fami ly  each a t  QF and Q D )  is not 
poss ib l e .  
One approach would be t o  r e q u i r e  tha t  f o r  the nominal p a r t i c l e  

Therefore an rms minimization of the  r e s i d u a l  e r r o r  was considered. 

F = F(bF, bD) = I1(Avg + Av2) dE = Min 
Y 0 

l ead ing  t o  a l i n e a r  s e t  of equat ions  i n  bF and bD 

aF 0 and - = 0 aF - =  
abF abD 

Another approach suggested by Parzen is t o  r e q u i r e  only  t h a t  the 
f u n c t i o n  

I n  view of the  l i n e a r  dependence of the tune  s h i f t s  on the  c o r r e c t o r  
s t r e n g t h ,  a s impler  and i n  fact  bet ter  s o l u t i o n ,  suggested by Hahn, is 
obta ined  by r e q u i r i n g  

Av X (E=O) = AvX(E=l) = Avy(E=O) 

l ead ing  t o  t h e  2 l i n e a r  equat ions  i n  bF and bD 

Hx + Hy = 0 

Hy - Hp + Vy - Vp = 0 and 
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The decapole c o r r e c t o r  s t r e n g t h s  r equ i r ed  fo l lows  as 

b R = - 0.633 b4 L ( a n a l y t i c a l )  

= - 0.554 b4 L ( t r a c k i n g )  

R = - 1.107 b4 L ( a n a l y t i c a l )  

= - 1.075 b4 L ( t r a c k i n g )  

F 

b D 

The r e s i d u a l  tune  s h i f t s  f o r  the nominal Au p a r t i c l e  after c o r r e c t i o n  now 
become, based on a n a l y t i c a l  as well as t r a c k i n g  r e s u l t s ,  

This tune  s h i f t  would be accep tab le ,  however, i n  o rde r  t o  preserve  the  
p o s s i b i l i t y  of f u t u r e  improvements i n  the beam i n t e n s i t y ,  a r educ t ion  of t h e  
s a t u r a t i o n  decapole i n  the d i p o l e  would be desirable. 
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