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Abs t r ac t  . 
W e  use PATRICIA t o  s tudy  t h e  q u a l i t y  of t h e  m u l t i p o l a r  c o n t r i b u t i o n  i n  t h e  

Window Frame Dipoles  (WFD) . In o rde r  t o  avoid p o s s i b l e  n o i s e  w i t h  i n s e t i o n s ,  

w e  on ly  u s e  81 c h a r a c t e r i s t i c  R H I C  ce l l :  As w e  want t o  make a comparison w i t h ?  

a v a i l a b l e  informat ion  on t h e  Dedicated R H I C  d i p o l e s  (DRD), w e  only  determine t h e  

a p p e r t u r e  of  WFD ' f o r  some v a l u e s  of . A ? / P I .  
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This exercise is  made in, o r d e r  t o  p rov ide  informat ion ,  from the dynamical p o i n t  

o f , v i e w ,  of p o s s i b l e  magnets t o  b e  used in RHIC.  T h i s  s tudy  h a s  a l r e a d y  been made 

f o r  the ded ica t ed  WIG d i p o l e s  , and w e  w i l l  t a k e  it as r e f e r e n c e  t o  compare the 

WFD’results. The s t r u c t u r e  o f . t h e  ce l l s  are of t h e  FODO t y p e  w i t h  a d i p o l e  (1.0.7m) i n  
between. Two f a m i l i e s  of s ex tupo les  (wi th  zero  . l engh t )  have been used t o  c o r r e c t  

the natural  c r o m a t i c i t y  t o  a z e r o  va lue .  One family i s  in  t h e  center of the 

focus ing  quadrupole .and  the o t h e r  i n  the center of the defocus ing  quadrupole.  The 

m u l t i p o l a r  c o n t r i b u t i o n  t o  i d e a l  d i p o l e s  i s  s imula ted  w i t h  z e r o  l engh t  mul t ipo le s  

i n  the edges of d ipo le s .  This i s  a rough approach, and work t o  t a k e  a b e t t e r  

i n t e g r a t i o n  a long  d i p o l e s  i s  under  p rogres s .  
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I Usual ly  peop le  in  magnet: des ign  u s e  c o e f f i c i e n t s  (b,> that  g i v e  d i r e c t l y  t h e  

d e v i a t i o n  of the f i e l d , ’ r e s p e c t  B , i n  a certain reference p o i n t ,  i.e. 

bn . 
-19.2201 

4 2 .9791~10  

, where go is  the r e f e r e n c e  p o i n t )  
L 

20 

while. P a t r i c i a  use as i n p u t  c o e f f i c i e n t s  ba given  by . 

25 -.01 -8 .00434~10 . I  

Thesobvious r e l a t i o n  between t h e m  is  
I 

2 The c o e f f i c i e n t s  bk. have been provided by J; Jackson, and f o r ,  low f i e l d  dopoles  

(1.9T) I t h e y  are as fo l lows  ( o t h e r s  w i c h  are n o t ’  shown are ze ro  f o r  n/< 22) 

.02. 

.01 

7 1.15441~101 
22 5 .16408~10 g q  

The q u a l i t y  of the d i p o l e  f i e l d  i s  measured making.*a comparision between 

maximun beam s i z e  f o r  i d e a l  magnets (no mul t ipo le s )  and maximum beam s i z e  when 

mult iDoles  are inc luded .  The beam s i z e  i n  one d i r e c t i o n  i s  determined w i t h  the 

6 f u n c t i o n - a s  ~ ( 5 )  = , emi t tance  and the. 
H 

F 0 r . a  g iven  a p e r t u r e  of t he i e l emen t s  i n  t h e  r i n g ,  w e  count the number of t u r n s  

t h a t  a p a r t i c l e  can g i v e  i n  t h e  ring; wi thout  exceed f n  ampl i tude  the a p e r t u r e  impo- 

sed.  This  w i l l  * g i v e  .information about  t h e  physi’cal a p e r t u r e .  When 
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this p h y s i c a l  b a r r i e r  i s  made t o o  l a r g e  (1000 mm), w e  w i l l  haves in fo rma t ion  

about  the dynamical s t a b i l i t y  of the beam, i .e. the dynamical a p e r t u r e ,  

- -  

-- We chose i n  PATRICIA a r e f e r e n c e  emittance of Eo - - 0 , 5 T  x loL h - d  

in terms of i ts*uni ts ,emit tance is  c o n t r o l l e d  by a parameter A in the way 

fi = (*)'EQ 
Changing A w e  can see t h e  number of t u r n s  a p a r t i c l e  can g i v e  in the r i n g .  

l,,- D y n a m i c a l  Aper ture  of Dipoles.  

W e  w i l l  p r e s e n t  results in the same.way as i n  1). 

A 
T 

has t h e  same meaning as before .  

B is  the number of turns t h e c , p a r t i c l e  w i l l  g i v e  i f  i t s  ampli tude does n o t  )I 

exceed t h e  a p e r t u r e  given.  
I ,  

C 

D=beam size=(x2+y2)'. With '= c ~ =  
i s  the number of turns  the p a r t i c l e ,  g i v e s  in the, r i n g .  

€3 
A t  the end of d i p o l e s  Q K  f l  52.3 VL\. 

Table 1.- Dipoles  w i t h  no mul t ipo le s  have l a r g e r  dynamical a p e r t u r e  t h a t  

s'hown ( taken  from r e f e r e n c e  1) 

+0.2 99 (100):,8 101 (62) 50.86 D 251.8 

0.0 109(100) ,v 111(93) 56.0 5 D'L56.9 

-0.2 107 (100):; 109 (100) 54 .95D f56 .O 

Table  11.- Dipoles  Q i t h  Window Frame mul t ipo le s .  D y n a m i c a l  a p e r t u r e .  

L a s t  t a b l e  shows that  a t  A ~ = - J  the dynamical a p e r t u r e  of WFD i s  rrr 20 mm: b igger  
P 

than  the corresponding DRD a p e r t u r e .  

2.- Phys ica l  Aper tu re ,o f  Dipoles.  

To ,de termine  how s t a b l e  i s  the.beam near t h e  ope ra t ion  emittance, a physi-  - 



c a l  a p e r t u r e  of 30 mm has  been taken i n . t h e  elements of t h e  l a t t i ce .  Next ta- 

b l e  shows t h e s e  r e s u l t s .  . 

e/?:. (73 A ( B ) ,  A(C) 

+0.2 , 48(100), 50(6) 

50C100) 52(13) 

-0.2 44(100), 46(25) 

0.0 

D (mm) 

: . . 2 4 . 6 I D < 2 5 . 7  

25.7 < DC26.7 

22.6 < D 4  23.6 

Table ,  111. - Dipoles wi th  Window #>Frame mul t ipo les .  Phys ica l  a p e r t u r e .  

If w e  cons ider  that t h e  phys ica l  a p e r t u r e  f o r  i d e a l  d i p o l e s  (without mul t i -  

po les )  is of t h e  same magnitude a s  f o r  DRD, *.(26.7SD-C27.7), then  f o r  t h e  WFD, 

t h e  phys ica l  a p e r t u r e  i s  - 1  mm smaller. F i n a l l y  w e  must t o  po in t  ou t  t h a t  t h i s  

i s  n o t  t h e z e a l p h y s i c a l  ape r tu re .  In o r d e r : t o  determine it is  necesary ,  as w e  

a l r eady  menciones it, t o  i n t e g r a t e  t h e  e f f e c t s  o f - m u l t i p o l e s  i n  -smaller p ieces  

i n  each d ipole .  I 
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