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Coarse Aperture  Study 
f o r  t h e  

Window Frame Dipoles  i n  RHIC 

Armando A n t i l l &  
BNL, August 3, 1984 

ABSTRACT 

W e  use PATRICIA t o  s tudy  t h e  q u a l i t y  of t h e  mul t ipo la r  c o n t r i b u t i o n  i n  t h e  
Window . .  Frame Dipoles  (WFD). I n  order  t o  avoid p o s s i b l e  no i se  wi th  i n s e r t i o n s ,  
we on ly  use  81 c h a r a c t e r i s t i c  RHIC cell. As  we want t o  make a comparison wi th  
a v a i l a b l e  information on the  Dedicated RHIC d i p o l e s  (DRD), we on ly  determine the  
a p e r t u r e  of WFD f o r  some va lues  of ApP/p. 
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Th i s  exercise i s  made i n  o r d e r  t o  p rov ide  informat ion ,  from the dynamical p o i n t  

1 
of view, of p o s s i b l e  magnets t o  be  used i n  RHIC.  This s tudy  has a l r e a d y  been made 

f o r  the ded ica t ed  RT3IC 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 r e s u l t s .  The s t r u c t u r e  of the cells are of the FODO t y p e  w i t h  a d i p o l e  f"o.7m) i n  

between. Two f a m i l i e s  of s e x t u p o l e s  ( w i t h  ze ro  l e n g t h )  have been used t o  c o r r e c t  

the n a t u r a l  c h r o m a t i c i t y t o  a z e r o  va lue .  One fami ly  i s  i n  the 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 e n g t h  m u l t i p o l e s  

i n  the edges of d i p o l e s .  This  is  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  is under p rogres s .  
I 

Usual ly  people  i n  magnet des ign  u s e  c o e f f i c i e n t s  (bn) that  g i v e  d i r e c t l y  the 

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 r e f e r e n c e  p o i n t ,  i.e. 

bn I 4 bn x 10 ( a t  2.54 cm) 

-.08 -19.2201 
4 .08 2 .9791~10  

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

8 

18 

20 

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

7 

22 

25 

.02 1 .15441~10  

. O l  5 .16408~10 

-.01 -8 .00434~10 

The obvious r e l a t i o n  between them i s  
I 

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

( g 1 . 9 T )  t h e y  are as fo l lows  Laer l ;  whichare n o t  shown are z e r o  f o r  11422) 

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 m u 1 t i p o l e s ) a n d  maximum-b-eamsize when 

m u l t i p o l e s  _ _  are inc luded .  - Thebeam -~ size- i n  - one- d i E c t i o n  i s  determined w i t h  t h e  

emittance and- the  

- - -  - - - 

_ _ _  _ _ _  -+-\-- -. - - - 

i - - f u n c t i o n  as-_ _u (5) ,c - -  
I -  T - 

- - _ _  
- - _ _ _  - 

e 
Fgr a-given a p e r t u r e  of the elements i n  the r i n g ,  w e  count the number of Turns 

- 
- - - - -  _ _  - - - -  - -  

t h a t  a p a r t i c l e  can g i v e  i n  t h e  r i n g  wi thau t=exceed ing  i n  ampl i tude  the 7 __ a p e r t u r e  - - imposed. 

T h i s  -will give information-about t h e  p h y s i c d .  a p e r t u r e .  
- -  __ . _ _ _  -- - - - - _ _ _  __ 

T%en 
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0.0 109(100) , 111(93) 56.0 f D 656.9 

-0.2 107(100), 109(100) 54.9&D f 56.0 
* 

t h i s  p h y s i c a l  b a r r i e r  is  made t o o  l a r g e  (1000 mm), w e  w i l l  have informat 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 .  

- 

W e  chose i n  PATRICIA a r e f e r e n c e  emittance of Ea ’= 0 , S T  x iGL l b - v d  

i n  terms of i t s  u n i t s , e m i t t a n c e  i s  c o n t r o l l e d  by a parameter A i n  the way 

E = [*)zEc3 
Changing A w e  can see the number of t u r n s  a p a r t i c l e  can g i v e  i n  the r i n g .  

1.- 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  r e s u l t s  i n  the same way as i n  1). 

A 
- 

has the s a m e  meaning as before .  

B is  the number of t u r n s  the p a r t i c l e  w i l l  gTve i f  i t s  amplituhd does n o t  

exceed the a p e r t u r e  g iven .  

C is  the number of t u r n s  the p a r t i c l e  g i v e s  i n  the r i n g .  

D=beam size=(x2+y2)%. With G ‘= r 1 a=[:-$( 
A t  the end of d i p o l e s  

Table  I.- Dipoles  w i t h  no m u l t i p o l e s  have l a r g e r  dynamical a p e r t u r e  than tha t  

shown ( t aken  from r e f e r e n c e  1) 

I I +0.2 I 99(100), lOl(62) I 5 0 . 8 S D 5 5 1 . 8  

Table  11.- Dipoles  with Window Frame mul t ipo le s .  Dynamical a p e r t u r e .  

L a s t  t a b l e  shows that  a t  &=s the dynamical a p e r t u r e  of WFD i s  CY 20 mm b igge r  
P 

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

2.- P h y s i c a l  Aper ture  of Dipoles.  

To de te rmine  how s t a b l e  is  the beam near the o p e r a t i o n  emittance, a physi-  
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ca l  aperture of 30 mm has been taken i n  the  elements of the  l a t t i c e .  Next ta -  

b le  shows these r e su l t s .  

4-0.2 

0.0 

-0.2 

A O ) ,  A(C) D (mm) 

4 8 ( 1 0 0 )  , 5 0 ( 6 )  ’ 24.6 i D 5 25.7 

5 0 ( 1 0 0 )  5 2 ( 1 3 )  25.7 5 D 5 2 6 . 7  

4 4 ( 1 0 0 )  , 4 6 ( 2 5 )  22.6 < D k  2 3 . 6  

Table 111.- Dipoles with Window Frame multipoles. Physical aperture. 

I f  we consider tha t  the physical aperture f o r  ideal  dipoles (without multi- 

poles) is of the same magnitude as  fo r  DRD, ( 2 6 . 7 S D  S 2 7 . 7 ) ,  then f o r  the WFD, 

the  physical aperture i s  -1  mm smaller. Finally we must t o  point out tha t  t h i s  

is not t he rea lphys ica l  aperture. In order t o  determine it i s  necesary, as  w e  

already mentioned, t o  integrate  the e f fec ts  of multipoles i n  smaller pieces 

in  each dipole. 
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In t h i s  annex we w i l l  show the  dynamical and physical apertures 

when we s p l i t  the  dipoles i n  three pieces, as  we see i n  the next f igure:  

where !. = 10.7 m, MB and MN have lengths 1 / 6  and ~2/3 respectively.  

The program PATRICIA has been changed3 t o  avoid the  focusing forces 

a t  the edges of the dipole where is. 

The tune, f o r  which the aperture s tudies  were made, is  shown i n  the 

following tune diagram 

. .  N=2 t o  10, ALL P-s 

22.10 22.15 22.20 
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The dynamical aperture is now: 
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A(B) ¶ A(C) _ - ~ - - _ . .  ,-- 
l48(100) ,  150(18) 

152 (1001, 154 (13) 

150(100),  152(34) 

144 (1001, P46(63) 

144(100) , 146(80) 

138 ( l o o ) ,  140 (35) 

144 ( l o o ) ,  146(55) 

140(100),  142 (83) 

142 (100) , 144 (39) 

136(100),  138(54) 

130(100),  132 (99) 

I._I_---- -..- . ." . 

78.06 .DS79.1  I 
77.0 5 D 5 78.0 1 
73.9 < D 5 7 4 . 9  

73.9 I D 5 74.9 

70.8 + 'D 5 

7 3 . 9 6 0 s  74.9 j 
I 

7 1 . 9 5  D $ 7 2 . 9  i 

7 2 . 9 5 D 5 7 3 . 9 :  

69.8 5 D 5 70.8 i 

66.7-LDC67.81 I_.  

Table A-11. Do = 71.35 b l m  

and the physical aperture is: 

-- __ 

35(100) ,  36(1)  18.05 Ds 18.5 

40(100) ,  42(1) 2 0 . 5 5 D s 2 1 . 6  , 

44 ( l o o ) ,  46 (I) 22.6 5 D 523 .6  * 

48(100) , 50(5) 24.6 6 D - C  25.7 

50(100),  52(13)  2 5 . 7 s  DC26.7 

46(100) ,  48(14) 2 3 . 6 S D I 2 4 . 6  , 

40(100),  42(29) 2 0 . 5 5 D I  21.6 , 

34(100) ,  36(44) , 17.5 C D S  18.5 
! 

I 

-0.8 27(100) ,  29(73) 1 3 . 9 5 D f 1 4 . 9  1 
23(100),  25(65) : 1 1 . 8 5 D $  12.8 t ---_------*.-- -! 

-1.0 

Table A-111.  

1.0 

046 

0,4 

0,2 

0.0 

I 

3 )  .- G . F .  D e l l ,  Private communication. 


