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ABSTRACT 

A lattice with the name of RHIC2 has been considered as a candidate for the 
In this note we study its chromatic properties Relativistic Heavy Ion Collider. 

in two cases: 1) when two families of sextupoles are included, 2) when special 
families of sextupoles are placed in the arcs of the ring in order to diminish 
higher order resonance effects and chromatic effects. 



1.- Description of t h e  REEIC2 la t t ice .  

This l a t t i c e  consis tes  of 6 arcs and 6 inser t ions  with supersymmetry 3. 

Each arc i s  made of 12 cells  with t h e  next s t ruc tu re  

1 2  3 3 2 1  3 3  

where 1, 2 and 3 mean th ree  d i f f e ren t  d r i f t  spaces. 

One of t he  in se r t ions  has the  next arrangement 

Inser t ion  = I = Q71 Q6* 9 6 1  BS Q5I BS 441  Q31 Q21 Q l I  BC21 B C l I  

CR B C l O  BC20 Q l O  420 430 Q4O BS Q50- BS Q60 Q60" 470 

where BS i s  dispersion suppresor dipole  and t h e  dipoles  BC11,  B C l O  allow 

head-on col is ions.  

Each superperiod i s  made i n  t h e  following way 

6 x CI + I1 + 12 x C + I-: + 6 x CI 
0 

-1 where I means mirror of I and t h e  c e l l s  CI d i f f e r  from Co i n  t h e  d r i f t  1 
spaces between bending magnets and quadrupoles. 

Some of t h e  machine functions a r e  

i n  t h e  a r c s  

B x  BY qx 
QF 51.5 7.4 1.38 

1 QD I 7.4 151.5 1 0.69 I 
i n  t h e  inser t ions  

humax= 667.4m 

The na tu ra l  chromaticity has values 

= -51.0 , 
and t h e  nominal tune i s  ox = 31.61521 , Y - 31.61399 Y - -  
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2.- Chromatic Propert ies  with two famil ies  of sextupoles. 
i 
; In  o rde r  t o  avoid the  main resonances near t he  nominal tune. t he  chro- 

~ - 
matici ty  has been chosen t o  be 1, even without knowing i f  t h i s  value is  

compatible with head-tail  i n s t a b i l i t i e s .  Next t ab le s  show t h e  momentum 

dependence of some machine functions.  The integrated s t renghts  of t h e  sex- 

SF = - 
SD = -!- 

14352 

424 12 

All ca lcu la t ions  have been done f o r  & 5 0.5% . r,l 

Table I.- Tune va r i a t ions  wPth momentum. Two fami l ies  of sextupoles are 

considered. S t ra ight  l i n e  i s  chromaticity 1. = 31.61521, 
1'3 = 31.61399. 
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4- 0.1 

0.0 

- 0.1, 

Table 11.- Variat ion of max i n  inser t ions .  pox = 267.322m and 

= 667.463m. 
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*P 
P 

Tab15 I L L .  -. .Behavior of i n  t he  crossing point.  



31.66 

31.64 

31.62 

31.60 

31.58 

31.56 
31.56 31.60 31.62 31.64 31. 6 6' 

Table 1V.- Variation of momentum with amplitud with resolut ion of 100 
-6 turns.  Points a ,  b y  c represent emittances 0, 1.5Kx 10 m -rad, 

3;TTx m -rad respectively.  W e  kept chromaticity 1 i n  order 

t o  avoid 8th and 10th order resonances. 
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With the  previons charac te r i s t ic ,  t h e  phase space shows t h e  next s t ruc-  
t u r e  f o r  100 turns.  When the  number of tu rns  i s  smaller it is  possible  t o  

ident i fy  high order resonances. 

X DIRECTION 

Table Va.  

-z - .... -,_.. " ... ............ -Y- r Y .  

Y -.. - -- - ~ . ..I Y 

* -* ................... _.-.~-_u._._ ._-_ u Y 

r - , Y- Y .. **I 

r .. - 
I-.... 

Y Y .- - 1 ___ . ._. _. 
I* . . . .  

A 

_- - v  1- 

-7.- -_-_____.... ............. Y - -  ---. - Y Y  

YY 
YY 

........ . _  . - _  - 
* I  

i y r  
-1 -~ -LY- Y 

Y --- X I  I "  
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Y , DIRECTION 

. . .  
-Y.--*--I-.. I... _._- ...P..J-, 

Y Y Y . I  I. Y I Y 
Y Y  , Y -  . - . Y . . U  

---Y . I L L  - 
. .  1 ... .. I . .Y.I .... __ __  .-Y,- - 

Y . Y  Y .Y Y 
I .I 1 .  - - ... I K * - - Y  Y . . .  

Y . Y  Y Y . Y VI Y r Y Y Y  .V  Y Y  V 

1- Y Y Y . Y Y  'I Y Y  
I . Y Y  1 ' 1  I . - Y Y Y - . Y  

Y Y .  Y 

--'I- -- - Y V 

Y V  
Y Y  Y Y  ..... . . . . . .  __---.-. I 

V Y 

Table Vb. 
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Y DIRECTION 

r r  Y I  
-I...... ___._._ I _  ....... Y Y Y  . 
Y Y  

Y 
Y Y  

1'1 v 
, I  
r Y r- . . . . . .  

d v r r  

.._. .__. 'IW , . I  Y Y  . . .  . . . .  
! Y ***'YI- r r  

'Ir v . Y Y  'I 
' ..- -1. 1.1.1 J Y Try Y 'I - . 

1 :  Y .. ._._ - - 
__ __ _- ~r-r-- 

Y Y Y  '. 
Y V  

Y Y  
r Y  

.~ 

Y V  Y - Y I -  ___ . - - 

Y Y  Y r Y Y  Yr, Y 
. .'I. Y Y  ~- -~ 

Table Vc. 

Table V.- a) x and y phase spaces f o r  100 turns .  Momentum 0%. b) Momen- 
- . . . . . . . . . .  - - -  . . .  ._I.. ... . .  - . . - .  - - .. . 

_ _  ... turn- 0. 5%L_The. diffusign . of the.. sata.ces -. - i n  -_ phase . . -. . spaces a r e  . - 

consequence of higher order resonances. -. . c) ~- Momentum -0.5%. 

Direction of phase space is  a l so  affected by higher order res- 

onances. 

_ _  ..... ....... - - - .- -- - .~ . 
.. . . .  - .- . - . _ _ _  . .  -. ...... .- - 
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3 . -  Chromatic Propert ies  with special  famil ies  of sextupoles. 

The phase spaces of t a b l e  V and the  la rge  tune dependence with ampli- 

tud, shown i n  t ab le  IVY have been suggested tha t  the  higher order reso- 

nance e f f eq t s  appear a s  consequence of aberrat ion phenomena . In order t o  

correct  phase spaces without changing the chromatic bahavior of par t  3 ,  we 

have t r i e d  t o  put some special  sextupoles i n  inser t ions ,  i n  places where 

dispersion is p rac t i ca l ly  zero. The attempt was no successful.  

2 

Another attempt t o  disminish the  higher order resonance e f f ec t s  has been 

made by improving the  chromatic behavior. This has been done a s  w e  now 

describe. 

change with bp/p a s  

E +  (SI 
P 

We w i l l  assume tha t  . With t h i s ,  

i s  minimized. This has been done, i n  both x and y direc- 

t ion ,  by changing the  SF, SD sextupoles, t o  vaues Z,A i n  places indicated. 

I AI A 2  

ONE S U P E R P E R I O D  

The new values fo r  SF, SD a r e  l i g h t l y  d i f f e ren t  from par t  3 .  

SF = -.14109 Y SD,= +.42894 and 

Z l  = -.34524 Y 22 = .00007 

A1 = .2 Y A2 = .6 
. . ... . . - - -  

. . - - . . . -. . . . . . . - _. . . ....I_ . . __ . . . .  
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With t h i s  special  sextupoles, the  machine functiones a r e  

Table VI.- Behavior of tune with momentum when special  sextupoles a r e  

placed i n  the  arcs .  SF and SD have t o  change l i g h t l y  i n  or-  

der  t o  keep chromaticity 1. 

Table VI1.- fmax  i n  inser t ions  i s  be t t e r  with spec ia l  sextupoles. 

= 267.322 and Pr= 667.463.  K 
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4 

3 

2. 
0 

Table VII1.- In the crossing poin ts  

same w i t h  and without spec ia l  sextupoles. 

remain bas ica l ly  the 
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The tune diagram s t i l l  shows l a r g e  tune dependence with amplitude, but 

smaller than i n  t h e  previous case. 

x 
'7 

Table 1X.- Tune v a r i a t i o n  w i t h  amplitud i s  a l i t t l e  b i t  be t t e r .  Points  
-6 a, '  b, c represent emittances 0,  1 . 5 1 ~ ~  LO m -rad, 

3p x m -rad. respectively.  
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Final ly ,  phase space i s  much b e t t e r  with spec ia l  sextupoles than only 

. _ _  -. . - -  
with SF, SD. 

X DIRECTION 

1.5- 
x 

rn-rad 

Table Xa.  
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EM I T T A N  CE 

I 

1.5  TT 

x 
I m-rad 

3 . r  

m-rad 
x 

X D I R E C T I ' O N  Y D I R E C T I O N  

Table Xb. 



X DIRECTION 
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Table Xc.  

Table X.- a) x and y phase spaces f o r  100 turns  and spec ia l  sextupoles. 

Momentum 0%. b) Momentum 0.5%. Diffusion of po in ts  of phase 

space have been p a r t i a l l y  corrected.  c) Momentum -.05%. Direc- 

t i o n  of phase space have been a l so  p a r t i a l l y  corrected w i t h  

spec ia l  sextupoles. 
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4.- .Summary. 

We have used spec ia l  fami l ies  of sextupoles i n  the arcs of RHIC2 i n  

order t o  reduce discomfort i n  phase space of higher order  resonances. In 

general ,  chromatic behavior i s  b e t t e r  than w i t h  two fami l ies  of sextupoles. 
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