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Introduction 

The Relativistic Heavy Ion Collider (RHIC) is' 
a proposed research facility (1) at Brookhaven Na- 
tional Laboratory to study the collision of beams 
of heavy ions, up to gold in mass and at beam 
energies up to 100 GeV/nucleon. The physics to be 
explored by this collider is an overlap between 
the traditional disciplines of nuclear physics and 
high energy physics and is a continuation of the 
planned program of light and heavy ion physics at 
BNL ( 2 ) .  The machine is to be constructed in the 
now-empty tunnel built for the former CBA pro- 
ject. Various other facilities to support the 
collider are either in place or under construction 
at BNL. The collider itself, including the 
magnets, is in an advanced state of design, and a 
construction start is anticipated in the next sev- 
eral years. Figure 1 shows the layout of the RHIC 
project on the laboratory site. 
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Fig. 1. Site layout of RHIC. 
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Machine Facilities at BNL 

RHIC will be the final machine in a series of 
existing and planned facilities at BNL for the 
study of heavy ion interactions. 
the layout of these machines on the BNL site. 
Their function is described in detail elsewhere 
( 4 ) .  Briefly, ions are produced and accelerated 
in an existing Van de Graaff complex and sent to 
the existing AGS in a recently built beam line 
connecting the two machines. In the AGS, the ions 
up to l60 are captured, accelerated and sent to 

Figure 1 shows 

Program of Nuclear Physics 

RHIC is designed to produce extreme states of 
matter by colliding beams of heavy ions at high 
energy. 
of the interacting constituents is expected, 
resulting in an energy density greater than 10 
times that of the nuclear ground state combined 
with low baryon number in the central region of 
the collision. This combinati n of high energy ' 
density, greater than 1 GeV/fm , and small baryon 
component is the primary reason for going to such 
very high collision energies; under these con- 
ditions nuclear matter is expected to undergo a 
change of phase in which the quarks making up the 
individual nucleons, heretofore confined to just 
the volume of the nucleon, become free to move 
about in a much larger volume. 

In such collisions, a high "temperature" 

' 
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The resulting plasma of quarks, including 
also the carriers of the strong interaction force, 
the gluons, is of great theoretical interest. It 
is this state of matter that is believed to have 
prevailed early in the formation of the universe, 
before the coelescence of the plasma into 
nucleons. Thus, the various physical theories 
which describe our present material universe and 
how it formed, including the broken symmetries 
required to explain observed phenomena, e.g. 
non-zero piqn mass, can be compared to experiment 
at this collider ( 3 ) .  

The program of colliding beam experiments at 
the collider will complement that of fixed target 
experiments being planned for the AGS and at the 
collider at higher energy. In fixed target 
experiments, a more modest energy density is 
achieved but in an environment of highly 
compressed baryon-rich nuclear matter such as 
exists in the interior of neutron stars, black 
holes, and in supernova explosions. 

The kinematic space to be explored by these 
various facilities, including also heavy ion 
facilities elsewhere in the world, is shown in 
Fig. 2. Note that only the RHIC collider reaches 
far into the central region where the conditions 
for high energy density and small baryon component 
that allow a phase transition to a quark-gluon 
plasma are satisfied. 



e x i s t i n g  e x t e r n a l  beam l i n e s  f o r  use by s e v e r a l  ex- 
per iments .  Under c o n s t r u c t i o n  is a b o o s t e r  f o r  t h e  
a c c e l e r a t i o n  of ions  b e f o r e  i n j e c t i o n  i n t o  t h e  AGS. 
This  b o o s t e r ,  by p r e a c c e l e r a t i n g  i o n s  t o  350 
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Fig.  2. The r e g i o n  of c e n t r a l  c o l l i s i o n s  a s  a 
f u n c t i o n  of center-of-mass energy.  The 
o u t e r  "V" i s  t h e  k inemat ic  boundary, the  
i n n e r ,  s o l i d  "V" t h e  boundary between 
f ragmenta t ion ,  o r  p e r i p h e r a l ,  and c e n t r a l  
c o l l i s i o n s  f o r  pro tons ,  and the  i n n e r ,  
dashed "V" is t h i s  same boundary f o r  
nucleus'nucleus.collisions. E x i s t i n g  o r  
planned f a c i l i t i e s  f o r  heavy i o n  r e s e a r c h  
a r e  shown. 

MeV/nucleon, w i l l  make i t  p o s s i b l e  t o  f u l l y  s t r i p  
the i o n s  of  even the  h e a v i e s t  s p e c i e s  with good e f -  
f i c i e n c y  and thus avoid t h e  severe  l o s s e s  s u f f e r e d  
by p a r t i a l l y - s t r i p p e d  ions  due t o  r e s i d u a l  gas  
s c a t t e r i n g .  

C o l l i d e r  Design 

The machine requi rements  f o r  doing phys ics  ex- 
per iments  a t  t h i s  f a c i l i t y  d i f f e r  somewhat from 
those  f o r  experiments  a t  h igh  energy hadron-hadron 
c o l l i d e r s  such as t h e  Tevatron a t  FNAL and t h e  
proposed SSC. 
modest beam c u r r e n t s  i s  adequate f o r  experiments  
because of  the  high c r o s s  s e c t i o n  f o r  i n t e r e s t i n g  
events .  The c o l l i d e r  must provide c o l l i d i n g  beams 
covering a wide range of e n e r g i e s  a s  experiments  
are expected t o  r e g u l a r l y  take  d a t a  over  t h e  range 
of a v a i l a b l e  energy r a t h e r  than  j u s t  a t  t h e  
h i g h e s t  energy. 
to-mass r a t i o  of  d i f f e r e n t  i o n s ,  and the  i n t e r e s t  
i n  c o l l i d i n g  d i s s i m i l a r  i o n  s p e c i e s ,  t h e  c o l l i d e r  
must be capable  of  o p e r a t i o n  w i t h  unequal  excita- 
t i o n  i n  i t s  two r i n g s .  As i n  any c o l l i d e r ,  Long 
l i f e t i m e  beams and s t a b l e  o p e r a t i o n  are of g r e a t  
b e n e f i t  t o  t h e  exper imenta l  program. 

The luminos i ty  produced by q u i t e  

Because of t h e  vary ing  charge- 

The c o l l i d e r  i s  designed t o  f i t  i n t o  t h e  
e x i s t i n g  CBA tunnel .  The t u n n e l  c i rcumference  
allows a r e l a t i v e l y  modest d i p o l e  f i e l d  of  3.4 T 
f o r  the  requi red  top energy of 100 GeVlnucleon f o r  

go ld  beams ( t h i s  corresponds t o  250 G e V  f o r  
p r o t o n s ) .  Beam is  t r a n s f e r r e d  from t h e  AGS t o  
f i l l  t h e  two r i n g s  o f  t h e  c o l l i d e r  w i t h  i o n  
s p e c i e s  ranging  from pro tons  t o  g o l d ,  i n c l u d i n g  
also s p e c i e s  beyond gold w i t h  somewhat reduced per- 
formance. General  parameters  f o r  t h e  c o l l i d e r  are 
g iven  i n  Table  1 and some beam c h a r a c t e r i s t i c s  are 
given i n  Table  2.  

Table 1. General  Parameters  f o r  t h e  C o l l i d e r  

Energy range (each beam), 
Au 
pro tons  

100 GeV/nucleon, 10 h 

GeV/nucleon 

Average luminosi ty:  Au-Au, 

Diamond l e n g t h  @ 100 

Circumference (4-314 CAGS) 
Number of  c r o s s i n g  p o i n t s  
FTee space a t  c r o s s i n g  p o i n t  
Beta @ c r o s s i n g ,  

h o r i z o n t a l / v e r t i c a l  
low-beta i n s e r t i o n  

Beta t ron  t u n e ,  
h o r i z o n t a l / v e r t i c a l  

T r a n s i t i o n  energy,  YT 
F i l l i n g  mode 
No. o f  bunches/r ing.  
No. of  Au-ionslbunch 
F i l l i n g  t i m e  (each  r i n g )  
Magnetic r i g i d i t y ,  BP : 

@ i n j e c t i o n  
@ top  energy 

Beam s e p a r a t i o n  i n  arcs 
RF f requency 
RF v o l t a g e  . 
Accelera t ion  t i m e  

7-100 GeV/nucleon 
28.5-250 GeV 

4 . 4 ~ 1 0 2 6  cm-2 sec- l  

t 2 7  c m  rms 
3833.87 m 

6 
+9 m 

b m  
3 m  

28.82 
25.0 
Box-Car 

57 
1.1~109 

@l min 

96.5 Tam 
839.5 Torn 

90 c m  
26.7 HHz 

< 1.2 Mv 
1 min 

Table  2. Beam C h a r a c t e r i s t i c s  o f  t h e  C o l l i d e r  

Element Proton S u l f u r  Go I d  

Atomic number Z 1 16 79 
Mass number A 1 32 197 
Rest energy 

(GeVlnucleon) 0.9383 0.9305 0.9313 

I n j e c t i o n :  
K i n e t i c  energy 

8 0.99947 0.99794 0.99680 
Norm. emi t tance  

Bunch a r e a  

Bunch l e n g t h  

Energy spread  

No.. ionslbunch 

(&V/nuc leon)  28.5 13.6 * 10.7 

(n mm'mrad) 20 10 10 

(ev*sec/nucLeon) 0.3 0.3 0.3 

(nsec)  k8.6 t8 .6  58.6 

(x  SO-4 I t 3 . 8  57.6 59.6 

( ~ 1 0 9 )  100 6.4 1.1 

Top Energy: 
K i n e t i c  energy 

By 268.2 135.3 108.4 
(GeV/nucleon) 250.7 124.9 100.0 
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The l a t t i c e  is composed o f  two i d e n t i c a l ,  ap- 
proximate ly  c i r c u  a , concen t r i c  r i n g s  i n  a common 
h o r i z o n t a l  p l ane  t5f. S ix  a r c s  and s i x  beam 
c r o s s i n g  po in t s  make up each r ing .  
sequence of a l l  quadrupoles i n  a n  arc is 
an t i synaae t r ic  wi th  r e s p e c t  t o  t h e  c r o s s i n g  p o i n t ,  
g iv ing  r ise  t o  a s u p e r p e r i o d i c i t y  o f  t h r e e  f o r  
each r i n g .  A t  t r a n s i t i o n ,  Y = 25 so t h a t  p r o t o n s .  
a r e  i n j e c t e d  above t r a n s i t i o n  bu t  heav ie r  ions  
must be  a c c e l e r a t e d  through t r a n s i t i o n .  The l a t -  , 
t ice  i s  designed with s t rong  focuss ing  t o  reduce  
t h e  a p e r t u r e  requi rements ,  a l r eady  l a r g e  because 
of emi t tance  blow-up from intrabeam s c a t t e r i n g  o f  
t h e  heavy ions .  The l a t t i c e  has  12 FODO cells pe r  
s e x t a n t ,  and a tune  v h l v  = 28.825. The l ayou t  of 
a ce l l  i s  shown i n  Fig.  3. Each ce l l  i s  29.622 m 
long ,  d e f l e c t s  t h e  beam by 77 .1  mrad and has a 
phase advance o f  90'. 
two beam c e n t e r l i n e s  i s  90 cm. 

1 
The p o l a r i t y  

The d i s t a n c e  between t h e  
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Fig ,  3.  RHIC r e g u l a r  a r c  c e l l ,  and the  b e t a t r o n  
(B) and d i s p e r s i o n  (XI func t ions  ac ross  
t h e  c e l l .  

The c ross ing  r eg ion  l a t t i c e  ( i n s e r t i o n )  i s  
shown i n  F ig .  4 ,  and t h e  geometry o f  t h e  beams 
nea r  t h e  c ros s ing  p o i n t  i s  shown i n  F ig .  5. The 
i n s e r t i o n s  a r e  designed t o  be f l e x i b l e  and capab le  
of adjustment wi thout  a f f e c t i n g  o t h e r  i n s e r t i o n s  
o r  t h e  o v e r a l l  ope ra t ion  o f  t he  r ing .  The 
b e t a t r o n  func t ion  o f  t h e  i n s e r t i o n  a t  i n j e c t i o n  is 
8* = 6; t h i s  can be ad jus t ed  t o  5" = 3 a t  h igh  
energy  f o r  g r e a t e r  luminos i ty .  The c ross ing  ang le  
o f  t h e  beams i s  v a r i a b l e  over t he  range 0-2 mrad. 
For unequal s p e c i e s ,  such as  p on Au, t h e  l i n e  o f  
head-on c o l l i s i o n s  is r o t a t e d  by 3.5 mrad with re- 
spec t  t o  t h e  l o n g i t u d i n a l  c e n t e r  a x i s  a s  i n d i c a t e d  
i n  F ig .  5. There is 10 m nominal f r e e  space  on 
each s i d e  o f  a c r o s s i n g ,  wi th  9 m a v a i l a b l e  f o r  ex- 
per imenta l  appara tus .  

Performance 

The ape r tu re  f o r  t he  machine has  been d e t e r -  
mined by t h e  requirement t h a t  b e t a t r o n  o s c i l l a -  
t i o n s  a s  l a r g e  as 6 OB, where 08 i s  the  rms s i z e  
of t h e  expected b e t a t r o n  o s c i l l a t i o n ,  be conta ined  
f o r  t e n  hours when Y = 30.  For gold wi th  )' = 30, 
t h e  h o r i z o n t a l  beam s i z e  corresponds t o  Ug = 1.67 
mm a t  t = 0 and grows t o  Ug = 3.0 rn a f t e r  10 

F ig .  4 .  Magnet layout  i n  t h e  c r o s s i n g  r eg ions .  
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Fig. 5. Beam geometry near  t h e  c ros s ing .  

hours .  Hence t h e  r equ i r ed  s t a b i l i t y  l i m i t  
a p e r t u r e ,  ASL, i s  equal  t o  18 nrm f o r  on-momentum 
p a r t i c l e s .  This  requirement i s  equ iva len t  t o  an  
acceptance  o f  87T mm'mrad. Using t h i s  c r i t e r i o n ,  
t h e  p h y s i c a l  magnet a p e r t u r e  i s  determined by par -  
t i c l e  t r a c k i n g  s t u d i e s  (6 ) ,  t ak ing  i n t o  account  
t h e  expec ted  f i e l d  e r r o r s  i n  t h e  magnets. For t h e  
a r c  magnets, t h e  r equ i r ed  i n n e r  c o i l  r a d i u s  i s  
found t o  be  40 mm. 
in t rabeam s c a t t e r i n g  (71, a rough measure of which 
i s  g iven  by NB(z2/A)2 where NB is t h e  number of 
p a r t i c l e s  p e r  bunch, Z is t h e  charge  number and A 
t h e  mass number of t h e  ions .  Intrabeam s c a t t e r i n g  
imposes s t r i n g e n t  requirements f o r  h igh  Z i ons .  

The growth i n  08 r e s u l t s  from 

C o l l e c t i v e  e f f e c t s  i n  t h e  c o l l i d e r  a r e  t o l e r a -  
b l e .  The beam-beam tune s h i f t  f o r  a g iven  number 
o f  p a r t i c l e s  pe r  bunch, NB, i s  l a r g e s t  f o r  head- 
on c o l l i s i o n s  o f  Au on Au, amounting t o  hVv = 
0.0025 f o r  NB = 1.1 X lo9 a t  t = 0 bu t  dropping t o  
Avv = 0.0009 a t  t = 10 h as  t he  beam dimensions in-  
c r e a s e  due t o  intrabeam s c a t t e r i n g .  The t o l e r a n c e  
f o r  t h e  l o n g i t u d i n a l  coupl ing  impedance t o  l i m i t  
t h e  microwave i n s t a b i l i t y  w i t h i n  a bunch a t  t r a n s i -  
t i o n  is  about Z/n = 5 a. 
l i m i t  ho lds  f o r  pro tons  bu t  is cons ide rab ly  
r e l axed  f o r  heavy ions.  The l i m i t  f o r  t he  t r a n s -  
v e r s e  microwave i n s t a b i l i t y  i s  more l e n i e n t  by a 
f a c t o r  o f  *5-10. 

A t  h igh  energy t h i s  same 

The phys ic s  requirements f o r  Luminosity i n  
the  c o l l i d e r  are r e a d i l y  met f o r  heavy-ion beams. 
The i n i t i a l  luminos i ty  f o r  head-on Au on Au a t  t o p  
energy i s  9.2 X IOz6 cm-2sec-1, dec reas ing  gradu- 
a l l y  wi th  t i m e  because of beam blow up due t o  
in t rabeam s c a t t e r i n g  f o r  an average luminos i ty  
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Over 10 hours  of 4.4 x 1026 cm-2sec-1. In  Fig.  6 
is shown t h e  average Au on Au luminos i ty  f o r  2 hour  
and 10 hour o p e r a t i o n  as a f u n c t i o n  of  t h e  energy 
of t h e  beams. Table  3 g i v e s  t h e  i n i t i a l  and average 
l u m i n o s i t i e s  a t  top  energy f o r  a number of  d i f f e r e n t  
i o n  s p e c i e s .  
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Fig .  6 .  Average luminos i ty  a f t e r  2 and 10 hours  
d iv ided  by t h e  luminos i ty  a t  t = 0 a s  a 
f u n c t i o n  of  energy f o r  Au on Au,  head-on 

. c o l l i s i o n s .  

Table  3. Luminosity a t  Top Energy 
Luminosity 

a=O a=O a=2 mrad 

Pro ton  100 250.7 9.5 8.4 4.9 
Deuterium 100 124.9 9.5 9.0 3.68 x1030 
S u l f u r  6.4 124.9 3.9 2 . 3  0.65 x1OZ8 
Gold 1.1 100 9.2 4.4 1.1 x1OZ6 

Magnet System 

The c h a r a c t e r i s t i c s  of t h e  d i p o l e  and 
quadrupole  magnets r e q u i r e d  f o r  t h e  a r c s  and f o r  
t h e  i n t e r s e c t i o n  r e g i o n s  are g iven  i n  Table  4 .  
Table 5 l i s t s  t h e  t o t a l  complement of magnets 
r e q u i r e d  i n  t h e  machine, i n c l u d i n g  t h e  sex tupole  
and m u l t i p o l e  c o r r e c t o r s  l o c a t e d  a t  each of t h e  
quadrupole  magnets. 
of t h e s e  magnets t o  be b u i l t  a t  Brookhaven and the  
rest t o  be b u i l t  i n  i n d u s t r y  over  a 4-year con- 
s t r u c t i o n  per iod.  

Curren t  p lans  are f o r  10-20% 

Although t h e r e  are less d i p o l e  than  t h e r e  a r e  
quadrupole  and c o r r e c t o r  magnets, t h e  a r c  d i p o l e s  
n e v e r t h e l e s s  remain t h e  dominant c o s t  i t e m  i n  t h e  

Table  4.  C h a r a c t e r i s t i c s  of t h e  Arc and . 
I n t e r s e c t i o n  Region Dipoles  and 
Quadrupoles f o r  RHIC (100 GeV/nu- 
c l e o n  Opera t ion)  

E f f e c t i v e  

Magnet 
Arc 

d i p o l e  
quadrupole  

I n t e r s e c t i o n  
d i p o  1 es 

BC1 ' 
BC2 
BS Inner  
BS Outer 
B 

quadrupoles  
Q 1 -Q4 

C o i l  I D  
(m) 

80 
80 

200 
100 

80 
80 
ao 

130 

Dipoles  

Length 
(m) 

9.475 
1.18 

3.3 
4.4 
3.57 
5.46 
9.46 

1.34-2.21 

F i e l d  o r  
Gradien t  

3.45 T 
67.4 T/m 

4.63 T 
2.73 T 
3.45 T 
3.45 T 
3.45 T 

57.4 T/m 

Quadrupoles 
Sextupoles  
C o r r e c t o r s  

Standard Aperture  Magnets 
I n t e r s e c t i o n  Regions 

Dipoles  
Quadrupoles QS-Q9 
Sextupoles  @ Q9 
C o r r e c t o r s  

Dipoles  (BCL) 
Dipoles  (BC2) 
Quadrupoles (41-44) 
Corrpc tors  

Large Aper ture  Magnets 

276 
276 
276 

48 
120 

1 2  
144 

12 
24 
96 
72  

Skew quadrupoles  @ Q2 o r  Q3 24 
T o t a l s  

Dipoles  372 
Quadrupoles 492 
Sex tupo l e s  288 
C o r r e c t o r s  492 
Skew quadrupoles  24 

machine. For t h i s  reason ,  the R&D e f f o r t  h a s  
focussed on t h i s  device.  Various models have been 
b u i l t ,  i n c l u d i n g  f o u r  i n  i n d u s t r y ,  cu lmina t ing  i n  
a h a l f l e n g t h  model with p r o t o t y p e  c r o s s  s e c t i o n  
t h a t  w a s  b u i l t  and t e s t e d  i n  t h e  p a s t  year .  The 
s u c c e s s f u l  performance of  t h e s e  v a r i o u s  magnets ( 8 )  
has  v a l i d a t e d  t h e  c h o i c e  of  d e s i g n  parameters ,  and 
f u t u r e  magnets are expec ted  t o  d i f f e r  on ly  
minimally from t h e s e  e a r l i e r  models. 

A c r o s s  s e c t i o n  of  t h e  a r c  d i p o l e  c o i l  d e s i g n  
i s  shown i n  Fig.  7 .  It has  a s i n g l e  l a y e r  
superconduct ing  c o i l  designed t o  provide  t h e  
r e q u i r e d  3.45 T bending f i e l d  f o r  100 GeV/nucleon 
i o n s  w i t h  a generous margin of  s a f e t y .  The . 
superconductor  used i s  t h e  same as t h a t  used f o r  
t h e  o u t e r  c o i l  o f  t h e  Superconduct ing Super 
C o l l i d e r  (SSC) magnet. P r e s t r e s s  i s  a p p l i e d  t o  
t h e  c o i l  d i r e c t l y  by t h e  i r o n  yoke through a 5 mm 
t h i c k  i n s u l a t o r - s p a c e r  sur rounding  t h e  c o i l .  The 
r e l a t i v e l y  c l o s e  i r o n  l e a d s  t o  some i r o n  s a t u r a -  
t i o n  f i e l d  e f f e c t s  a t  h igh  f i e l d  t h a t  must be 
c o r r e c t e d  w i t h  t h e  lumped c o r r e c t o r  magnets 
l o c a t e d  a t  each quadrupole .  There are no i n t e r n a l  
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Fig.  7 .  Arc 'd ipo le  c o i l  c r o s s  s e c t i o n .  

trim c o i l s  i n  t h e s e  magnets. 
n e t s  are assembled i n  f i x t u r e s  t h a t  i n t roduce  the  
r equ i r ed  47 mn s a g i t t a  du r ing  t h e  c o n s t r u c t i o n  pro- 
cess. The s a g i t t a  i s  locked i n  p l a c e  v i a  t h e  
o u t e r  s t a i n  less steel weldment, which a l s o  se rves  
as t h e  helium p r e s s u r e  v e s s e l .  
suppor ted  i n  a c r y o s t a t  w i th  fo lded ,  i n s u l a t i n g  

o s t s  ( o r i g i n a l l y  designed by FNAL f o r  t he  SSC 
f 9 ) , ,  a s  shown i n  Fig.  8 .  The primary des ign  pa- 
rameters f o r  t h e  d i p o l e  magnet and the  
superconductor  used i n  i ts  c o n s t r u c t i o n  are g iven  
i n  Table  6. 

The 10 m long mag- 

The co ld  mass i s  

rRECOOLER SUPPLY HEAOER 

9%- 
Fig .  8. Cross s e c t i o n  o f  an a r c  d i p o l e  i n  

c r y o s t a t .  

Table 6 .  Basic A r c  Dipole and Superconductor 
Parameters 

Dipole Parameters 
0 . 2 4  T B, minimum o p e r a t i o n  

B, 100 GeV/nucleon 3.45  T 
4 . 6  T 

-Current  a t  i n j e c t i o n  317.5 A 
. E, quench 

Curren t  f o r  100 GeV/nucleon 
o p e r a t i o n  4 . 5 6  kA 

Inductance  4 3  mH 
Sto red  energy  a t  100 GeV/nucleon 

490 k J  
Length,  e f f e c t i v e  9.460 m 
S a g i t t a  4 7 . 2  mm 
Co i l ,  number o f  super -  

o p e r a t  i o n  

33 conduct ing  t u r n s  
C o i l  i n n e r  r a d i u s  39.9  mm 
I r o n  o u t e r  r ad ius  133.3 mm 

Superconductor Parameters  
Cu/Sc r a t i o  1.8:1 
Wire diameter  0 . 6 4 8  mm 
C r i t i c a l  c u r r e n t  d e n s i t y  

Number o f  wires i n  c a b l e  30 

Mid-thickness o f  c a b l e  1.16 mm 
Keystone ang le  

@ ST, 4 . 2  K 2400 A/mm2 

Width of c a b l e  9 . 7 3  mm 

1.2 deg. 

The des ign  f o r  t h e  a r c  quadrupoles  i s  shown 
i n  Fig.  9. 
t h e  same conductor  as i n  t h e  d i p o l e  and is des igned  
t o  o p e r a t e  a t  t h e  same c u r r e n t  a s  t h e  d i p a l e .  Again 
the  use  of copper wedge8 provides  t h e  needed degrees  
of frkedom t o  achieve  good f i e l d  q u a l i t y  over  t h e  

It t o o  is  a s i n g l e  l a y e r  magnet u s i n g  

R=50.01 m r n 4  

R z54.61 rnm 41 
R260.00 m m  

Fig. 9 .  A r c  quadrupole  c o i l  c r o s s  s e c t i o n .  



a p e r t u r e  of t h e  magnet. The s i n g l e  l a y e r  des ign  is  
p a r t i c u l a r l y  welcome i n  a quadrupole  magnet t o  reduce 
t h e  number of  c o i l s  t h a t  must be b u i l t  and assembled. 
The main parameters  f o r  t h e  quadrupole  are g iven  
i n  Table  7. 

Table  7. Bas ic  A r c  Quadrupole Parameters  

G, minumum o p e r a t i o n  (corresponding t o  
0.24T i n  d i p o l e )  4.7 T/m 

G, 100 GeV/nucleon 67.4 T/m 
G, quench 108 T/m 
Current  f o r  100 GeV/nucleon o p e r a t i o n  4.56 kA 
Inductance 3mH 
Stored  energy a t  100 GeV/nucleon 

o p e r a t i o n  20 k J  
Length, e f f e c t i v e  1.24 m 
Coi l ,  number of  superconduct ing 

t u r n s  16 
Coi l ,  i n n e r  r a d i u s  39.9 mm 
I r o n ,  o u t e r  r a d i u s  133.3 rim 

Summary 

The des ign  parameters  of t h e  Heavy Ion 
C o l l i d e r  have been e s t a b l i s h e d  dur ing  t h e  p a s t  few 
y e a r s  and have been found t o  be w e l l  w i t h i n  t h e  
reach  of a v a i l a b l e  technology. The' magnet system 
R&D has  r e s u l t e d  i n  d i p o l e  models t h a t  m e e t  t h e  
requi red  performance s p e c i f i c a t i o n  w i t h  substan-  
t i a l m a r g i n .  Continuing R&D i n  t h e  coming year  
w i l l  develop quadrupole  and sextupole  models 
r e q u i r e d  i n  .the main arcs and w i l l  l ead  t o  a 
s t r i n g  test  i n c l u d i n g  a l l  components p r i o r  t o  f u l l  
scale c o n s t r u c t i o n .  A c o n s t r u c t i o n  per iod  of four. 
years  i s  f o r e s e e n  f o r  complet ion of  t h e  c o l l i d e r .  
Because of  t h e  many f a c i l i t i e s  a l r e a d y  i n  p l a c e  a t  
BNL, i n c l u d i n g  i n j e c t o r ,  t u n n e l ,  r e f r i g e r a t o r  and 
exper imenta l  h a l l s ,  a c o s t ' t o  complet ion on t h e  
order  of  $200 M is es t imated .  The unique phys ics  
o t e n t i a l  o f  t h i s  f a c i l i t y  .is wide ly  recognized 

!lo), and i t s  t imely complet ion w i l l  l ead  t o  new 
p e r s p e c t i v e s  and unders tandings  of  t h e  fundamental 
p r o p e r t i e s  of  matter i n  regimes not  a c c e s s i b l e  by 
o t h e r  e x i s t i n g  or  planned f a c i l i t i e s .  
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