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SUMMARY OF THE PHYSICS REVIEI PANEL ON 
HEAVY I O N  COLLIDER SPECIFICATIONS 

M. Barton, H. Gutbrod, T. Ludlam 
January 4, 1984 

A design group f o r  a R e l a t i v i s t i c  Heavy Ion C o l l i d e r  has been 

es tab l i shed a t  Brookhaven and i s  prepar ing a d e t a i l e d  study f o r  a machine which 

would use t h e  AGS as i n j e c t o r  f o r  c o l l i d i n g  beams o f  heavy ions  i n  t h e  e x i s t i n g  

CBA tunnel . The essent ia l  s p e c i f i c a t i o n s  o f  t he  c o l l i d e r  have been taken t o  be 

those o u t l i n e d  by a study group which met a t  BNL August 22-24, 1983. This  

group es tab l i shed a set  o f  design goals based on physics questions and the  

requirements o f  t h e  a n t i c i p a t e d  research program. The r e p o r t  o f  t he  August 

study group i s  attached as Appendix I. 

Ear l y  i n  December, The Design Group requested t h a t  t h e  c o l l i d e r  

s p e c i f i c a t i o n s  be re-examined from t h e  physics p o i n t  o f  view, t a k i n g  account o f  

new i n s i g h t s  gained. a f t e r  several weeks o f  d e t a i l e d  study by t h e  machine 

exper ts  . 
compiled by A. 6. Ruggiero and i s  attached as Appendix 11. 

The speci f i  c request , out1 i n i  ng several issues f o r  d iscuss ion  , was 

An ad - -  hoc panel o f  p h y s i c i s t s  was convened, most o f  whom had p a r t i c i p a t e d  

i n  the  August study. The panel met w i t h  members o f  t h e  Design Group on 
December 20th. The p a r t i c i p a n t s  i n  t h e  meeting were: 

Physics Review Panel : Design Group: 

G. Baym - U n i v e r s i t y  o f  I l l i n o i s  
K. Foley - BNL 
H. Gutbrod - GSI/Darmstadt 
P. Haustein - BNL 
T. Ludlam - BNL 
L. McLerran - U n i v e r s i t y  o f  Washington 
A. Mue l le r  - Columbia U n i v e r s i t y  
H. Pugh - LBL 
G. Young - ORNL 

M. Barton - BNL 
J. Claus - BNL 
H. Hahn - BNL 
G. Parzen - BNL 
A. Ruggiero - Fermilab 

Also present f o r  t he  d iscuss ion  were P. J. Reardon, Associate D i r e c t o r  o f  

t h e  Brookhaven Laboratory, and A. Schwarzschild, Chairman o f  t h e  Physics 
Department . 
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After opening remarks by Paul Reardon and a technical presentation by Mark 
Barton, each of the specific points raised by the Design Group was taken up  i n  
turn by the members of the panel. 
discussion on each p o i n t .  

Here we summarize the results of the 

Maximum Energy 

each beam for the heaviest ion (e.g. Gold, with Z/A =0.40). They ask whether 
the potent-ial cost saving of low-field magnets would warrant reducing the t o p  
energy . 

The Design Group has been aiming for a t o p  energy of 100 GeV/nucleon i n  

The panel did not try t o  reach a definite conclusion on this issue since 
many cost and performance details remain t o  be worked out .  I t  was generally 
agreed among a l l  the panelists t h a t  i t  would be useful t o  determine whether 
alternative approaches, such as low-field magnets, could offer cost savings 
amounting t o  a significant fraction of the to t a l  project cost while maintaining 
a t o p  energy of - > 75 GeV/nucleon. 

Some members argued t h a t  the reason most often cited for go ing  t o  collider 
energies - the desire t o  achieve a "clean" central region extending over 
several units of rapidity - does not offer a compelling distinction between 75 
and 100 GeV. The on-set o f  such a central region i s  not a we1 1 -defined 
threshold phenomenon. 
logarithmically with energy. An analysis by Baym, Bjorken and McLerran 
indicates t h a t  a t  extremely h i g h  energies, any residual "baryon pol l  ution" in 
the central region i s  probably sufficiently sma 1 t o  be acceptable for the 
study of quark plasma, i n  the sense t h a t  one wil be able t o  extrapolate this  
data t o  zero chemical potential . 

And the avail able rapidity space grows only 

On the other hand,  i t  was pointed out  t h a t  one gains i n  the 
i n  the central region w i t h  'increasing collision energy, and for this reason the 
beams should be as  energetic as i s  practical. A po in t  raised a t  th is  meeting, 
which  has previously been given l i t t l e  attention, i s  the observation of the 
production and propagation of j e t s  i n  nuclear matter: In proton-proton 
collisions a t  the ISR (30 GeV p-eam) je t s  are extremely diff icul t  t o  observe, 

. 
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whereas i n  the  5-p C o l l i d e r  (270 GeV per beam) j e t s  are e a s i l y  seen and c lean ly  

i s o l a t e d  from t h e  m u l t i p a r t i c l e  background. I n  t h e  d i f f i c u l t  environment o f  

heavy i o n  c o l l i s i o n s  t h e  behavior o f  j e t s  i n  nuc lear  mat te r  may o f f e r  impor tant  

new physics resu l t s .  For t h i s  purpose t h e  d i f f e r e n c e  between 30 and 100 

GeV/nucleon i s  c e r t a i n l y  s i g n i f i c a n t ,  and the  d i f f e r e n c e  between 75 and 100 

GeV/nucl eon could wel l  be impor tant  a1 so. 

Several o f  t h e  p a n e l i s t s  noted t h a t  t h e  unique circumstances o f  a design 

The energy sca le  imp l ied  f o r  t h e  Brookhaven s i t e  should not  be under-valued. 

by t h e  c a p a b i l i t y  a l ready e x i s t i n g  i n  t h e  CBA r i ng ,  experimental h a l l s ,  and 

cyrogenic system should not be too  much compromised l e s t  t h e  heavy i o n  p r o j e c t  
l o s e  i t s  a t t rac t i veness ,  e s p e c i a l l y  among h igh  energy phys i c i s t s .  

The panel r e i t e r a t e d  t h e  importance t o  t h e  physics program o f  being ab le  

t o  operate the  c o l l i d e r  occas iona l l y  a t  very low energies: i .e. a t  t h e  

i n j e c t i o n  energy o f  12+12 GeV/nucleon f o r  yo ld  o r  even lower, say 5+5. The low 

energy opera t ion  i s  impor tant  f o r  c o n t i n u i t y  o f  data w i t h  t h e  measurements from 

lower  energy machines ( f i x e d  t a r g e t  experiments a t  AGS and SPS) and, more 

important, t o  exp lo re  t h e  energy regime o f  maximum baryon d e n s i t y  where the  

c o l l i d i n g  nuc le i  j u s t  s top each o ther  i n  t h e  average c o l l i s i o n .  The bes t  

energy range f o r  t he  l a t t e r  study i s  on ly  roughly  estimated from present data, 

t i s  not  deemed advisable t o  i n s i s t  on t h e  

f t h i s  means s a c r i f i c i n g  top  end 

and f l u c t u a t i o n s  w i l l  be la rge ,  so 
h ighes t  qual i t y  performance a t  5+5 
performance. 

The panel recognized t h a t  t h e  l um inos i t y  achieved a t  top  energy w i l l  not  

be matched i n  lower energy operat ion;  t he  l um inos i t y  f o r  a given i o n  species i s  
expected t o  f a l l  w i t h  energy as 1/y. Below t h e  i n j e c t i o n  energy (12+12) t h e  

drop-o f f  w i t h  energy may be even fas te r .  

poss ib le  down t o  5+5 i f  experimenters are w i l l i n g  t o  accept low l u m i n o s i t y  and 

sho r t  beam l i f e t i m e .  

using a gas j e t  t a r g e t  and a beam i n  one r i n g  up t o  75 GeV/nucleon. 

Nonetheless, opera t ion  should be 

Below t h i s  energy exce l l en t  l um inos i t y  can be obtained 
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Lumi nosi t y  

The panel agreed w i t h  the recommendation made in August t h a t  a m i n i m u m  
luminosi ty  L - > 1025cm-2sec'1 a t  the t o p  end (highest mass, highest energy) be 
attainable i n i  t i  a1 ly. 

In light of the recent technical studies i t  appears t h a t  the August 
recommendation t h a t  the machine be designed t o  ultimately achieve L - > 
1028cm-2sec-1 may be unrealistic. 
however, i t  seems t h a t  the machine can be designed t o  ultimately achieve 
1 uminosi t i es  approaching 1027cm-2sec-1. 

From the presentations made a t  this meeting, 

I t  was very strongly fe l t  t h a t  in order for the machine luminosity t o  be 
useful for experiments, the longitudinal extent of the crossing regions - i.e. 
the length of the source of interactions seen by detectors - should not exceed 
an r.m.s. size of + 20 cm. - 

The implications for experimenters of bunched beam operation were 
discussed rather superficially, a detailed study being needed t o  arrive a t  firm 
conclusions. A t  L = 1027cm'2sec'1, w i t h  gold ions, the mean number of 
interactions per bunch crossing i s  near zero, so the rate for multiple 
interactions per crossing i s  small (< 1%) i n  comparison with single 
interactions. Nonetheless, the "interesting" events are a1 so re1 atively rare, 

y faked by multiple interactions. The experimenters present fe l t  t h a t  
were t o  be preferred over bunched beams i f  this were t o  become a 
design choice. 

and easi 
DC beams 
pract i ca 

I t  was suggested t h a t  the machine designers should, i f  possible, keep open 
the op t ion  for special purpose running in a crossing configuration with very 
short interaction diamond. 
b u t  for many experiments i t  may be more important t o  have a source of 
interactions which is precisely localized i n  space. 

T h i s  would involve some trade-off with luminosity, 
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Range of Ion Masses: 

The selected table of ion species, respecting the fact  t h a t  linear 
dimensions of nuclei grow as A l l 3 ,  seemed quite adequate t o  the panel for 

on. The l i s t  is:  Protons, carbon, sulphur, copper, iodine, i n i t  i a1 operat 
yo1 d . 

The panel members agreed t h a t  deuterium would be a useful a d d i t i o n ,  b u t  
t h a t  this should - not be viewed as  a replacement for protons (see next p o i n t  
bel ow) 

Modes of Operation 

The design group has forseen four different modes o f  operation for the 

1 A + A Same species 
2. A + A’ Unequal species 
3. P + A Protons in one beam 
4. P + P Protons i n  b o t h  beams 

collider (see App. 11, P. 4) 

The essential issue here i s  whether items 2 and 3 are required t o  be 
available w i t h  the same energy per nucleon i n  each beam, thereby ruling o u t  a 

.design with common magnets. 

The panel fe l t  strongly t h a t  collisions of protons w i t h  ion beams should 
not be excluded i n  the machine design. 
systematic studies t o  be done w i t h  item 3 above could a lso  be done w i t h  
deuterons. 
reluctant t o  give up the direct connection with a wealth of d a t a  from fixed 
target proton beams. And i t  was pointed out t h a t  protons i n  one ring, w i t h  
f u l l  rigidity, would have twice the energy per nucleon achievable w i t h  higher 
mass ions, affording a much higher energy for nucl eon-nucl eus coll isions than 
would otherwise be avail ab1 e. 

T h i s  despite the fac t  t h a t  many of the 

Both the theorists and the experimental i s t s  on the panel were 
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Another i ssue  r a  

d i f f e r e n t  energies i n  

sed a t  t h e  meet 

the  two r ings .  

ng was the  poss ib i  

Th is  can prov ide  a 

i t y  o f  opera t ing  w i t h  

means o f  ga in ing  

eas ie r  access t o  c e r t a i n  k inemat ic  regions i n  the  f i n a l  s ta te,  p a r t i c u l a r l y  

w i t h  de tec tors  which cover l e s s  than the  f u l l  s o l i d  angle. A t  t h e  August 
meeting t h i s  mode o f  opera t ion  was deemed o f  secondary importance s ince i t  does 

not fundamental ly broaden the  range o f  physics parameters. 
i n  favor  o f  such an opera t ion  are nonetheless va l i d ,  and strengthen the  case 

f o r  keeping t h e  p o t e n t i a l  operat ing modes as f l e x i b l e  as poss ib le .  

The p o i n t s  ra ised  

Length o f  Free Space i n  I n t e r s e c t i o n  Regions 

I n  d iscuss ions among t h e  panel members and t h e  design group i t  became 

c l e a r  tha t ,  a t  t h i s  stage o f  t h e  machine design a t  l eas t ,  t h e  requirement o f  a 

- + 10 meter f r e e  space f o r  de tec to rs  a t  t h e  c ross ing  reg ions need no t  be a 

c r i t i c a l  issue. I f  a proper design f o r  the  c ross ing  reg ion  c a l l s  f o r  a c lose-  
i n  quadrupole o r  d i p o l e  t h i s  can doubt less be accommodated i n  t h e  d e t e c t o r  

design, as has been t h e  case i n  many instances i n  e'e- C o l l i d e r s  and a t  the  

ISR. 
CBA Experimental areas are  b u i l t  t o  prov ide f o r  a - + 30 meter f r e e  space. 

There would be p l e n t y  of f r e e  space beyond t h e  c lose - in  magnets, and t h e  

Beam P u r i t y  

Fragmentation o f  t h e  Heavy-Ion Beams by e i t h e r  interbeam o r  intrabeam 

s c a t t e r i n g s  o r  reac t i on  of t h e  beams w i t h  res idua l  gas i n  the  vacuum system 

r e s u l t s  i n  t h e  produc t ion  o f  l i g h t e r  mass products w i t h  the  same Z/A r a t i o  and 

same magnetic r i g i d i t y  as t h e  pr imary beam. These secondary products w i l l  
t h e r e f o r e  c i  r c u l  a te  wi-th t h e  primary beam and be a p o t e n t i a l l y  t r o u b l  esome 

source of background events. Relevant product ion cross sec t ions  f o r  these 
secondary processes a t  energies impor tant  f o r  t h e  c o l l i d e r  design are sparce o r  

non-existant. I n  some cases, they  can be estimated from Bevalac s tud ies  up t o  

2 GeV/nucleon. 

g rea ter  d e t a i l  than has been poss ib le  up t o  now. 
product ion ra tes  o f  secondary beam p a r t i c l e s  as a f u n c t i o n  o f  beam energy, 

l um inos i t y ,  and i o n  type  i n  the  var ious operat ion scenarios w i l l  a l l ow  r e l i a b l e  

p red ic t i ons  t o  be made o f  background processes. 

It was t h e r e f o r e  thought prudent t o  examine t h i s  problem i n  

A b e t t e r  understanding o f  



BNL, 12/13/83 
Request t o  Re-evaluate o r  t o  Confirm the  Goals f o r  t h e  

Heavy Ion Col l ider  
The RHIC Task Force 

(Compiled by A. G. Ruggiero) 

In approaching the design of t h e  Heavy Ion Coll ider  (RHIC) we have, i n  
f r o n t  of us the  following requirements: 

1. Maximum Energy of 100 GeV/nucleon for  the  heaviest  ion 
2. Minimum Energy of 5 GeV/nucleon f o r  the heaviest  ion  
3 .  A luminosity a t  top energy of C I U - ~ S ' ~  wi th  

cm-2s-1 
4. A range of ions from protons up t o  A%200 
5. E q u a l  and d i f f e r e n t  species operat ion modes 
6 .  Variable energies between 5 and 100 GeV/nucleon 
7. Magnet f r e e  space a t  crossing of +10m 

p o s s i b i l i t y  of upgrading it to 

- 
After about one month of intense s tudies  several  i s sues  have nevertheless  been 
r a i sed  and the a t t a i n a b i l i t y  of the goals  l i s t e d  above are questioned again.  
Below a r e  the l i s t  of issues .  
with the list of requirements above. 

These i ssues  have a point-to-point correspondence 

I ssue  #1 

This energy can be achieved i n  several  ways. One p o s s i b i l i t y  i s  the  use of the 
m i s s i s  magnet scheme with employment of t h e  CBA magnet. 
t o  assume a f u l l  packing i n  the curved sec t ion  of the CBA tunnel. I n  t h i s  case 
a bending f i e l d  of about 3.3 T e s l a  i s  required and adequate. 
does not have to  exceed 3". This can be reasonably w e l l  achieved with e i t h e r  a 
window frame magnet o r  a cos 8 p r o f i l e  superconductirlg magnet. 

It i s  also possible  

The i .d .  c o i l  

A cos t  optimization study is  i n  progress to  e s t ab l i sh  the  po ten t i a l  cost  
savings from the use of the various kinds of magnets. 

If the cost  of the pro jec t  i s  a n  i s sue ,  c o s t  savings can be achieved by 
reducing the number of magnets or  fu r the r  lowering the  f i e l d  to about 2.4 
Tesla,  and t h i s  would correspond to  a lower maximum energy of 75 GeV/nucleon 
f o r  A-200. 
and w i l l  depend on the  atomic mass A. 

The following Table I shows t h e  maximum energy for  a given f i e l d  

Table I. Maximum Energy vs. Magnet F ie ld  and Atomic Mass 
(Assuming F u l l  PacMng) 

F ie ld  

Proton (I?) 
Carbon (C) 
Sulphur (S) 
Copper (Cu) 
Iodine ( I )  
Gold (Au) 

2.4 Tesla 3.3 Tesla 

187.5 GeV/A 
95 
95 
85 
78 
75 

250 GeV/A 
12 5 
12  5 
114 
104 
100 
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Question: 
abso lu t e  requirement? O r ,  could it be lowered somewhat i f  t he re  i s  an 
economical b e n e f i t ?  

I s sue  82 

Is the  energy of 100 GeV/nucleon f o r  the  heaviest  ion,  an 

The major reason f o r  a l a r g e  a p e r t u r e  i s  to  accommodate a beam of heavy 
ions a t  the  low energy end, and possibly to acce le ra t e  i t  through the  t r a n s i t i o n  
energy. A t  the moment we estimate a max beam diameter of about one inch a t  
5 GeV/A f o r  gold and the  magnet c o i l  i .d .  of 3" seems to  be  adequate f o r  t h i s  
beam s i ze .  Conversely a t  the top energy the  beam s i z e  is about 5 mm. A good 
f i e l d  region of about two inches is  needed a t  5 GeV/A a d  one inch i s  more than  
adequate a t  100 GeV/A. Clearly,  the  a p e r t u r e  of the  magnet depends c r u c i a l l y  on 
t he  requirement t o  operate the c o l l i d e r  a t  low energies.  

Furthermore, we have a l s o  found that intra-beam-scattering ( the  phenomena 
by which particles of t he  same beam exchange t ransverse  and long i tud ina l  
momenta by Coulomb s c a t t e r i n g )  i s  a very se r ious  and l imi t ing  e f f e c t .  It i s  
a l r eady  d i f f i c u l t  to find a lat t ice and beam dimension (emittances) t h a t  
guarantee high luminosity and long l i f e t i m e  a t  the high energy l eve l .  It could 
be. very d i f f i c u l t  t o  maintain high luminosity f o r  a long period of t i m e  a t  
5 GeV/A. 

F i n a l l y ,  i t  should be s t r e s sed  that the opera t ion  of the  c o l l i d e r  from 5 
t o  100 GeV/A requi res  a magnet system capable of tracking i n  f i e l d  over a range 
of a f a c t o r  20. 

W e  would l i k e  to  suggest t o  reconsider the  goa l  and set the design energy 
a t  the i n j e c t i o n  l e v e l  which is ,  with t.he present AGS, 12 GeV/A fo r  gold and 28 
GeV f o r  protons. Operation a t  lower energies could s t i l l  be poss ib le  b u t  
without performance guarantees.  

I s sue  f 3  

An i n i t i a l  (peak) luminosity of about cm'2s'1 seems f o r  
t he  moment to be a t  the  border l i n e  of f e a s i b i l i t y  a t  the  energy of 100 
GeV/nucleon. 
to keep the  luminosity a t  that level. A s  we have pointed out  it seems t h a t  
intrabeam sca t t e r ing  can cause a ser ious  degradation of the  luminosity more 
than any other effect. Also we should not forge t  that i t  takes sometime t o  
fill up the  c o l l i d e r  with heavy ions  and to  accelerate the beams. The scenario 
that i s  d e v e l o p i q  i n  f r o n t  of us very l i k e l y  w i l l  have a f i l l i r l g  t i m e  of 
s eve ra l  minutes, a n  acce le ra t ion  period of about the  s a m e  length and a 
co l l i d ing  operation period that can l as t  hopefully one hour or  so. After t h i s  
period of t i m e  it would be more convenient to r e f i l l  the  r ings  with f r e sh  
beams. By doing so, though one can ge t  an i n i t i a l  (peak) luminosity of 

C I U - ~ S - ~ ,  the  actual luminosity use fu l  fo r  experiments averaged 
over one cyc le  about one hour long, could be one-third to one-half of 

~rn-~s'l. Is t h i s  acceptable? 

But the real i s sue  i s  l i f e t i m e ,  that is how long it i s  poss ib le  
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For the moment our luminosity estimates are based on the  assumption of 
l a rge  a n g l e  ( %2 mrad) fo r  t he  reasons we explain below. This mode of 
opera t ion  s ince  it depends on the bunch length  ( t h e  beams are assumed to  be 
bunched) demands e i t h e r  a very in t ense  beam (10% f i l l i n g  t i m e s ,  r f  
stacking ...) o r  extremely shor t  bunches ( s h o r t e r  luminosity l i f e t i m e ,  l a r g e  
voltage and high r f  system...). 

An alternate mode of operation when the  two beams c o l l i d e  head-on seems 
attractive. The two modes of operation d i f f e r  as to t h e i r  u l t imate  luminosity 
p o t e n t i a l ,  v a r i a t i o n  of luminosity with energy, i n t e r a c t i o n  region dimensions 
and operation with d i f f e r e n t  ion spec ies .  

Another cons idera t ion  r e l a t e d  to  the  geometry of crossing i s  the  t i m e  
d i s t r i b u t i o n  of t he  number of events f o r  crossing. For a luminosity of 
1028cm-2s-1, ten events per crossing can be  expected. 
de t ec to r  has a t i m e  r e so lu t ion  of say 1 nsec, then the  bunch length ought t o  
b e  a t  least 3 meters long. This i s  by no means a sho r t  bunch and the  
luminosity would s u f f e r  by operating with crossing a t  an  angle. 
hand head-on c o l l i s i o n  with long bunches could have the  inconvenience to  
create long i n t e r a c t i o n  reg ions  (where t h e  events come from) about ha l f  t h e  
s i z e  of the  bunches. 

I f  t he  

On t h e  o ther  

The questions are: What is  the  b e s t  opera t ion  mode of the c o l l i d e r  as 
perceived by the  experimenters? How long can the  i n t e r a c t i o n  region be? W h a t  
i s  the  l a r g e s t  luminosity per  u n i t  of t i m e  that the de t ec to r  can absorb? 

I s sues  # 4 

We have se lec ted  the following species as the  minimum requirement f o r  the 
Heavy Ion  Collider program. 

Table I1 - Selected Species f o r  RHIC 

Proton (1 )  1 1 1.0 
Carbon (2) 6 12 ' 2.0 
Sulphur (3 )  16 32 2.0 
Copper (4)  29 64 2.2 
Iodine (5 )  53 127 2.4 
Gold (6 )  79 197 2.5 

These spec ies  have an  atomic mass A that roughly s c a l e s  l i k e  n3 wi th  n 
an in t ege r  from 1 t o  6. Also the re  are negative ions sources for  these .  
s e l ec t ed  species that can be fed i n t o  the present Tandem VandeGraaff a t  
reasonable high cu r ren t  level. 

One more element, deuterium, can be  added a t  request f o r  the  reasons 
explained later. Is t h i s  s a t i s f a c t o r y ?  Is the re  a compulsory need fo r  more 
add i t ions?  
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I s sue  t 5  

We foresee  four d i f f e r e n t  modes *of operation of the  c o l l i d e r :  

1. 

2 .  

3. 
4 .  Protons co l l i d ing  with protons 

Same species c o l l i d i n g  with each other a t  the  same energy, 
f o r  ins tance  gold versus gold. 
One spec ie  (AI) c o l l i d i n g  with another spec ie  of d i f f e r e n t  
atomic mass (A2), l i k e  gold versus sulphur. 
One of t he  f i v e  se lec ted  ion spec ies  c o l l i d i n g  with protons 

Protons are d is t inguished  from the  heavier ion  because they are produced 
by a d i f f e r e n t  source. 

So f a r  we have assumed that the  two beams co l l id ing  with each other should 
have the same energy per nucleon as a requirement from the  users.  This does 
not seem to impose any f u r t h e r  cons t r a in t  on beam geometry and crossing f o r  t h e  
mode of opera t ion  #l. 
have the s a m e  energy, they can a l s o  share common magnets, and head-on c o l l i s i o n  
i s  c e r t a i n l y  f e a s i b l e  here. W e  do understand tha t  t h e r e  i s  no need of 
c o l l i d i n g  two beams of the  same spec ies  a t  d i f f e r e n t  energies.  The case of 
protons c o l l i d i n g  with protons (Mode #4) a l s o  i s  r a t h e r  f l e x i b l e  and the  two 
beams can have common magnets t o  be  brou h t  together head-on. Inc iden ta l ly ,  i n  
t h i s  case a peak luminosity of l O 3 I  - 1052cm-2s-1 seems to  b e  f e a s i b l e  

-In t h i s  case as  long as the  two beams are i d e n t i c a l  and 

The issue i s  with the  modes of opera t ion  #2 and #3. I f  one i n s i s t s  on the  same 
energy per nucleon, a common magnet scheme is to b e  ru led  out and the beam can be made 
to c o l l i d e  only a t  an angle. The smallest we can ge t  is  2 mrad. 

With a common magnet scheme, two beams with d i f f e r e n t  species must have 
d i f f e r e n t  energies because of the  d i f f e r e n t  r a t i o s  BIZ. The d i f fe rence  i n  
energy is  shown i n  Table 111. A s  one can see the c r u c i a l  cases are  those where 
one beam i s  made of protons. Questions: How c lose  should the  two energies be? 
Can one rep lace  protons with deuterons (A/Z=2)? 

Probably the  b e s t  s i t u a t i o n  i s  obtained with crossing region design where 
common magnets are turned on to bring the two beams to c o l l i d e  head-on .when 
desired ard switched off when crossing a t  angle is  mandatory. It is  poss ib le  though 
that i n  the latter case which corresponds to d i f f e r e n t  co l l i d ing  atomic spec ies ,  the  
luminosity w i l l  be reduced. 

Two remarks a t  t h i s  point are i n  order. I f  the two beams have the s a m e  
energy per nucleon they also have the same ve loc i ty  and the  c o l l i s i o n  poin ts  w i l l  no t  
d r i f t ,  i f  the beams are bunched a l l  the  t i m e .  I f  the  two beams a r e  of . d i f f e r e n t  
energies they cannot have the  same ve loc i ty  and t o  compensate f o r  t h i s ,  t h e  v e l o c i t y  
path length  has t o  be ad jus ted  accordingly so they w i l l  c o l l i d e  a t  the. S a m e  points.  
This i s  poss ib le  always except when one of the  two beams i s  made of protons. 

The second remark i s  that i f  t h e  common magnets i n  the crossing region are 
to  be excluded there  is  then more reason to  exclude t h e  so-called two-in-one 
magnets h e r e  the two magnets share  the  s a m e  i r o n  ‘in f u l l  coupling so the f i e l d  
is the  same i n  both of them. This magnet cannot allow t h e  same energy per 
nucleon f o r  two beams of d i f f e r e n t  species. 



Table I11 - Energies of Different S p e c i e  Beams Colliding 
with Common Magnets 

Gold - Iodine 
Copper 
Sulphur 
Carbon 
Proton 

Iodine - Copper 
Sulphur 
Carbon 
Proton 

~ Copper - Sulphur 
Carbon 
Proton 

Sulphur - Carbon 
Pro ton 

Carbon - Proton 

100/96 GeV/A 
88 
80 
80 
40 

100/91.7 GeV/A 
83.3 
83.3 
41.7 

100/90.9 GeV/A 
90.9 
45.4 

100/100 GeV/A 
50  

100 /50  GeV/A 
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The questions are: How equal ought to be the energies of the two beams? 
Can one take lesser luminosity in the case of two different species? 
deuterium replace protons colliding with heavier ions? 

Issue f 6  

Can 

Because of the severe limitations from intrabeam scattering and because of 
the aperture limitations at the low ener y end, it is very difficult to 
maintain the same luminosity of 
can expect a luminosity just an order of magnitude lower at 5-12 GeV/A. 
this acceptable? 

cm-$s'l at all energies. One 
Is 

Since the beam dimensions scale with the energy, automatically there is a 
benefit in getting larger luminosity figures going to higher energies. 
benefit is lost at low energies. 
dynamic bottleneck in the collider at low energy; if one re uires to widen up 
this bottleneck to accommodate a luminosity as large as 1027cm-zs-1 
then there is the danger of requesting a design of much higher performance 
collider at the top energy. 

This 
That is to say that there is a natural, 

Issue 87 

It is important that the experimenters confirm or re-evaluate the 
requirements for a free space of +lb at the crossing region. This distance 
combined with the difficulties of-designing a proper interaction region with 
low-beta and rings crossing at an angle, can appreciably affect the performance 
of the collider . 
Issue W8 

So far we have concentrated our study to what we call the reference case, 
that is gold versus gold. 
estimated for this case. We need more study for the other cases with different 
and other species. But the conviction in us is growing that very likely higher 
luminosity can be obtained with lighter ions. 
luminosity of 1031-1032cm-2s-1 with protons colliding with 
protons and 1030 - 1031 cm'%'l with protons colliding with 
anything else. With lighter ions, for which intrabeam scattering is a less 
crucial effect, luminosity as high as 
feasible. 
increase with lighter ions. To soften then some of the requirement of the 
collider design it is legitimate to ask where the goal of the luminosity figure 
1027cm-2s-1 should fall. 
versus gold, or should the line be drawn toward lighter ions? 

A luminosity of 1027cm-2s-1 has been 

For instance we project a 

cm-2s-1 can probably be 
The picture that we outline is that the luminosity performance will 

Is this really the requirement for gold 


