
BNL 50718 

GeV 

A PROTON-PROTON 
COLLIDING BEAM FA1LITY 

B R O O K H A V E N  N A T I O N A L  LABORATORY 
UPTON, NEW Y O R K  11973 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



B!L 50718 
( P a r t i c l e  Accelerators  and 

High-Voltage Machines - T I D  4500) 
, , 

% '  

' . .  I S A B E L L E  . 

JANUARY 1978 

djSTHIBU'I ION OF THIS DOCUMENT IS UPJKIMITED 

ad\ 
B R O O K H A V E N  b l A T I O N A L  L A B O R A T O R Y  

' ' 
NOTICE 

A S S O C I A T E D , U N I V E R S I T I E S ,  I N C ;  

UNDER CONTRACT NO, EY-76-C-02-0016 WITH THE 

UNITED STATES DEPARTMENT OF ENERGY 

_- -A - 

t 

mh was p,rcparcd s an account of work 
sponaorcd by the Untted States Govcmmenl Neither h e  
unitrd states nor l c  United States Dcpmtmcnt of 

nf their employees, nor any of their 
subconlractorr, 01 l e u  cmployccs. makes 

any express or implied, or anumcs any legal 

linbilily or for the accuracy, complctcness 

., ~ ~ r ~ ~ n e s s  any information, appmtus.  product Or 

procert discloud, or represents that iU us? would not 
infringe pdvatcly owned rights. 



This  r e p o r t  was prepared a s  an account of work sponsored by 
t h e  United S t a t e s  Government. Nei ther  t h e  U.S. nor  t h e  U.S. 
Department of Energy, nor  any of t h e i r  employees, nor  any of t h e i r  
c o n t r a c t o r s ,  subcon t rac to r s ,  o r  t h e i r  employees, makes any warranty ,  
express  o r  impl ied,  o r  assumes any l e g a l  l i a b i l i t y  o r  r e s p o n s i b i l i t y  
f o r  t h e  accuracy,  completeness o r  use fu lness  of any informat ion,  
appara tus ,  product  o r  process  d i sc losed ,  o r  r e p r e s e n t s  t h a t  i t s  use 
would no t  i n f r i n g e  p r i v a t e l y  owned r i g h t s .  

PRINTED I N  THE UNITED STATES OF AMERICA 
Ava i l ab le  from 

Nat iona l  Technical  Informat ion Se rv ice  
U.S. Department of Commerce 

5285 P o r t  Royal Road 



PREFACE 

This i s  t h e  conceptual design r epor t  f o r  t h e  cons t ruc t ion  of 
an I n t e r s e c t i n g  Storage Accelera tor ,  ISABELLE, t o  be loca t ed  a t  
Brookhaven National  Laboratory. A t  t h i s  major research  f a c i l i t y  
beams of protons wi th  energ ies  up t o  400 GeV w i l l  be co l l i ded  i n  s i x  
experimental  a reas .  A t  each a r e a  p a r t i c l e  p h y s i c i s t s  w i l l  i n s t a l l  
d e t e c t o r  apparatus t o  s tudy t h e  i n t e r a c t i o n  and r eac t ion  products  
f o r  such very high energy c o l l i s i o n s .  The proposa l  r e s u l t s  from 
s e v e r a l  yea r s  of s tudy and development work on such a f a c i l i t y .  The 
encouragement and sus ta ined  support  of t h e  Department of Energy 

previously ERDA) is  g r a t e f u l l y  acknowledged. 

Ind iv idua l s  from t h e  Accelera tor  and Physics departments of '. 

Brookhaven have done the  d e t a i l e d  work involved i n  preparing t h i s  
document. Their work has been made e a s i e r  by t h e  r e s u l t s  of num- 
erous Workshops i n  which f u t u r e  u n i v e r s i t y  u se r s  of t h e  f a c i l i t y  
p a r t i c i p a t e d .  Spec ia l  recogni t ion  should be given t o  t h e  e f f o r t s  
of H. Hahn, who headed t h e  ISABELLE Division during t h e  p a s t  few 
years .  Prel iminary conceptual  design work w a s  organized by 
M. Barton wi th  physics motivat ion from the  Physics Department, 
cha i red  by N. Samios. 

The work was organized through t h r e e  e f f o r t s ;  a Parameter 
Committee cha i red  by H. Hahn, a Finance Committee cha i red  by 
J. Spiro,  and an E d i t o r i a l  Committee cha i red  by J. Sanford. The 
committee members, whose names a r e  l i s t e d  below have made major 
con t r ibu t ions  t o  t h i s  proposal ,  and t h e i r  he lp  i s  acknowledged wi th  
thanks. 
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M e m b m  04  Xhe Finmce CommhXee: S.T. Giordano, H. Hahn, 
D.A. Kassner, H. McChesney, Jr. ,  P.V. Mohn, I.J. Polk,  W.B. Sampson, 
R.P. Shu t t ,  J. Spiro. 

Membaa 06 f i e  Editonide Commi;trtee: P.F. Dahl, H.W. J. Foelsche,  . Hahn, J . C .  t. r r e r a ,  T.F. Kycia, F. Paige,  R.F. P e i e r l s ,  E.C. Raka, 
.R. Sanford. A.M. Thorndike. 
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I, INTRODUCTION AND SUMMARY 
OF THE ISABELLE PROPOSAL 

ISABELLE w i l l  provide a  research  instrument capable of 

s tudying proton-proton c o l l i s i o n s  t o  very  high energies .  One 

r i n g  of magnets ca r ry ing  protons w i l l  be . i n t e r l aced  wi th  a  

second r i n g  of magnets ca r ry ing  protons c i r c u l a t i n g  i n  the  

opposi te  sense.  The beams w i l l  c ros s  a t  s i x  loca t ions  where 

ea r ly  head-on c o l l i s i o n s  take  place.  Research h a l l s  w i l l  be 

-3nstructed a t  these  regions f o r  t he  housing of t he  p a r t i c l e  

d e t e c t o r s  used i n  s tudying the  proton-proton c o l l i s i o n s .  

The advantage of u s ing  c o l l i d i n g  beams t o  achieve high 

center-of-mass energ ies  was recognized many years  ago. Following 

the  opera t ion  of t he  30 x 30 GeV proton-proton ISR a t  CERN i n  

1971, proposals  were made f o r  t he  extens ion  i n  energy and 

i n t e n s i t y  of such devices.  Elec t ron-pos i t ron  s to rage  r i n g s  a r e  

c u r r e n t l y  i n  opera t ion  wi th  major i nc reases  i n  energy planned f o r  

about 1980. Figure 1.1 shows t h e  energy a v a i l a b l e  from both 

f ixed  t a r g e t  proton synchrotrons and s to rage  r ings .  A s  can be 

seen,  ISABELLE would enjoy a  commanding pos i t i on .  

The cons t ruc t ion  of high-energy proton-proton s to rage  r i n g s  

a t  Brookhaven has been s tudied  extens ivdly  .;t Proposals were 

prepared leading up t o  a  l a rge  summer study i n  1975, and work- 

shops i n  1976 and 1977. These meetings were held f o r  t h e  

purpose of exploring the  des ign  f e a t u r e s  and intended use of 

ISABELLE. They helped t o  c l a r i f y  the  important f e a t u r e s  of t he  

:eject, and t o  e n l i s t  t he  support  of the u n i v e r s i t y  research  

- ~mmunity. 

* See the  1976 proposal  f o r  a  h i s t o r y  of t he  development of 
ISABELLE inc luding  references  t o  e a r l i e r  work. 
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Fig. 1.1. Growth of the center-of-mass energy for high energy 
accelerators and storage rings over recent decades, 



The Department of Energy (DOE) has provided increased accel-  

e r a t o r  R&D funds fo r  ISABELLE s ince  FY 1975. This has been 

supplemented by Construction, Planning and Design (CP6J)) funds 

f i r s t  awarded i n  March 1976. These funds have been used t o  eval-  

uate  the cos t  and design problems associated with building such a 

research f a c i l i t y .  In the course of events i t  was found des i rab le  

t o  r a i s e  the energy t o  400 GeV i n  each beam and t o  redesign the  

magnet configuration for  a s ix-fold  geometry. 

I n  p a r a l l e l  with these developments, the high-energy commu- 

n i t y ,  through subpanels of HEPAP, considered ISABELLE and other 

nat ional  projects .  These panels recommended increased f inanc ia l  

a id  fo r  the supporting R&D a c t i v i t i e s ,  and subsequent author iza t ion 

of the project .  They saw t h i s  project  a s  p a r t  of a new na t iona l  

i n i t i a t i v e  i n  high-energy physics t h a t  would bring a major research 

f a c i l i t y  t o  Brookhaven while extending the usefulness of the e x i s t -  

ing AGS. The most recent  panel (HEPAP 1977) met i n  June, 1977 and 

sustained the commitment t o  ISABELLE. Their unanimous opinion i s  : 

'"We recommend as  our f i r s t  p r i o r i t y  the author iza t ion of the BNL 

proposal for  the construction of the proton-proton co l l id ing  beam 

f a c i l i t y  ISABELLE t o  operate with a maximum energy of about 400 

GeV per be& and a peak luminosity of l ~ ~ ~ c m - ~ s e c - ~ ; "  This docu- 

ment describes the proposal t h a t  was made t o  the panel and t o  DOE. 

The proposal i s  divided i n t o  severa l  major pa r t s .  Following 

t h i s  in t roduct ion i s  an overa l l  summary of the  proposal covering 

i t s  h ighl ights .  Pa r t  I1 contains a thorough discussion of the 

physics object ives  t h a t  can be addressed by the s torage r ing.  

t begins with an explanation of some theore t i ca l  concepts and 

.uestions which a r e  of great  i n t e r e s t  t o  high energy physic is ts .  

Then follows a b r i e f  discussion of possible experiments t h a t  might 

be assembled a t  the in te rac t ion  regions to  t e s t  these concepts. 



The t h i r d  p a r t  of the proposal goes i n t o  the d e t a i l s  of the 

design of the in te r sec t ing  s torage accelera tors .  It begins with 

a desc r ip t ion  of the e n t i r e  f a c i l i t y  and the design of the magnet 

r ing  s t ruc tu re .  The processes of proton beam accumulation and 

acce le ra t ion  a r e  thoroughly described. The discussion then turns 

t o  the design of the  components and subsystems fo r  the 

accelera tor .  The accelera tor  elements a r e  described followed by 

a desc r ip t ion  of the  physical plant .  In  the l a t t e r  c a s e , . t h e  

project  has already benefi ted from the help of Ammann & Whitney, 

the archi tec t lengineer ing f i rmse lec ted  t o  design the c0n.ve.n- 

t iona l ,  r . o n s t r ~ ~ r t . j n n .  

The c o s t  est imate and time scales  a r e  displayed i n  Par t  I V .  

Here the es t imate  has been based on the experience gained from, 

working with the prototype u n i t s  a t  the laboratory.  The ava i l -  

a b i l i t y  of Construction, Planning and Design (CP&D) funds has 

allowed the  u n i t  c o s t  est imates t o  be examined by competent 

consultants and i n d u s t r i a l  firms. 

SUMMARY DESCRIPTION OF THE ISABELLE PROPOSAL 

TSMELLE Would pyovide two in te r l aced  s torage r i n g  pro ton 

accelera tors  with counter- rota t ing beams, each with an energy 

up t o  400 G ~ V  i n t e r s e c t i n g  i n  s i x  experimental areas.  A t  the 

top energy of 400 GeV i n  each c i r c u l a t i n g  beam, 800 GeV of energy 

w i l l  be ava i l ab le  from each proton-proton co l l i s ion .  The most 

s i g n i f i c a n t  aspect  of ISABELLE i s  the high "center -of -mass1' 

energy. For example, t o  provide an equal center-of-mass energy 

when a moving proton s t r i k e s  a proton dt t a x ,  the moving proton 

would need an energy of 340,000 GeV. only ex i s t ing  proton- 

proton co l l id ing  beam machine i s  aC CERN i n  Switzerland where 

30 GeV proton beams co l l ide ,  giving a center-of-mass energy of 

60 GeV. ISABELLE can operate a t  t h i s  l eve l  and extend more than 

ten times higher i n  energy than the ISR.  



The second important parameter of ISABELLE i s  the  i n t e n s i t y  

of the beams. I n  co l l id ing  beam machines, the  in te rac t ion  r a t e  

i s  the product of the  cross  sect ion and the  luminosity, R = oL. 
-2 - 1 

Luminosity, expressed i n  u n i t s  of centimeter second , i s  a 

function only of the parameters of the  machine, while the cross  

sect ion i s  r e l a ted  t o  the p a r t i c u l a r  in te rac t ion  being studied 
2 and i s  i n  u n i t s  of centimeter . ISABELLE would provide a lumi- 

33 -2 -1 
nosi ty  of up t o  10 cm sec , a f a c t o r  20 l a rge r  than the  

uminosity now avai lable  a t  the  ISR. For the  production of the  

-nusual p a r t i c l e s  t h a t  a r e  expected t o  e x i s t  a t  these  high 

energies,  t h i s  high luminosity i s  e s sen t i a l .  

ISABELLE w i l l  provide a . f l e x i b l e  f a c i l i t y  which can 

inves t iga te  a wide range of questions of current  i n t e r e s t  i n  

p a r t i c l e  physics. The large  increase i n  center-of-mass energy 

should provide use fu l  new information on s t rong in te rac t ions :  

t y p i c a l  measures of these in te rac t ions  l i k e  the  t o t a l  cross  

sec t ion  have been found t o  be increas ing wi th  energy a t  the  

ISR and FNAL. Furthermore, ISABELLE w i l l  g rea t ly  extend the  

study of the production of hadrons and leptons a t  large t r ans -  

verse  momentum. Experiment's a t  the ISR and a t  FNAL have found 

t h i s  production t o  be much more copious than was expected. While 

these r e s u l t s  a r e  not  y e t  understood, it i s  believed t h a t  they 

a rc  r e la ted  t o  the  existence of smaller  cons t i tuen t s  wi th in  the 

proton. Perhaps the  s ing le  most important a rea  of research would 

be i n  the  weak in te rac t ions  where i t  should be poss ible  t o  

observe the  production of the intermediate vector  bosons, $ and z0 
'lich have been hypothesized f o r  many years a s  the  mediator of 

ie weak in te rac t ion .  Their masses a r e  predicted t o  be about 

60-80 G ~ v I ~ ' ,  well  within the range of ISABELLE. 

The s torage r ings  would be located i n  the  Northwest corner 

of the  Brookhaven National Laboratory s i t e  (Fig. I. 2).  The 



Fig. 1.2. Brookhaven National Laboratory s i t e  map showing the. 
location of the AGS and ISABELLE. 



protons a t  30 GeV would be provided t o  the ISABELLE r ings  from 

the  ex i s t ing  Alternating Gradient Synchrotron (AGS). About 

three  hundred pulses would be stacked i n  each r ing  building up t o  

a current  of 8 ampere. Following t h a t ,  over a period of about 

four minutes, each beam of protons would be accelerated t o  what- 

ever energy the experimenters wished up t o  400 GeV. Asymmetric 

energies would be avai lable ,  f o r  example, 400 GeV i n  one beam 

and 200 GeV i n  the  o ther  beam. There w i l l  be s i x  regions i n  

h ich the  proton beams i n t e r a c t .  A t  the  i n t e r s e c t i n g  points  

=he beams would have a v e r t i c a l  height  of about % nun and would 

i n t e r a c t  over a length of about 50 cm crossing a t  an angle of 
0 

about 0.5 . Experimental apparatus w i l l  surround the  i n t e r -  

ac t ion  region and i n  tu rn  be covered by an experimental h a l l .  

Some 8 t o  12 experiments might be simultaneously s e t  up i n  the  

s i x  areas ,  

The most important new fea tu re  of ISABELLE i s  the use of 

superconducting magnets i n  the  two rings.  The sup erconducting 

exc i t a t ion  c o i l s  a r e  made from NbTi braided wires operating a t  

3.8 K. The bending magnets o r  dipoles a r e  4-314 m i n  length and 

operate a t  50 kG. Ful l -s ize  prototypes have operated a t  t h i s  

magnetic f i e l d  and with a f i e l d  qua l i ty  meeting the design goals. 

The focusing magnets or quadrupoles a r e  about 1-213 m i n  length. 

The f i r s t  quadrupole has been t e s ted  s a t i s f a c t o r i l y .  In  t o t a l ,  

near ly  1100 superconducting magnets would make up the two r ings .  

The high magnetic f i e l d  r e l a t i v e  t o  t h a t  produced by copper-iron 

magnets reduces the  circumference f o t  a given energy and thus 

he cos t .  In  t h i s  case,  the  circumference i s  3.8 km and the  

wo magnet r ings  a r e  housed i n  a s ing le  tunnel some 4.6 m i n  

diameter completely shielded with ear th .  The high magnetic 

f i e l d  a l s o  improves the opera t ing c h a r a c t e r i s t i c s  of the machine 

and more importantly, the superconducting nature  of the  magnets 

reduces the need fo r  e l e c t r i c a l  power and consequently the  



operating cos t .  For example, the  e l e c t r i c a l  energy used by 

superconducting magnets i s  about 25% t h a t  used by conventional 

magnets made of copper and iron.  

The protons c i r c u l a t e  through a vacuum tube 8.8 cm i n  

diameter wi th in  the magnets. This vacuum tube w i l l  be a t  room 

temperature and insula ted  from the  inner  w a l l  of the dewar system 

which contains. the  superconducting magnet c o i l .  The high vacuum 

technology required i s  extremely demanding as  the  beam tube must 
-11 

operate a t  about 3 x 10 Torr. 

I n  addi t ion,  the re  w i l l  be many other  accelera tor  

technologies involved i n  the construction of ISABELLE, such as  

radio-frequency accelera t ing systems, high current  power supplies,  

la rge  cryogenic and r e f r i g e r a t i o n  systems, sa fe ty  and rad ia t ion  

p ro tec t ive  c i r c u i t s ,  and overa l l  con t ro l  by means of a computer 

system using sophis t ica ted  instrumentation. 

P a r t i c l e  de tec to r s  f o r  high-energy physics experiments w i l l  

be i n s t a l l e d  a t  every i n t e r s e c t i o n  region. The apparatus w i l l  

have been constructed and t e s ted  i n  the experimental area  by the  

experimenters during times when the  s torage r ings  a r e  turned o f f .  

During operation many groups of researchers  w i l l  take da ta  

simultaneously. ISABELLE w i l l  be a na t iona l  f a c i l i t y  where 

experiments a r e  done by qua l i f i ed  researchers from throughout 

the  world. Physic is ts  from 13rookhaven w i l l  operate the  f a c i l i t y  

and do experiments, although the majori ty of experiments w i l l  be 

done by phys ic i s t s  and students from un ive rs i ty  research groups 

wi th in  the United S ta tes .  

The c o s t  i s  estimated a t  $168,350,000 wi th  an add i t iona l  sum 

of $27,830,000 f o r  contingency and $43,570,000 fo r  in f l a t ionary  

f a c t o r s  occurring during the five-year construction period. 

Al ternat ive  funding plans a r e  cur ren t ly  being considered by the 

U. S. Department of Energy. 



I I, PHYSICS AT ISABELLE 

1. INTRODUCTION 
* 

With its large increase in center-of-mass energy over cur- 

rently available values and its high luminosity, ISABELLE will per- 

mit studies of the interaction of matter at smaller distances than 

ever before. What can we expect to learn? The most exciting pros- 

pect is to discover something quite unexpected which will give us 

iome new insight into the structure of matter, while the most cer- 

iain benefit is the opportunity to extend current ideas and models 

to significantly higher energies. These contrasting possibilities 

are illustrated by the simplest measurement, the total proton- 

proton cross section, as shown in Fig. 11.1. The rise observed at 

the highest measured energies lends itself to various reasonable 

extrapolations which can only be resolved by measurements at higher 

energies, but at the same time we note that similar "reasonable" 

extrapolations at 1 GeV would have quite missed the sudden un- 

expected turnover. 

Of particular interest are those investigations which will 

serve to test and explore a general picture of particles and their 

interactions which has been gaining increasing acceptance recently 

(Glashow 1975, Nambu 1976). This picture was itself stimulated by 

"unexpected" experimental discoveries of the past few years at 

presently available machines, particularly following the discovery 

of the J/Y particle at the Brookhaven AGS and SLAC. According to 

this picture, the proton and other hadrons are made up of point- 

-ike spin one-half constituents whose weak and electromagnetic 

~teractions resemble those of the leptons. Their strong inter- 

actions are such that only aggregates of such constituents can 

exist as stable or metastable systems, and thus the observable 

hadrons are extended structures. To date, the pointlike nature of 

po or future reference the square of the total center-of-mass energy 
is denoted by "s," components of vectors along the beam direction 
by the subscript "II," and transverse components by the subscript 
lll. 



Fig. 11.1. Total  proton-proton c ross  sec t ion  a s  a  funct ion of 
inc iden t  pro ton momentum. ' 
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t he  c o n s t i t u e n t s  has been suggested by the  r e s u l t s  of d e e p , i n -  

e l a s t i c  le<ton  s c a t t e r i n g .  These c o n s t i t u e n t s  a r e  gene ra l ly  

r e f e r r e d  t o  a s  "quarks" o r  "partons ," although these  terms i n i t i a l l y  

were introduced t o  cover p a r t i c u l a r  s p e c i f i c . m o d e 1 ~ .  

This genera l  p i c t u r e  of t he  proton a s  an  extended composite 

of po in t - l i ke  c o n s t i t u e n t s  leads  us t o  seek t h r e e  k inds  of  exper i -  

mental information.  F i r s t  of a l l  we can make use of the  proton a s  

a source of  quarks and s t u d y . t h e  p rope r t i e s  of c o l l i d i n g  quarks 

r a n n i h i l a t i n g  quark-antiquark p a i r s ,  leading to  the  p roduc t ion . .  

of t he  W-mesons and charmed p a r t i c l e s .  

Secondly, we can study the  r e s u l t s  of quark-antiquark ann ih i l a -  

t i o n  i n t o  a  heavy photon, decaying i n t o  lep ton  p a i r s .  The ann ih i l a -  

t i o n  anddecay i s  a w e l l ~ u n d e r s t o o d  quantum electrodynamic process.  

These observat ions can then be used t o  draw conclusions about t he  

d i s t r i b u t i o n  of quarks i n  t he  proton. 

Thi rd ly ,  t h e r e  a r e  experiments dea l ing  wi th  processes i n  which 

the  quarks i n  a  s i n g l e  hadron a c t  c o l l e c t i v e l y ,  but  i n  which the  

t r a n s f e r  of  momentum may change the  con£ igu ra  t i o n  of the  quarks 

wi th in  the  hadrons. This accounts f o r  the  bulk  of  the  hadronic 

t o t a l  c ros s  s ec t ion .  The main i n t e r e s t  of  ISABELLE here  i s  t he  

oppor tuni ty  t o  extend present  dynamical ideas  t o  a  g r e a t l y  increased  

energy range. 

The study of massive l ep ton  p a i r  production i s  c r u c i a l  t o  

developing confidence i n  t h i s  whole p i c t u r e  a s  described.  While 

such study i s  not  l i k e l y  t o  demonstrate r i go rous ly  the  presence 

E po in t - l i ke  c o n s t i t u e n t s ,  t h i s  process can provide s t rong  sup- 

~ r t i n g  evidence. The key t o  t h i s  i s  the  observa t ion  of "scaling". 

Sca l ing  i s  the  a s s e r t i o n  t h a t ,  f o r  s u f f i c i e n t l y  h igh  ene rg ie s ,  t he  

c ros s  s e c t i o n  f o r  production of such a v i r t u a l  heavy photon should 

depend only on the  r a t i o  of i t s  mass t o  the  t o t a l  c o l l i s i o n  energy. 

Th i s ' fo l lows  from the  quark model, (providing t r ansve r se  motion 

i s  neglec ted  o r  assumed l i m i t e d ) ,  but i t  w i l l  a l s o  be t r u e  of any 

process i n  which t h e  photon i s  formed from two ob jec t s  whose four-  



momenta a r e  l imi ted .  Present  d a t a  (Lederman 1977) show no gross  

depar tures  from s c a l i n g  through ISR energies .  

The t e s t  of the  model l i e s  i n  combining s c a l i n g  wi th  the  

requirement t h a t  t he  long i tud ina l  motion of the  l ep ton  p a i r s  

should be c o n s i s t e n t  wi th  t h a t  predic ted  by the model, using 

quark d i s t r i b u t i o n s  measured i n  deep i n e l a s t i c  e l ec t ron  s c a t t e r i n g .  

It i s  a  consistency t e s t  and al though i t  appears t o  be s a t i s f i e d  

a t  p re sen t ly  a v a i l a b l e  energ ies  ( s ee  Fig. 11 .2  and the  d i scuss ion  

below) i t  w i l l  r e q u i r e  t he  extens ion  t o  ISABELLE t o  provide a  s i g -  

n i f i c a n t  t e s t  of  t he  agrecmcnt. 

The quark p i c t u r e  allows reasonably q u a n t i t a t i v e  es t imates  of 

the  production of  t he  in termedia te  vec tor  bosons respons ib le  f o r  

the  weak i n t e r a c t i o n s .  The search  f o r  these  W p a r t i c l e s  has a l -  

ways been h igh  on t h e  l i s t  of ob jec t ives  f o r  ISABELLE (ISA 1972-76). 

Almost any un i f i ed  model of  weak and e l ec t roaagne t i c  i n t e r a c t i o n s  

leads  t o  t he  p red ic t ion  of masses fo r  these  a b j e c t s  of 50-100 ~ e ~ / c ~ ;  
.. 

wel l  w i th in  the  range of observa t ion  of ISABELLE. With these  nore 

q u a n t i t a t i v e  models, ho- ever, we a r e  now i n  a  pos i t i on  where even 

a  n u l l  r e s a l t  would be informative.  

In  a>rldition to  providing reassurance t h a t  the  estim.stes of 

F: production a r e  p l a u s i b l e ,  the  s tudy of quark interactions them- 

se lves  i s  of  cons iderable  i n t e r e s t .  The production c ros s  s ec t ions  

f o r  processes o the r  than weak and electromagnetic  a n n i h i l a t i o n  

a r e  mil-h l e s s  c e r t a i n ,  but t he  p ~ t e n t i a l  i n s i g h t s  i n t o  the  na tu re  

and i n t e r a c t i m  of hadronic c o n s t i t u e n t s  a r e  4ilch g r e a t e r .  

So f a r ,  we have d iscussed  the  expezta t ioxs  f o r  what we might 

l e a r n  a t  ISABELLE. How well can these  c r u c i a l  phenonena be 

m.a.;ured i f  they do take  place? Since the  incep t ion  of t h e  ISA- 

BELLE proposal, ex tens ive  s t u d i e s  have been made t o  d i scuss  hypo- 

t h e t i c a l  experiments. With reasonably conserva t ive  ex t r apo la t ion  

of e x i s t i n g  techniques, t he  experimental  out look i s  encouraging. 
' 

In  the  remainder of  t h i s  s e c t i o n  we d i scuss  these poin ts  i n  some- 



Fig.  11.2.  
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Evidence f o r  s c a l i n g  i n  l ep ton  p a i r  product ion.  The "experimental" 
p o i n t s  shown have been obta ined from a c t u a l  d a t a  by us ing a  quark- 
pa r ton  model t o  e x t r a p o l a t e  i n t o  unobserved reg ions  o f  l o n g i t u d i n a l  
momentum. The model, i nc lud ing  c o l o r  S U ( 3 ) ,  i s  t h a t  desc r ibed  i n  
t h e  t e x t .  The s o l i d  cu rve  i s  t h e  a b s o l u t e  p r e d i c t i o n  o f  t h e  model. 



what more detai1,including a description of equipment that could 

be used to investigate some of the questions of greatest  interest .  



2 .  PHYSICS O B J E C T I V E S  

Production of W Mesons 

The most direct way to test the underlying theory of weak 

interactions is to search for the W-mesons, the weak vector bosons 

whose coupling to fermions is assumed to be responsible for the 

weak force (Gell-Mann 1959). Their masses must be large, as is 

clear from the fact that low energy weak interactions can be suc- 

!ssfully described in terms of a local four-fermion interaction. 

Ley must exist in both charged and neutral types: that is clear 

from the observation of neutral weak currents (Williams 1976). 

Even if we had no idea of what mass range to expect, the 

opening up of a new kinematic range at ISABELLE,with an increase 

in s of more than two orders of magnitude, would make the search 

for the W an important objective. In fact, however, current 

theoretical ideas point very strongly to the W mass being in a 

range particularly suitable to ISABELLE experiments. 

The most important ingredient of these ideas is that the weak 

and electromagnetic interactions are closely related and that the 

W mesons are massive analogs of the photon, carrying the same 

intrinsic coupling strength. This immediately leads to the mass 

estimate 

where e is the electric charge and G the Fermi constant. F 

More specific theories allow detailed predictions (Abers 1973). 

; an example, the Weinberg-Salam model [the prototype of a class 

i nonabelian gauge models of unified weak and electromagnetic 

interactions (Weinberg 1967, Salam 1967) 1 predicts the masses in 
terms of e, GF, and one other parameter (specifying the weak iso- 

W 
scalar/isovector mixing of the neutral current). With an estimate 

of eW from observations of neutrino reactions, the model gives 
2 

mW+ 
60 GeV/c , 40 r; 77 ~e~lc'. 



More general  models of t h i s  c l a s s  (Barnet t  1976) i n  general  pre-  

d i c t  the ex i s t ence  of l a r g e r  numbers of W mesons. I n  almost a l l  

cases  some w i l l  have masses l e s s  than o r  equal  t o  those  predic ted  

by the  Weinberg-Salam model. It i s  the re fo re  ev ident  t h a t  even 

the  absence. of a  W meson i n  t h i s  mass range would be of cons iderable  

t h e o r e t i c a l  importance, while  i t s  discovery would obviously be a  

triumph f o r  both theory and experiment. 

To draw conclusions from any experiment i t  i s  necessary t o  

have some es t ima te  of  t he  c ros s  s ec t ions  f o r  producing W mesons 

of t h i s  mass range a t  ISABELLE energies .  To make such p red ic t ions ,  

one can make use of t he  hypothesis  of  CVC [conserved vec tor  c u r r e n t  

(Feynman 1958) 3 which i s  more genera l  than the  s p e c i f i c  un i f i ed  

weak and e lec t romagnet ic  models. According t o  CVC the  t o t a l  c ros s  

s e c t i o n  f o r  production of a  W meson of mass % i s  r e l a t e d  t o  t he  

c ros s  s e c t i o n  f o r  production o f  a  lep ton  p a i r  of  t h e  same mass: 

where d ~ / d ~  i s  the  c ros s  s e c t i o n  f o r  t he  process 

and M i s  t h e  mass o f  the  d i l e p t o n  p a i r .  (Yamaguchi 1966, Palmer 

1976). 

3 
I f  t h e  lep ton  c ros s  s e c t i o n  s c a l e s  ( i . e . ,  i f  M d a / d ~  depends 

2 
only on S / M  ) , then e x i s t i n g  d a t a  a t  low s and low M2 can be used 

t o  p red ic t  o f o r  l a r g e  
W %. There i s  not  enough d a t a  over a  wide 

enough range of angles  and energies  t o  verif::  s c a l i n g  d i r e c t l y .  

However, i t  is  poss ib l e  t o  f i n d  a model which s c a l e s  and 

which when parametized i n  one region  ex t r apo la t e s  c o r r e c t l y  t o  

another .  This model i s  t h e  quark-parton model, o r  Drell-Yan 

model (Dre l l  1970, Berman 1971), i n  which the  l ep ton  p a i r  o r  W meson 

i s  assumed t o  be c rea t ed  i n  a  c o l l i s i o n  of elementary po in t - l i ke  

c o n s t i t u e n t s  of  t he  protons.  The d i s t r i b u t i o n s  o f  these quark 



c o n s t i t u e n t s  i n  t he  proton a r e  requi red  t o  be cons i s t en t  wi th  the  

observed deep i n e l a s t i c  e l e c t r o n  s c a t t e r i n g  da t a .  

However, these  da t a  a r e  not  s e n s i t i v e  t o  t he  so-ca l led  "sea" 

quark d i s t r i b u t i o n s  fo r  small  values of  x ( t h e  f r a c t i o n  of t he  

proton momentum c a r r i e d  by the  quark) and hence the  d i l e p t o n  da ta  
2 

f o r  l a r g e  S / M  must be considered a s  determining the  s t r u c t u r e  

funct ions  i n  t h i s  reg ion ,  r a t h e r  than checking the  model. 

Fig.  11.2 shows the experimental d a t a  compared wi th  the  pre-  

i c t i ons  of t he  model fo r  sea  quark d i s t r i b u t i o n s  assumed t o  

behave l i k e  ( 1  - x ) ~  ( P e i e r l s  1977). It i s  ev ident  t h a t  s c a l i n g  

i s  a t  l e a s t  c o n s i s t e n t ;  more r ecen t  d a t a  suggest  t h a t  ( 1  - x) 
9 

2 
might g ive  somewhat b e t t e r  agreement fo r  l a r g e  s/M . The extens ion  

of  these  measurements t o  ISABELLE energies  i s  of profound import- 

ance i n  ve r i fy ing  t h i s  whole p i c t u r e  of proton s t r u c t u r e  and d e t e r -  

mination of  t he  s t r u c t u r e  funct ions .  

Given t h i s  model fo r  t he  s t r u c t u r e  funct ions ,  the  c ros s  sec-  

t i o n  fo r  W production can be e x p l i c i t l y  ca l cu la t ed ,  t he  r e s u l t  

being shown i n  Fig. 11.3.  The most important s igna tu re  f o r  a  

charged W w i l l  be a  l ep ton  of high t r ansve r se  momentum, up t o  one 

ha l f  t h e  mass of the  W. The branching r a t i o  w i l l  be model dependent, 

and the re fo re  a l s o  the  width, s i n c e  the  coupling t o  leptons i s  

completely f ixed  i n  the  model. The p r i n c i p a l  backgrounds a r e  l i k e l y  

to  come from e lec t romagnet ica l ly  produced l ep ton  p a i r s  and from t h e  

decay of  hadrons produced wi th  l a rge  t r ansve r se  momenta, t he  empir- 
-4 

i c a l  r a t i o  of  lep tons  t o  hadrons i n  t he  l a t t e r  ca se  being 10 . I n  

ai.g. I I . 4 a  both backgrounds a r e  shown. I t  i s  ev ident  t h a t  t he  

.ngle lep ton  spectrum can be expected t o  show a broad peak f a l l i n g  

o f f  sharp ly  above p~ = mW and slowly below,with t h e  t r u e  back- 

grounds being r e l a t i v e l y  small .  

0 
The c ros s  s e c t i o n  f o r  n e u t r a l  W production i s  a l s o  given 

2 
i n  Fig.  11.3.  Although p l o t t e d  a s  a  funct ion  of S / M  , i t  does not  

s t r i c t l y  s c a l e  s i n c e  i n  t h e  Weinberg-Salam model t he  coupling 

s t r e n g t h  and mass a r e  r e l a t e d .  However, the  v a r i a t i o n  from 



Fig .  11.3. Quark-parton model p r e c i c t i o n  f o r  W meson t o t a l  product ion 
c r o s s  sec t ion .  The model i s  t h a t  discussed i n  t h e  t e x t  and 
respons ib le  f o r  the  f i t  i n  Fig.  11.2. Cross s e c t i o n s  f o r  
&, W- and Wo a r e  shown. The WO curve does n o t  s t r i c t l y  
sca le :  a mass of  77 and @q of  3g0 have been assumed. 
The arrow i n d i c a t e s  t h e  p o i n t  corresponding t o  MW = 70 
and ISABELLE energy. 



s c a l i n g  only involves a  f a c t o r  of order  un i ty .  Fig. II.4b shows tke  

s i n g l e  lep ton  spectrum inc luding  the  i n t e r f e r e n c e  wi th  t h e  d i r e c t  

electromagnetic  background f o r  masses equal t o  and much l a r g e r  

than those given by the  model. Fig. 11.5 shows the  p red ic t ions  f o r  

t he  charge r a t i o  a t  90' from t h i s  process.  I n  t h e  absence of any 

weak component the  r a t i o  would be 1; s o  t h i s  r a t i o ,  which i s  e a s i e r  

t o  measure than the  abso lu t e  c r o s s  s e c t i o n ,  may w e l l  be a  s i g n a t u r e  

of  the  WO con t r ibu t ion  even i f  the  WO should be too massive t o  

Sserve  d i r e c t l y .  

~ s s i v e  P a r t i c l e  Production 

The high energy a v a i l a b l e  a t  ISABELLE i s  advantageous i n  

searching f o r  high-mass p a r t i c l e s  s i n c e  genera l ly  i n  hadronic 

i n t e r a c t i o n s  the  energy must be much l a r g e r  than the  threshold  f o r  

the  production t o  be s i g n i f i c a n t .  This has a l ready been d iscussed  

i n  connection wi th  the  W mesons. It can a l s o  be seen  from the  

da ta  on J / q  production: t h e  c ros s  s e c t i o n  r i s e s  very r a p i d l y  

up t o  s / m 2  a 50 and continues t o  i nc rease  up t o  the  h ighes t  a v a i l -  

a b l e  energy (Cobb 1977). A t  ISABELLE l a r g e  values of s / m 2  can be 

achieved f o r  very l a r g e  masses. 

Massive, narrow vector  mesons l i k e  the  J /$  a r e  of p a r t i c u l a r  

i n t e r e s t  because fo r  each new quark q t h e r e  should be one o r  more 

such mesons made f roma  qq p a i r .  Furthermore, they a r e  r e l a t i v e l y  

easy t o  d e t e c t  because they decay i n t o  l ep ton  p a i r s  wi th  s u b s t a n t i a l  

branching r a t i o s .  Thus t h e  J /$ and the  4' provided the  f i r s t  e v i -  

dence f o r  t he  existence of the  charmed quark ( ~ u b e r t  1974, Augustin 

1974) . Another p a i r  of resonances, t he  Y and l! , have r e c e n t l y  

L?en discovered (Herb 1977) and a r e  gene ra l ly  bel ieved t o  be bound 

~ i r s  of  a  f i f t h  type of quark having a mass of about 5 GeV. 

Many models of  weak i n t e r a c t i o n s  suggest  t h a t  t h e r e  should be 

a t  l e a s t  one more quark t o  form a doublet  wi th  the  5 GeV one, and 

more may e x i s t .  The number of quarks and t h e i r  masses can be in -  

ves t iga t ed  a t  ISABELLE by looking fo r  t h e  vec tor  mesons formed 

from them. It i s  bel ieved t h a t  the  proton conta ins  very few heavy 



Fig. I I .4a .  S ing le  l ep ton  d i s t r i b u t i o n  a t  90' frbm W+ product ion 
i n  the .  quark-parton model f o r  var ious  choices  of  W+ 
mass a s  a func t ion  of  t r ansverse  momentum. The 
expected baclcgrounds a r e  a l s o  shown from electromagnet ic  
charged lepcop p a i r  product ion and from a vec to r  gluon 
model of hadron product ion with  lepton t o  hadron r a t i o  

(See Fig. 11.10). 



Fig. II .4b.  Single charged lepton distribution a t  90' from WO 
decay according to the quark-parton model for various. 
combinations of WO mass and Weinberg angle w. The 
curves a l l  include background from and interference 
with direct  electromagnetic lepton pair production. . 



Fig. 11.5 .  Charge rat'io of  pos i t ive  to negative leptons from WO 

decay a t  900 a s  a function of  transverse momentum, 
according to the quark-parton model. The parameters 
are the same a s  for the source curves i n  Fig. II.4h 
and Lllustrate the charge rat io  as  an independent 
s ignal  of  Wo production. 



quarks so  t h a t  t h e  c ros s  s ec t ions  f o r  producing them i n  p a i r s  can 

be r e l a t e d  by s c a l i n g  arguments. Then f o r  a  vec tor  meson of mass m 

where rn, the  width i n t o  normal hadrons not  conta in ing  the  new 

quark, provides a  measure of  t he  coupling t o  protons,  and where F 

i s  a  un ive r sa l  funct ion  (Gaisser  1977). Hence the  c ros s  s e c t i o n  

'or observing the  meson i n  pp -' &+&' X i s  

where ru i s  the  l ep ton ic  width and B 
= 5/ r to t .  n 

The funct ion  F can be determined from the  energy dependence . 
of the  J / Y  c ros s  s e c t i o n  and i s  shown i n  Fig. 11.6. The observed 

c ros s  s e c t i o n  fo r  the  Y then agrees  wi th  Eq. (2 )  i f  ru"  0.4 KeV, 

i n  reasonable argument wi th  the  p red ic t ion  f o r  a  charge -113 quark 

(Eichten 1977). The v a r i a t i o n  of ru wi th  the  mass depends on 

d e t a i l s  of t he  dynamics. Assuming t h a t  a  hypothe t ica l  new meson 

has the  same rU a s  the  J / Y ,  one can use Eq. (2) t o  e s t ima te  i t s  

production c ros s  s e c t i o n  a t  Js = 800 GeV a s  a  funct ion  o f  i t s  mass. 

The envelope of t h e  resonance peaks f o r  Amlm = 10% is shown i n  

Fig. 11.7. For a  50 GeV meson 

Irresponding t o  a  r a t e  of about 30/hour for  l y l  5 1. Thus masses 

t o  a t  l e a s t  50 GeV should be observable. 

I f  a d d i t i o n a l  quarks e x i s t ,  then the re  should be m u l t i p l e t s  

of  hadrons made from them and s t a b l e  aga ins t  a l l  except weak decays. 

The c ros s  s ec t ions  fo r  the  production of such hadrons should i n -  
I 

crease  r a p i d l y  wi th  energy, and they may be q u i t e  l a r g e  (Gaisser  

1975). However, such hadrons would be expected t o  have s h o r t  



Fig. 11.6. The scaling function F(s/M2) defined in Eq.  (1) .  
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Fig. 1 1 . 7 .  The predicted envelope of resonance peaks i n  
pp !J+!J-x for Js = 800 GeV and LM/M = 10%. m e  
Drell-Yan background i s  calculated from the same 
model a s  Fig. 1 1 . 2 .  The hypothetical 50 GeV 
resonance shown would be observable a t  ISABELLE. 



l i f e t i m e s  and t o  decay i n t o  many p a r t i c l e s ,  s o  they w i l l  be hard 

t o  d e t e c t  un le s s  t h e i r  decays provide some s p e c i a l  s ignatures .  

Another important massive p a r t i c l e  i s  the  Higgs boson (Weinberg 

1976, Abers 1973) which i s  one of t he  ing red ien t s  i n  t he  u n i f i e d  

gauge theo r i e s  of  weak and electromagnetic  i n t e r a c t i o n s .  I t s  

expected p rope r t i e s  a r e  no t  nea r ly  a s  we l l  defined a s  those of t he  

W mesons: t h e r e  may be s e v e r a l  d i f f e r e n t  ones o r  poss ib ly  none may 

e x i s t  a t  a l l .  I f  they do e x i s t ,  t h e i r  masses must be g rea t e r  than 
2 

4.9 G ~ V / C  (Linde 1976, Weinberg 1976) and they a r e  expected t o  cot 

more s t rong ly  t o  massive p a r t i c l e s  than l i g h t  ones, making pp 

c o l l i s i o n s  a  favorable  place t o  look. S tudies  of t h e i r  expected 

p rope r t i e s  ( E l l i s  1976) suggest  that they do not  have any striking 

s ignature .  The mechanism f o r  producing them i s  e i t h e r  v i a  quark- 

quark ann ih i l a t ion ,  l i k e  t h e  W mesons, o r  by bremsstrahlung from 

W production. 

Production of  Hadrons a t  Large Transverse Momentum 

A c h a r a c t e r i s t i c  s igna tu re  of t he  presence of po in t - l i ke  con- 

s t i t u e n t s  i n  t he  proton i s  the  production o f  hadrons wi th  l a rge  

t r ansve r se  momenta, r e f l e c t i n g  the  importance of small  impact 

parameters i n  the  elementary c o l l i s i o n s  of the cons t i t uen t s .  More 

gene ra l ly ,  one would th ink  t h a t  l a r g e  processes a r e  c l o s e l y  

r e l a t e d  to  t h e  shor t -d is tance  s t r u c t u r e  of t he  proton. The f i r s t  

observa t ion  t h z t  hadron production c ros s  s ec t ions  decrease only 

l i k e  a  power of p~ r a t h e r  than exponen t i a l ly  was made a t  t he  ISR 

s e v e r a l  years  ago ( ~ u s s e r  1973). Since then l a rge  p ~ .  phenomena 

have been s tud ied  ex tens ive ly  (P r i sch  1976, Fox 1976). 

Since the  c ros s  s e c t i o n  does decrease  r ap id ly  wi th  p l y  even i: 

much l e s s  r a p i d l y  than  an e x t r a p o l a t i o n  from small  p~ would suggest ,  

t he  e x i s t i n g  data a r e  l imi t ed  t o  p ~ .  < 9 GeV/c. However, t he  ' l a r g e  

PL c ros s  s e c t i o n  i s  observed t o  r i s e  r a p i d l y  with Js. Thus, ISABELLE 

wi th  i t s  high energy and good luminosi ty should s u b s t a n t i a l l y  extend 

the  a c c e s s i b l e  range of p l .  



This r'ange can be estimated by considering the general class 

of hard scattering models. In these models the proton is assumed 

to contain constituents which initially have limited transverse 

momenta but which can scatter through large angles because they 

are pointlike. The scattered constituents then fragment into 

hadrons. Such models typically lead to a one-particle inclusive 

cross section at large p~ of the scaling form 

where 0 is the center-of-mass angle and 

(Sivers 1976). The available data are generally consistent with 

this form with n "  12 for protons and n "  8 for other particles 

produced (Frisch 1976, ChFcago 1977). 

Various theoretical models within the hard scattering frame- 

work make different predictions for n and for the form of f ( a ,  @) 

in Eq. (3). Perhaps the most natural model is based on the scatter- 

ing of quarks by gluon exchange and gives n = , 4  (Berman 1971). 

Other models involving different constituents or scattering mechan- 

isms give values of n ranging from 8 to 12 (Gunion 1972, Field 

1976). 

An unprejudiced estimate of the values of p~ attainable at 
0 ISABELLE, can be obtained by using Eq. (3) and the pp + IT x cross 

section from the ISR (~Lsser 1973) to calculate cross sections as 

function of n. For Js = 800, the minimum a, observed at the ISR 

~ u l d  alr.eady correspond to p~ = 32 and a negligible cross section 

except for small n. To be conservative Fig. 11.8 gives the pre- 

diction for Js = 400. It is certain that the ISABELLE cross sections 

would be higher, but the details will depend on as yet unobserved 

values of xL. From the ISR experience and the high ISABELLE lumin- 

osity it is quite reasonable to expect to measure invariant cross 



Fig. 11.8. Effect  of d i f ferent  scal ing laws for hadron production 
a t  large p l ,  for Js  = 400 GeV as a function of  the 
scal ing exponent n. The curves are adjusted to agree 
with the observation a t  ISR energies. 



2 -2 -1 
s e c t i o n s  of cm GeV sr . Thus one could reach p, of 25 GeV/c 

i f  n  = 8 continues t o  hold,and pl of more than 40 GeV/c i f  n  = 4 

proves t o  be c o r r e c t  a t  l a r g e r  p l .  . 

Besides extending the range of  pl,ISABELLE w i l l  be a b l e  t o  

explore  the  region  of small  x~  but l a r g e  p l .  The CCR co l l abora t ions  

have f i t  t h e i r  d a t a  with the  form 

do 1.54 x - E - -  2  -2 -1 
8.24 exp ( -  26.1 pLIJs) cm GeV sr . 

d3P (PA> 

This'  f i t  i s  shown i n  Fig. 11.9 f o r  Js = 800 GeV. The small  x~  p a r t  

of t h i s  curve i s  not  based e i t h e r  on theory o r  on experiment. It 

w i l l  be i n t e r e s t i n g  t o  explore  the  c ros s  s e c t i o n  i n  t h i s  reg ion ,  

which corresponds t o  the  small  x  p a r t  of t he  quark d i s t r i b u t i o n  

where the  sea  quarks a r e  important.  I f  the  CCR f i t  continues t o  

hold a s  x~ 0, then a t  p l  = 20 GeV/c, fo r  example, the  c ros s  

s ec t ion  a t  i n f i n i t e  energy i s  only a  f a c t o r  of 3 . 7  grea t e r  than 

a t  ISABELLE. 

A t  the  same time a s  i t  extends the  region  t o  much smal ler  

values than p re sen t ly  a t t a i n a b l e  for  high pr processes,  ISABELLE 

can u t i l i z e  i t s  high luminosi ty over i t s  e n t i r e  energy range from 

i s  = 60 to  J s  = 800 t o  over lap  not  only  the  ISR range i n  x ~ ,  but  

a  good po r t ion  of  the  FNAL range a s  wel l .  This i s  a  very important 

f e a t u r e  s ince  i t  w i l l  permit a  smooth con t inua t ion  of t he  present  

da t a  t o  the  h ighes t  a v a i l a b l e  energy. Not only i s  the  over lap  

va luable  f o r  normalizat ion purposes, but t he  continuous energy 

range a t  h igh  luminosi ty i s  e s s e n t i a l  f o r  s ee ing  thresholds  f o r  

lew processes which a f f e c t  t he  p l  d i s t r i b u t i o n ,  such a s  the  pro- 

l u c t i o n  of new massive p a r t i c l e s .  

0 
I n , a d d i t i o n  t o  the  s i n g l e  p a r t i c l e  d i s t r i b u t i o n  a t  90 , t h e r e  

a r e  a  g r e a t  many o the r  important high p l  s t u d i e s  t h a t  can be done 

a t  ISABELLE. For example, t he  type of  p a r t i c l e s  produced can be 

i d e n t i f i e d  fo r  pr 4 20 G ~ V / C ,  m u l t i p l i c i t i e s  of p a r t i c l e s  produced 



Fig. 11.9. Extrapolation o f  observation o f  large pl production 
from ISR energies to ISABELLE energies using the CCR 
f i t  proportional to  (pl) -8.24exp (-26.1 pl/Js). 



i n  conjunction wi th  a  high p l  p a r t i c l e  can be measured, and co r re -  

l a t i o n s  i n  momentum and angle  between high p l  p a r t i c l e s  can be 

s tudied .  These a r e  a l l  s t r a igh t fo rward  extensions of lower energy 

experiments a l r eady  done a t  t he  ISR. An important ques t ion  w i l l  be 

the  s tudy of t he  dependence on the  production angle wi th  which 

the  high p l  p a r t i c l e  emerges wi th  r e spec t  t o  t he  beam d i r e c t i o n .  

This should be a s e n s i t i v e  t e s t  fo r  the  production mechanism and 

s t r u c t u r e  funct ions  of  the  proton. 

Confidence i n  t he  v a l i d i t y  of c o n s t i t u e n t  models has been 

g r e a t l y  increased  by the  observa t ion  of j e t s  i n  l a r g e  p l  events  

( B r i t i s h  1977, CERN 1977). It i s  bel ieved t h a t  i f  the  c o n s t i t u e n t s  

a r e  quarks, they w i l l  be prevented from escaping by a fo rce  which 

behaves roughly l i k e  an e l a s t i c  s t r i n g .  When the  quarks a r e  s u f f i -  

c i e n t l y  separa ted  i t  becomes e n e r g e t i c a l l y  favorable  t o  break t h e  

s t r i n g  by producing hadrons, which should have small  momenta t r a n s -  

verse  t o  the  quark d i r e c t i o n .  Thus each quark fragments i n t o  a  

j e t  of  hadrons wi th  l imi t ed  t r ansve r se  momenta r e l a t i v e  t o  t he  j e t  

ax i s  (Bjorken 1973). The unsca t te red  c o n s t i t u e n t s  s i m i l a r l y  pro- 

duce hadrons wi th  ord inary  small t r ansve r se  momenta. 

The general  f ea tu re s  predic ted  by t h i s  p i c t u r e  have been con- 

firmed by s t u d i e s  of c o r r e l a t i o n s  among p a r t i c l e s  with l a r g e  t r a n s -  

verse  momenta ( R r i t i s h  1977, CERN 1977). - Given a high p l  t r i g g e r ,  

t he re  i s  a p o s i t i v e  c o r r e l a t i o n  f o r  f inding  another  high p l  p a r t i c l e  

on the  same s i d e  wi th  a  small  momentum perpendicular  t o  the  t r i g g e r  

d i r ec t ion .  This i nd ica t e s  a  j e t  on the  t r i g g e r  s ide .  On the  oppo- 

i t e  s i d e  the  h igh  p l  p a r t i c l e s  a r e  widely d i s t r i b u t e d  i n  angle.  

Iwever, i t  i s  poss ib le  t o  de f ine  a  j e t  a x i s  .for each event such 

t h a t  t he  high p l  p a r t i c l e s  have small  momenta perpendicular  t o  t h i s  

ax i s ;  Furthermore, t h i s  a x i s  i s  approximately coplanar  wi th  the  

t r i g g e r  p a r t i c l e  and the  incoming protons. These r e s u l t s  lead  one 

t o  be l ieve  t h a t  high p l  phenomena a r e  r e l a t e d  t o  t he  hard s c a t t e r i n g  

of elementary c o n s t i t u e n t s  of  t he  proton. 



Most o f  the  a v a i l a b l e  d a t a  a r e  a t  t r i g g e r  momenta of  2-4.5 GeV/c. 

ISABELLE should g r e a t l y  extend the  range of p~ over which such co r re -  

l a t i o n s  can be s tudied .  A t  h igher  p~ the  sepa ra t ion  of the  p a r t i c l e s  

i n  t h e  j e t s  from those coming from the  spec ta to r  cons t i t uen t s  should 

be much c leaner .  Furthermore, the  v a l i d i t y  of  t he  s c a l i n g  assump- 

t i o n s  of t h e  c o n s t i t u e n t  models could be t e s t e d  over a  much wider 

kinematic range. This should help t o  c l a r i f y  the  na tu re  of  t he  

c o n s t i t u e n t s  of t he  proton. 

Since i t  i s  un l ike ly  t h a t  a  s i n g l e  p a r t i c l e  c a r r i e s  a l l  o r  

almost a l l  of  t he  momentum of a  j e t ,  t he  c ros s  sec t inn  for the 

production o f  a j e t  with  a  given p~ should be much l a r g e r  than 

t h a t  f o r  a  s i n g l e  p a r t i c l e  wi th  the  same p l .  There i s  prel iminary 

d a t a  from Fermilab Experiment E260 i n d i c a t i n g  t h a t  t he  j e t  c r o s s  

s e c t i o n  i s  l a r g e r  by roughly t h e  expected amount (Fox 1976). O f  

course,  t h i s  means t h a t  one can reach l a r g e r  values of p l  by t r i g -  

ger ing  on a  j e t  r a t h e r  than a  s i n g l e  p a r t i c l e .  

I n  c o n s t i t u e n t  models the  j e t  c ros s  s e c t i o n  i s  ca l cu la t ed  by 

f o l d i n g t h e  c o n s t i t u e n t  c ros s  s e c t i o n  with the  c o n s t i t u e n t  d i s t r i b u -  

t i o n  funct ions  f o r  t he  incoming hadrons. Fig. 11.10 shows the  j e t  
0 

c ros s  s e c t i o n  a t  90 a s  a  funct ion  o f  pL f o r  s e v e r a l  models i n  

which the  bas i c  c o n s t i t u e n t  i n t e r a c t i o n  i s  quark-quark s c a t t e r i n g  

( p e i e r l s  1976). A l l  of these  models have the  same quark d i s t r i b u -  

t i o n  a s  was used t o  e s t ima te  W production above. I n  the  f i r s t  

model the quarks i n t e r a c t  by t h e  exchange of massless vec tor  mesons, 

o r  gluons. Since co lo r  i s  not  e s s e n t i a l  here ,  i t  is  assumed t h a t  

t h e r e  i s  only  one gluon, whose coupling CY i s  independent of 
e f f  

f l avo r .  This  model can a l s o  be used t o  c a l c u l a t e  t he  one-pion 
-4 i n v a r i a n t  c ros s  s ec t ion ,  which behaves like p~ ~ ( x L ) .  While t h i s  

does not  f i t  t he  e x i s t i n g  d a t a ,  one can normalize t o  t he  d a t a  a t  

Js = 53 GeV and high p l  t o  o b t a i n  

cr = 0 . 0 6  ; 
e f  f  

t h i s  value i s  used i n  Fig. 11.10 and subsequent f i gu res .  



Fig. 11.10. Quark-parton model p r e d i c t i o n  of s i n g l e  hadronic j e t  
product ion a t  90° f o r  va r ious  p o s s i b l e  mechanisms. 
These inc lude  (a )  vec to r  gluon model normalized t o  t h e  
ISR d a t a ;  (b) quark-quark s c a t t e r i n g  model of  F ie ld  
and Feyman; ( c )  e lectromagnet ic  product ion;  (d) produc- 
t i o n  by a l o c a l  weak Fermi coupl ing,  nonstrange charged 
c u r r e n t s  only..  



I 

The second model shown i n  Fig. 11.10 i s  a  phenomenological 

one i n  which the  quark-quark c ros s  s e c t i o n  i s  a d j u s t e d . t o  f i t  
- 8 

t he  observed p l  f(x1) behavior o f  the  one-pion c ros s  s ec t ion  

(F ie ld  1976). The o the r  two curves i n  Fig. 11.10 a r e  obtained ' 

from quark-quark s c a t t e r i n g  by electromagnetic  and weak in t e rac t ions .  

Figure 11.11 i l l u s t r a t e s  the  energy dependence of j e t  produc- 

t i o n  i n  t he  vec tor  gluon model ( P e i e r l s  1977). Evidently energ ies  

i n  t h e  ISABELLE range a r e  both necessary and s u f f i c i e n t  t o  explore  

the  i n t e r a c t i n g  region  of pl " 50 G ~ V / C  i n  which d i sc r imina t ion  

between d i f f e ren t 'mode l s  seems assured.  

It i s  a l s o  poss ib l e  fo r  a  W meson t o  decay i n t o  a  p a i r  of 

quarks and thus t o  produce two j e t s  wi th  l a r g e  t r ansve r se  momenta. 

The j e t s  from the  W w i l l  probably be hard t o  i s o l a t e  i n  t he  one-jet  

c r o s s  s e c t i o n ,  but they may be observable i n  the  two-jet c ros s  

s e c t i o n  because t h e i r  angular  d i s t r i b u t i o n  i s  d i f f e r e n t  from t h a t  

of j e t s  coming from quark-quark s c a t t e r i n g  ( P e i e r l s ,  1977). This 

is  i l l u s t r a t e d  i n  Fig. 11.12, where the  two-jet  c ros s  s e c t i o n  i s  

shown a s  a  funct ion  of  the  angle  of one j e t  f o r  the  angle  o f  the  

o the r  f ixed  a t  90'. Evidently the  p o s s i b i l i t y  of  observing the  W 

j e t s  depends both on the  s i z e  of  t he  quark-quark c ros s  s e c t i o n  and 

on t h e  accuracy wi th  which the  j e t  momentum can be determined. The 

d e t e c t i o n  of  j e t s  from W decay seems c l e a r l y  poss ib l e  i f  the  Fie ld-  

Feynman model i s  c o r r e c h b u t  r a t h e r  d i f f i c u l t  i f  the  vec tor  gluon 

model i s  r i g h t .  While d e t e c t i o n  of t h e  hadronic decay of t he  W 

may be poss ib l e  wi th  c a r e f u l  measurements, i t  cannot be r e l i e d  on 

fo r  the discovery o f  t he  W. 

Energy Dependence of Strong I n t e r a c t i o n s  

The previous sec t ions  have emphasized the  importance of ISA- 

BELLE fo r  producing high-mass p a r t i c l e s  and f o r  observing i n t e r -  

ac t ions  a t  l a r g e  p l .  Such experiments w i l l  seek t o  understand the  

na tu re  of t he  c o n s t i t u e n t s  of matter .  Of equal  importance i s  t h e  

ques t ion  of how the  hadrons made from these  c o n s t i t u e n t s  s c a t t e r  



. , .  
Fig. 11.11. Single hadron j e t  production a t  90° a s  a function o f  

. , .  transverse.momentum for various values of to ta l  center- 
of-mass energy. The curves are derived from the quark- 
parton model together with,a vector gluon quark-quark 
interaction, . . 
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Fig. 11.12. Angular dependence of double hadronic j e t  production 
i n  the quark-parton model a s  a funct ion of cos 01, 
f o r  92 = 90°, where 81, 82 a r e  the production angles 
of the two j e t s .  The th ree  mechanisms a re :  charged W 
decay, M, = 70 GeV, vector  gluon i n t e r a c t i o n s ,  and 
the Field-Feynman quark-quark sca t te r ing .  (a)  pl = 
35 GeV/c (E 3 M,) (b) pl = 30 G ~ V / C .  



via the strong interaction. ISABELLE can help to answer this 

question by greatly extending the range over which the energy 

dependence of such processes can be measured. 

The bulk of the total cross section consists of elastic 

scattering and multiparticle production at small momentum transfer 

t.  o or the reaction a + b 4 c + ... , t is the invariant square 
of the four-momentum difference between a and c. The term "t- 

channel" refers to the related reactions(a + -' 6 + . . .). 1 The 
.ata on 'such reactions are best described in the Regge , framework 

(Collins 1971). It is generally true that if t is fixed and s is 

large, the singularities in the complex angular momentum J for the 

t-channel will control the large s behavior. In particular, a pole 

at J = Q(t) gives an amplitude proportional to sa('). The Regge 

or J-plane formalism is useful because the existing data can be 

described at least approximately by a few terms: the "Pomeron" 

and several secondary Regge poles.   he latter all correspond to 
mesons which can be exchanged in the t-channel, and since their 

contributions to cross sections decrease roughly like s-%, they 

should be negligible at' ISABELLE energies. The Pomeron is less 

well understood, but is viewed as the manifestation of the basic 

multiparticle production process of strong interactions. It 

corresponds to a singularity near J = 1 and hence to constant or 

slowly varying cross sections. 

The most basic question to be answered by ISABELLE in this 

area is whether the concept of the Pomeron and of slowly varying 

cross sections is correct, or whether, for example, the observed 

lse of the total cross section is a threshold effect (Gaisser 

,173) .  Of course, the question is more general than any model. 

If the general idea of the Pomeron is confirmed, then it will 

be important to measure the s dependence of various cross sections. 

The most naive model of the Pomeron, namely a simple Regge pole 

with ~(0) = 1, accounts for many gross features of the existing 

data. For example, it gives constant total cross sections, scaling 



of i n c l u s i v e  c ros s  s ec t ions  (Mueller 1970), and short-range co r re -  

l a t i o n s  (Mueller 1971). However, t h e  naive model f a i l s  t o  desc r ibe  

many s i g n i f i c a n t  f a c t s :  i t s  successes  a r e  only approximate. Further-  

more, i t  i s  l o g i c a l l y  i ncons i s t en t  (Brower 1972). A more s o p h i s t i -  

ca t ed  model i s  the re fo re  requi red .  Typica l ly  the  s dependences pre-  

d i c t e d . b y  such models d i f f e r  only  by powers of log  s (Cheng 1970, 

Abar.bane1 1974, Migdal 1974), s o  t h a t  accu ra t e  d a t a  over a wide 

energy range i s  needed t o  make any progress i n  understanding s t rong  

i n t e r a c t i o n s .  With i t s  good performance from ds = 60 GeV t o  Js = 

800 GeV ISABELLE w i l l  provide such da ta .  

Total  Cross Sect ion.  Most models which f i t  t he  e x i s t i n g  d a t a  

p r e d i c t  t h a t  t he  t o t a l  c ros s  s e c t i o n  w i l l  cont inue  t o  r i s e  through- 

o u t  t he  ISABELLE energy range wi th  an  asymptotic behavior 

Two . t yp ica l  phenomenological f i t s  (Diddens 1974) having v = 1 and 

v = 2 a r e  shown i n  Fig. 11.13. The predic ted  rise i s  l a r g e  i n  

comparison wi th  the  v a r i a t i o n  i n  t h e  e x i s t i n g  d a t a  and r e f l e c t s  

t he  l a r g e  energy range which ISABELLE would make ava i l ab le .  

I f  a smooth r i s e  of  such a magnitude i s  observed, i t  would 

be an  important confirmation of  our present  genera l  ideas  about 

s t rong  i n t e r a c t i o n s .  Furthermore, accu ra t e  measurements over t he  

whole ISABELLE energy range should g ive  a much c l e a r e r  p i c t u r e  of  

t he  energy dependence of .This  should l ead  t o  increased under- 
T' 

s tanding ,  j u s t  a s  t h e  FNAL and ISR d a t a  have shown t h a t  c r o s s  

s e c t i o n s  do not  approach cons t an t s  a s  predic ted  by the  naive model 

of  t h e  Pomeron (Hendr ick  1975). 

E l a s t i c  Cross Sect ion.  Af ter  t h e  t o t a l  c ros s  s ec t ion ,  t he  

e l a s t i c  c ros s  s e c t i o n  i s  t he  s imp les t  measure of s t rong  i n t e r a c t i o n s .  

The .shape o f  the  e l a s t i c  c ros s  s e c t i o n  f o r  small  t can be described 

by a s lope  parameter 
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Fig:II.13. High energy data on pp to ta l  cross sect ion and typical extrapolation 
to ISABELLE energies (Diddens 1974): (a) crT - const X log&; 
( b )  G~ - const x log s .  



This i s  found t o  be d i f f e r e n t  f o r  It 1 4 0.15 ( ~ e v / c ) '  and It 1 2 
0.5 ( ~ e v / c ) '  (ACHGT 1972); d a t a  i n  both regions  a r e  shown i n  Fig. 

11.14. From the obvious i n e q u a l i t y  o < 0 one f inds  t h a t  i f  
e l  T 

o behaves a s  i n  Eq. (5 ) ,  then the  average s lope  s a t i s £ i e s  
T 

Asymptotically an  inc reas ing  o implies  an inc reas ing  b. I n  p r a c t i c e  T 
t he  s lope  i s  much l a r g e r  than t h i s  bound and so  r ep resen t s  q u i t e  

independent information. The form of t he  f i t  shown i n  Fig. 11.14 

i s  motivated by the  s imple Regge pole model of the  Pomeron and 

i n t e r e s t i n g  dev ia t ions  from i t  might reasonably be expected over 

the  ISABELLE energy range. 

A t  t - 1 .4  ( G ~ V I C ) '  t h e  e l a s t i c  c ros s  s e c t i o n  has a  s t r i k i n g  
2 2 

d ip  which appears between s = 200 GeV and s  = 400 GeV (see Fig.  

11.15) a This d i p  i s  sugges t ive  of  a  d i f f r a c t i o n  minimum from a 

proton of wel l -def ined  geometrical  shape. Three models, a l l  i n -  

corpora t ing  t h i s  genera l  v iew'but  p red ic t ing  d i f f e r e n t  pos i t i ons  

fo r  t h e  d i p  and he igh t s  f o r  t he  secondary maximum, a r e  shown i n  

Fig.  11.15. ISABELLE should determine whether a  geomet r i ca1 , in t e r -  

p r e t a t i o n  i s  c o r r e c t  o r  whether the  d i p  is  caused by an  "accidental"  

zero which d isappears  a t  h igher  energy. 

A t  s t i l l  l a r g e r  It 1 the  d a t a  shown i n  Fig. 11.16 suggest  the  

c p o s s i b i l i t y  of  a  second d ip .  

Other exc lus ive  r eac t ions  can a l s o  be s tud ied  a t  ISABELLE. * * * 
The c ros s  s e c t i o n s  f o r  pp -" pN and pp + N N a r e  approximately 

energy independent (Pavia 1975, Webb 1975, CHOV 1976b), so  these  

should be observable.  A d e t a i l e d  study of  t h e i r  energy dependence 

would complement t h a t  of e l a s t i c  s c a t t e r i n g .  Reactions involving 

quantum number exchange such a s  pp + nttaO f a l l  r a p i d l y  wi th  energy, 

but i f  they can be observed they would extend the  s tudy of secondary 

Regge terms t o  a  new energy range. 
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Fig .  11.14 Data  on t h e  e l a s t i c  s l o p e  pa r ame te r  b .  The e q u a t i o n  f o r  t h e  
c u r v e  drawn i s :  b = 8 .23  + 0.556 l o g  s ;  t h i s  form is  a p p r d p r i a t e  
t o  a Pomeron which i s  a s imp le  Regge p o l e  (Ba r t enev  1973a) .  



Fig. 11.15. Elastic pp cross section for moderate t showing the dip 
structure. The data compilation is from Amaldi 1976. 
The tllreu ulurlel predictions for Js = 800 tieV are (A) 
Geometrical scaling using curve (a) in Fig. 11.13 for 
oT (Dias de Deus 1973); (B) Coupled-channel Regge-eikonel 
model with a (0) > 1 (Crozier 1976); (C) Regge-eikonel 
model with a (0) > 1 (Chu 1976). 



F i g .  11.16. Elast ic  pp Cross sect ion a t  large I tl for Js = 53 GeV 
(CHOV 1976a). The cross sect ion a t  ISABELLE energies 
should be s imilar.  



Real Pa r t  of Forward Amplitude. It i s  generally believed t h a t  

the e l a s t i c  sca t t e r ing  amplitude f ( s ,  t )  i s  an ana ly t i c  function i n  

the cu t  s  plane and s a t i s f i e s  a  d ispers ion re la t ion .  It follows 

from t h i s  and the  o p t i c a l  theorem tha t  

~ ( s )  = Ref (s,O)/Imf(s,O) (8) 

can be ca lcula ted  given a  knowledge of CJ It can a l so  be measured T' 
by Coulomb interference .  As can be seen from Fig. 11.17 the ava i l -  

able  data  a r e  consis tent  with the ca lcula ted  values. The high-@ 

in te r sec t ion  of ISABELLE w i l l  permit such measurements t o  be extenc 
5 2  

t o  s  = 6 . 4  X 10 GeV . This w i l l  provide a  sens i t ive  t e s t  of d i s -  

persion r e l a t i o n s  i n  an e n t i r e l y  new energy range. 

One-Particle Inclus ive  Reactions 

One-particle inclus ive  react ions  provide a measure of the 

average behavior of mul t ipa r t i c l e  production, which accounts fo r  

about 80% of the t o t a l  cross  sect ion.  A t  ISABELLE, i t  would be 

i n t e r e s t i n g  to  measure the cross  sect ions  f o r  

f * f  
for  c  = T-I , K , p and as  many other  p a r t i c l e s  as  possible.  The 

Lorentz invar iant  cross  sec t ion  fo r  such react ions  i s  

and i s  b e s t  described as  a  function of three  var iables :  s ,  the 
2 

r a p i d i t y  y  = log (E + p ) / (E - p ), and p l  . In some regions 
11 II 

x  = 2p Ids i s  a  more useful  va r i ab le  than y. 
It 

It i s  useful  t o  d ivide  the ava i l ab le  range of y, 

s  S - % log -7 < y < %  1% 7 
m m 

in to  a  c e n t r a l  region and two fragmentation regions. The fragmen- 

t a t i o n  regions occupy about two u n i t s  a t  each end of the range of y, 



Fig. 11.17. Data on p(s)  =.Ref(s,O)/Imf(s,O) a s  measured by Coulomb 
interference. The curve i s  a  dispersion-relat ion calculat ion 
using curve (a) of Fig. 11.13 for a 

T' 



with  the  c e n t r a l  reg ion  ly ing  between them ( L i l l e t h u n  1973). Thus, 

the  length  of  t he  c e n t r a l  reg ion  i s  

Ay = 4 a t  ISR 

Ay = 9.5 a t  ISABELLE 

This expansion of  t he  c e n t r a l  reg ion  i s  o f  s u b s t a n t i a l  b e n e f i t  i n  

s tudying i n c l u s i v e  r eac t ions .  

3 
The na ive  Pomeron model' p r e d i c t s  t h a t  E(da/d p) i s  independent 

of s  and i s  a l s o  independent of  y i n  t he  c e n t r a l  reg ion  (Mueller 

1970). These p red ic t ions  a r e  only approximately c o r r e c t .  I n  par- 

t i c u l a r ,  t h e  c ros s  s e c t i o n  a t  y = 0 inc reases  s u b s t a n t i a l l y  over 

the  ISR energy range,  a? i s  shown i n  Fig. 11.18 ( B r i t i s h  1976). 

I n  a  wide c l a s s  of models the  i n c l u s i v e  c ros s  s e c t i o n  i n  t h e  

c e n t r a l  reg ion  i s  of  p a r t i c u l a r  i n t e r e s t  because i t  i s o l a t e s  t he  

exchange of  a  s i n g l e  Pomeron (Abramovskii 1972, Cheng 1973). The 
a- 1 

s f i t  i n  Fig. 11.18 i s  motivated by such models, but  t he  power 

a = 1.16 i s  l a r g e r  than expected. Data a t  higher  energy should 

he lp  t o  c l a r i f y  t h i s  energy dependence. 

It i s  a l s o  i n t e r e s t i n g  t o  measure i n c l u s i v e  c ros s  s ec t ions  

near rhe edge of phase space, x 1. i n  t h i s  reg ion  che c r i p l e -  

Regge model (Abarbanel 1971) provides a t  l e a s t  an approximate 

d e s c r i p t i o n  of the  e x i s t i n g  d a t a  ( ~ i e l d  1974). This model r e l a t e s  

the  i n c l u s i v e  c ros s  s e c t i o n  t o  a  t o t a l  c ros s  s e c t i o n  f o r  Reggeon- 

p a r t i c l e  s c a t t e r i n g  a t  a  center-of-mass energy equal  t o  t he  missing 

mass M. Since  M' = ( 1  - x ) s ,  a t  ISABELLE f o r  x = 0.98 one could 
2 2 

reach M' = 12800 (GeV/c ) which i s  much l a r g e r  than s  a t  the  ISK. 

By studying the  i n c l u s i v e  c ros s  s e c t i o n  t o r  x 1,one couid thus  

l e a r n  t o  what e x t e n t  t h e  r i s e  observed i n  the  pp c ros s  s e c t i o n  

a l s o  occurs i n  t he  Reggeon-proton c ros s  s ec t ion .  

Corre la t ions  

The very  h igh  energies  a v a i l a b l e  a t  ISABELLE would be pa r t i cu -  

l a r l y  use fu l  i n  s tudying  both c o r r e l a t i o n s  between p a r t i c l e s  



Fig. 11.18. Energy dependence of pp -.IT- X cross  sect ion a t  
x = 0 (Brit ish 1976) .  The naive Pomeron model pre- 
d i c t s  that th i s  cross sec t ion  i s  constant. 



i n  t h e  c e n t r a l  reg ion  and c o r r e l a t i o n s  between a  proton near 

x = 1 and p a r t i c l e s  i n  t he  missing mass. 

I n  the  c e n t r a l  reg ion  i t  i s  u se fu l  t o  d i s t i n g u i s h  long-range 

and short-range c o r r e l a t i o n s .  I n  t h e  Mueller-Regge model, s h o r t -  

range c o r r e l a t i o n s  a r e  a s soc ia t ed  wi th  secondary Regge poles,  while  

long-range ones a r e  a s soc ia t ed  wi th  Pomeron c u t s ,  o r ,  more gene ra l ly ,  

wi th  any nonfac to r i zab le  p a r t  of t he  Pomeron (Quigg 1973). I n  o the r  

models, short-range c o r r e l a t i o n s  come from c l u s t e r s  o r  s i m i l a r  

e f f e c t s ,  whi le  long-range c o r r e l a t i o n s  can a r i s e  from t h e  produc- 

t i o n  of  p a r t i c l e s  o f f  mu l t ip l e  cha ins  o r  from absorpt ion  (Botke 

1973). Addit ional  long-range c o r r e l a t i o n s  a r e  introduced by energy- 

momentum conservat ion,  e s p e c i a l l y  near  t h e  edge of  phase space. 

Contour p l o t s  of  t h e  c o r r e l a t i o n  funct ion  

a s  a  func t ion  of t h e  pseudorapidi ty T l  = - log t an  (012) a r e  shown 

i n  Fig .  11.19.  The short-range c o r r e l a t i o n  depending mainly on 

Ill - ~ 1 ~ 1  i s  c l e a r l y  ev ident  i n  t he  c e n t r h  region.  For 'Ill q2 a 
log s the c o r r e l a t i o n  funct ion  becomes negat ive  a s  requi red  by 

energy-momentum conservat ion.  

A t  ISABELLE, t h e  s i z e  of  t he  c e n t r a l  reg ion  w i l l  be more than 

twice t h a t  a t  the  ISR.. P a r t i c l e s  can be separa ted  by more than 

one c o r r e l a t i o n  length  (about two u n i t s  of r a p i d i t y )  whi le  remaining 

i n  t h e  c e n t r a l  reg ion .  This  should make i t  poss ib l e  t o  s epa ra t e  

dynamical long-range c o r r e l a t i o n s  from both the  short-range ,corre- 

l a t i o n s  and the  t r i v i a l  ones due t o  energy-momentum conservat ion.  

The high energy a v a i l a b l e  a t  ISABELLE would a l s o  f a c i l i t a t e  

t he  s tudy o f  c o r r e l a t i o n s  between a  p a r t i c l e  near  x = 1 and 

p a r t i c l e s  i n  the  missing mass. I n  t he  t r iple-Regge model such 

c o r r e l a t i o n s  a r e  r e l a t e d  to  i n c l u s i v e  r e a c t i o n s  f o r  Reggeon- 



p l S R  = 11.8 GeV/c 

&=23 GeV 

plSR=31.4 GeV/c 

A . 6 2  G e V  

Fig. 11.19. Contour p lots  of charged-particle correlat ion function 
R ( q 1 ,  12) vs pseudorapidity 'll = - log (tan 8 1 2 ) .  Note 
that the correlat ion i s  mainly short-range for small . 

-% and Q, depending on 1% - %I. 



part ic le  scatter ing (Frazer 1973). Thus one would be able to 

study Reggeon-proton inclusive reactions a t  values of M' comparable 

to  the values a t  the ISR. 



3.  TYPICAL EXPERIMENTS AND DETECTORS 

Experiments w i l l  be c a r r i e d  o u t  i n  the i n s e r t i o n s  i n  t h e  r i n g  

l a t t i c e  t h a t  a r e  described i n  Sec t ion  111.2. In  designing the  i n -  

s e r t i o n s  p a r t i c u l a r  emphasis was placed on providing the  f l e x i b i l i t y  

needed f o r  accommodating the  va r i ed  requirements of  the  many exper i -  

ments t h a t  t he  physics ob jec t ives  of ISABELLE imply. The 1975 

Summer Study and 1976 and 1977 Workshops have confirmed t h a t  the  

present  des ign  of t he  i n s e r t i o n s  can indeed s a t i s f y  the  experimental 

:equirements . 

A l l  the  experiments considered could be s e t  up wi th  the  

s tandard  60-meter f r e e  space a v a i l a b l e  a t  t h e  c ros s ing  po in t .  

Most experiments can u t i l i z e  t h e  s tandard  beam focus a t  t he  in -  

s e r t i o n .  For higher luminosi ty,  the  s t r eng th  of  the  quadrupole 
* 

doublets  can be changed t o  reduce B a t  the  c ros s ing  poin t .  This 
v 

-2 -1 
can y i e l d  luminosi ty of  4 .5  X cm sec  . For proton beams of 

sma l l e s t  angular  divergence the  oppos i te  change i s  needed t o  in -  * 
crease  B a t  the c ros s ing  po in t .  This i s  an e s s e n t i a l  requirement v 
fo r  the  experiment t o  measure the  r e a l  p a r t  of t he  forward s c a t t e r i n g  * 
amplitude, fo r  which pv 75 i s  requi red .  . 

For some experiments t he  proton beams must pass through 

analyzing magnets. This must be done i n  such a way t h a t  they 

introduce no n e t  d i spe r s ion  i n t o  the  c i r c u l a t i n g  proton beams. 

I n  o the r  words, f o r  each d ipo le  .magnet i n  t he  i n s e r t i o n  t h e r e  

must be another  compensating magnet t h a t  bends i n  the  oppos i te  

d i r e c t i o n .  This i s  demonstrated i n  t he  Large Aperture Spectrometer 

described i n  t h i s  s ec t ion .  A s i m i l a r  d ipo le  magnet sequence can 

used t o  change the  c ros s ing  angle  of t he  i n t e r s e c t i n g  beams. 

rour common d ipo le s  a r e  requi red  t o  provide luminosi ty of 10 
3 3 
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cm sec  by reducing the  cross ing  angle  by a f a c t o r  of two. The 

f r e e  space f o r  t h a t  con f igu ra t ion  would be 30 m. With a  s i m i l a r  

arrangement but wi th  the  p o l a r i t i e s  i n  t he  four d ipo le s  reversed ,  

the  c ros s ing  angle can h e  increased .  This f e a t u r e  can provide 



a s h o r t  i n t e r a c t i o n  diamond (m 40 mm long) which i s  de s i r ab l ea fo r  

some experiments (Wi l l i s  1976) . 

Furthermore, t h e  s to rage  r i n g s  can be opera ted  a t  unequal beam 

energ ies .  It would be poss ib l e  t o  maintain a  f i xed  p~ acceptance 

downstream from t h e  c ros s ing  po in t  and map o u t  t h e  s dependence by 

changing t h e  energy of  t he  o t h e r  beam. Unequal beam energ ies  can 

a l s o  be used t o  check on poss ib l e  sys temat ic  e r r o r s  by main ta in ing  

a  f i xed  s w i t h  d i f f e r e n t  combinations of beam ene rg i e s .  

A few'simple experiments, such a s  a  monopole search  (Giacomell 

1975) us ing  Makrofol-E and N i t r o c e l l u l o s e  shee t s ,  and a s ea rch  f o r  

f r a c t i o n a l l y  charged quarks (Foley 1975) have been d iscussed ,  but  

i n  gene ra l  t h e  experimental  arrangements t o  f u l l y  u t i l i z e  t he  

p o t e n t i a l  of ISABELLE appear t o  be q u i t e  s u b s t a n t i a l .  Some t y p i c a l  

proposed experiments a r e  descr ibed  below. 

Lepton Detector  

A c r u c i a l  t e s t  o f  the  theory  of weak i n t e r a c t i o n s  i s  the  

ex i s t ence  o r  nonexistence of t h e  in te rmedia te  vec to r  boson. A s  

d i scussed  previous ly ,  W mesons should g ive  a  c l e a r  experimental  

s i gna tu re  by t h e i r  l e p t o n i c  decays and they may a l s o  be observable 

through t h e i r  decays i n t o  hadronic j e t s .  Experimental des igns  f o r  

both of t he se  decay modes have been s tud i ed .  

A des ign  of a  l a r g e  Lepton Detector  was c a r r i e d  out  o r i g i n a l l y  

a t  t h e  1975 Summer Study (Burns te in  1975), and a reduced s c a l e  des ign  

was considered a t  t h e  1976 Summer Workshop (Imlay 1976). This 

d e t e c t o r  was deslgned t o  look f o r  t h e  most c h a r a c t e r i s t i c  s i g n a t u r e  

of  d and ZO product ion,  namely e i t h e r  s i n g l e  l ep tons  o r  d i l ep tons  

of h igh  t r ansve r se  momentum. I n  a d d i t i o n ,  s i n c e  t h i s  d e t e c t o r  

w i l l  explore  a  new region  of phys ics ,  i t  i s  designed wi th  the  

c a p a b i l i t y  o f  i d e n t i f y i n g  both  e l e c t r o n s  and muons. The gene ra l  

con f igu ra t ion  of  t he  reduced s c a l e  lep ton  d e t e c t o r  i s  shown i n  

Figs.  I I .20a and b. An a l t e r n a t i v e  arrangement was d iscussed  i n '  

t h e  1977 Workshop (McDonald 1977). 



Fig. II.20a. Isometric view of large lepton detector (Burnstein 1975). 
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Fig. II.2Ob. Sectional view of  lepton detector, (Burnstein 1975). 
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Electron identification would be carried out with a combination 

of transition radiation detectors and a liquid argon ionization 

chamber calorimeter. An extremely efficient transition radiator 

has been constructed that consists of stacks of thin lithium foils 

followed by a xenon-gas filled MWPC to detect the x-rays from the 

radiator (Fischer 1975). Such a radiator-detector system has been 

extensively tested and is being used for electron identification 

in an experiment at the ISR with a geometry very similar to the 

one described here. 

The optimum performance o f  the electron identifier is determinea 

by extrapolating the performance of the ISR detector to T.SABELLE 

energies. The detector unit i s  optimized fn t  t h e  energy regime 

between 10 and 50 GeV, by using a lithium foil thickness of 0.0032 cm 

and a foil separation of 0.051 cm. With this geometry 500 foils 

yield a detected x-ray intensity 40% larger than the ISR detector. 

This is sufficient to offset the 30% increase in the hadron energy 

deposition so that the n-e separation remains the same as in the 

ISR detector, namely about 200 to 1. 

The calorimeter is composed of two cylindrical units, the 

inner rjile upLkllzed for electrons and the outer one for 1,ladrons. 

The calorimeter is a liquid argon ionization chamber with a large 

number of plates to minimize the sampling fluctuations while 

keeping the average density high. For the electron section, 20 

radiation lengths of converter are.needed, which amounts to 36 cm 

of steel or 11 cm of lead. For the hadronic section an additional 

8 interaction lengths would be added to what exists in the first 

sectiun,  giving a coral of 1U.b interaction lengths. This will 

be composed of 100 plates of steel, 1 cm thick, separated by 0.5 cr 

of liquid argon. The expected electron energy resolution is then 

~%/JE, while for the hadron it will be 20%/J~, with E in units of 

GeV. 

The outer section of the detector uses magnetized iron, both 

as a shield against hadrons and as a momentum measuring apparatus 



f o r  muons up t o  50 GeV/c. The magnetized i r o n  c o n s i s t s  of  two 

concent r ic  hexagonal s ec t ions  in t e r spe r sed  wi th  d r i f t  chambers. 

A measurement of t he  muon momentum can be made t o  an accuracy of 

roughly 12%. The inner  d e t e c t o r  elements do not  have the  c a p a b i l i t y ,  

i n  each s e c t o r ,  t o  i d e n t i f y  e l e c t r o n s  by t r a n s i t i o n  r a d i a t i o n  and 

have the  f u l l  e l e c t r o n  and hadron ca lor imeters .  There a r e  two 

d i f f e r e n t  types of  modules. One conta ins  t he  t r a n s i t i o n  r a d i a t o r s  

and the  e l e c t r o n  ca lor imeter  and the  o the r  conta ins  only the  e l e c -  

:ron and hadron ca lo r ime te r s .  We can cons ider  an i n i t i a l  exper i -  

..tent comprised of a l t e r n a t i n g  types of modules. I n  d e t e c t i n g  the  

muonic decay of  t he  W, t he  complete s o l i d  angle  i s  e f f e c t i v e ,  

while  f o r  the  e l e c t r o n i c  decay t h e r e  i s  a reduct ion ,  but by l e s s  

than a f a c t o r  of 2. C lea r ly  any Fe c o r r e l a t i o n s  a r e  a l s o  reduced 

by the  same f a c t o r  i n  t h i s  i n i t i a l  conf igura t ion .  Depending upon 

the  e a r l y  performance of t he  d e t e c t o r  and the  e a r l y  physics r e s u l t s ,  

one has the  opt ion  of changing the  modular conf igura t ion .  

The t r a n s i t i o n  r a d i a t i o n  d e t e c t o r  and e l e c t r o n  ca lor imeter  

s e c t i o n  would d e t e c t  t he  e l e c t r o n  emerging from t h e  W decay whi le  

a t  the  same time it r e j e c t s  hadrons wi th  good s e n s i t i v i t y .  The 

t r a n s i t i o n  r a d i a t i o n  de t ec to r  i n  conjunction wi th  the  ca lo r ime te r  

should, a t  p l  > 10 Gev/c, d i sc r imina te  aga ins t  pions a t  the  l e v e l  

of loe4 while  s t i l l  d e t e c t i n g  most of the  lep tons .  Also, one 

should note  t h a t  most of t he  r a t e s  a r e  from very low momentum 

p a r t i c l e s  and can be excluded i f  one i s  i n t e r e s t e d  only i n  high p l  

p a r t i c l e s  by r a i s i n g  the  e l e c t r o n  ca lor imeter  threshold  and i n t r o -  

ducing a p~ cut -of f  on the  e l e c t r o n s  accepted i n  the  t r i g g e r .  For 

-uample, one expects  only - 2000 pions per second wi th  momentum 
33 -2 -1 

5 GeV i n  the  e n t i r e  d e t e c t o r  a t  a  luminosi ty of 10 cm s e c  , 
8 

compared wi th  an est imated t o t a l  counting r a t e  of 10 per second. 

The e-Ti s epa ra t ion  of  approximately lo4 t o  1 can be achieved by 

having an e l e c t r o n  i d e n t i f i e r  which can d e t e c t  lep tons  wi th  l e s s  

than 1% pion background provided t h a t  the  ca lo r ime te r ,  occupying 

thc  middle s e c t i o n  of the  d e t e c t o r ,  can achieve another  f a c t o r  of 



100 i n  the hadron-electron separa t ion.  

Counting r a t e s  for  W de tec t ion  can be estimated from the 

model ca lcu la t ion  described i n  Section 2. For example, from 

Fig. I I . 4 a  the cross  sec t ion  f o r  the peak i n  the transverse momentum 

spectrum f o r  a  W mass of 70 ~ e v / c '  i s  do/dpld0 = 9 X cm 
2 

-2 -1 
(GeV/c) s r  for  each lepton channel. The cross  sect ion i s  r e l a -  

t i v e l y  f l a t  around 90'. For a  2n s o l i d  angle and a  momentum spread 

of 15 G e ~ / c  the resu l t ing  r a t e  i s  about two counts per second for  
-2 -1 

a  luminosity of cm sec . The r a t e  decreases with the mass 

of the W ,  dropping by about one order of magnitude for  a  W mass 
2  

of 200 CcV/c . 
A ser ious  cons t ra in t  on the  design o f  the e n t i r e  detector  i s  

the d e s i r a b i l i t y  of keeping t ransverse  dimensions a s  small as 

possible t o  reduce the muon background i n  the outer  muon detector  

r e su l t ing  from the n-k decays. I n  addi t ion,  the volume of the 

muon i d e n t i f i e r  grows rap id ly  with the transverse dimension and 

the amount of i r o n  i n  i t  i s  a  dominant fac tor  i n  the t o t a l  cos t .  

The t rans  i t i o n  rad ia t ion  detector  i s  considered a  "plug-in-unit" 

t h a t  could be removed and replaced by shie lding,  making the overa l l  

apparatus a  muon detector  with an even b e t t e r  n -' p decay re jec t ion .  

The de tec t ion  of small-angle p a r t i c l e s  by means of end caps 

should be l e f t  t o  a  l a t e r  phase of the experimental program.. 

I n i t i a l l y ,  the lepton detector  would concentrate on p a r t i c l e s  of 

high p~ and r e l a t i v e l y  l a rge  angle,  without attempting to  observe 

a l l  secondary p a r t i c l e s  or  achieve overa l l  energy or  momentum 

balance. End caps t o  de tec t  small-angle p a r t i c l e s  could be added 

a f t e r  a  f i r s t  round of experiments i n  which the  lepton detector  
0 

would cover angles wi thin  f 45O of the 90 d i rec t ion .  I n i t i a l  

information on small-angle p a r t i c l e s  would come from experiments 

a t  o ther  inse r t ions  with equipment designed for  t h a t  purpose. 

The observation of intermediate boson production for  boson 

masses up t o  the order of 200 ~ e ~ / c '  should be possible.  I f ,  



con t r a ry  t o  expecta t ion ,  t h e  masses were even h igher  than t h i s ,  o r  

i f  no W bosons e x i s t ,  then the  appara tus  described would s t i l l  be 

a b l e  t o  observe weak i n t e r a c t i o n s  of t he  type pp -' e v +  e t c .  
-36 2 

d e s p i t e  t h e i r  small  c ros s  s e c t i o n  [of t he  order  of  10 cm 
2 

i n t eg ra t ed  fo r  (ev) masses above 60 G e ~ / c  1. 

Larpe Aperture Spectrometer 

This l a rge  d e t e c t o r  system would a l s o  be capable of  seeing 

weak i n t e r a c t i o n  e f f e c t s ,  and i n  p a r t i c u l a r ,  observing the  W boson 

n  both i t s  charged and n e u t r a l  s t a t e s .  The Large Aperture Spec- 

trometer (White 1976) emphasizes the  d e t e c t i o n  of  charged p a r t i c l e s ,  

wi th  i d e n t i f i c a t i o n ,  and the  measurement of photons from hadron decay. * 

Given a  high e f f i c i e n c y  of  hadron de t ec t ion ,  the  t r ansve r se  momentum 

of t he  missing neu t r ipo  can be i n f e r r e d  and serves  a s  a  good s i g -  

na tu re  of the  weak decay. I f  t he  W i s  produced moving slowly i n  

the  l abo ra to ry  system, then both the  charged l ep ton  and the  neut r ino  

w i l l  gene ra l ly  have high t r ansve r se  momentum and may be separable  

from the  hadrons i n  the production process.  Knowledge of these  two 

momenta allows the  c a l c u l a t i o n s  of t he  charged W mass d i r e c t l y .  

A more d i f f i c u l t  but a l s o  a t t r a c t i v e  p o s s i b i l i t y  i s  t o  s e e  the  

W decay i n t o  hadronic j e t s ,  and the re fo re ,  measure the  branching 

r a t i o .  I t  i s  no t  c l e a r  whether these  j e t s  can be d i s t i ngu i shed  

from "normal" hadronic j e t s  by t h e i r  angular  d i s t r i b u t i o n  and by 

t h e i r  i n v a r i a n t  mass d i s t r i b u t i o n ,  but  t h i s  p o s ~ i b i l i t y  was borne 

i n  mind i n  designing the Large Aperture Spectrometer. 

Apart from the  W, the re  i s  the  f i e l d  of charmed p a r t i c l e  

spectroscopy which would be s tudied  a t  ISABELLE. A t  high production 

~ergies ,  i n  nucleon-nucleon c o l l i s i o n s  the  J/Y has been i d e n t i f i e d  

a t  BNL,, t he  ISR and a t  FNAL through the  two l ep ton  decay mode, but  

not  d i r e c t l y  by decay i n t o  hadrons. The higher mass charmed bosons 

couple l e s s  s t rong ly  t o  lep ton  p a i r s ,  and i f  the  spectroscopy i s  

t o  be pursued, t he  decays i n t o  hadrons must be seen.  The l a r g e  

acceptance and good momentum r e s o l u t i o n  of t he  Large Aperture 



Spectrometer would provide a good handle on the  m u l t i p a r t i c l e  decays 

of charmed p a r t i c l e s .  

Furthermore a program of "conventional" hadron physics can be 

c a r r i e d  ou t  wi th  an appara tus  l i k e  t h i s  one. In  a d d i t i o n  t o  t h e  

experiments d iscussed  above t h e r e  a r e  a number of  o the r  processes 

which r e q u i r e  high energies  e i t h e r  t o  overcome phase space l i m i t -  

a t i o n s  o r  e l s e  t o  provide information about energy dependence. 

Examples inc lude  double d i f f r a c t i v e  d i s s o c i a t i o n ,  mu l t ipe r iphe ra l  

processes,  and quas i  two-body r eac t ions  such a s  pp + O*AO. A l l  

of  these  a r e  known t o  occur a t  lower energ ies .  

Fig.  11 .21  shows a schematic of t h e  spectrometer system. I n  

the  forward d i r e c t i o n  the  h igh  momentum hadrons would be measured 

i n  the  forward angle  tagging spectrometers  FATS 1 and FATS 2 (on 

the  o the r  s i d e ,  not  shown). The d i s i n t e g r a t i o n  products of t he  

inc ident  protons and the  p a r t i c l e s  t h a t  a r e  produced i n  the  c e n t r a l  

reg ion  can be d i f f e r e n t i a t e d .  These two spectrometers  can measure 

momenta of charged p a r t i c l e s  and the  energy of the  n e u t r a l s  t h a t  

a r e  emit ted wi th in  the  cone of acceptance,  without  neces sa r i l y  

using any equipment inboard of t h e i r  main d e f l e c t i o n  magnets. The 

measurement of i nc lus ive  p a r t i c l e  production wi th in  a f a i r l y  ex- 

tens ive  forward cone can be accomplished by these  two spectrometers  

i n  a s tand-alone running mode. 

Each FATS spectrometer  has a s i n g l e  bending magnet with a 

peak f i e l d  i n t e g r a l  of  90 kG-m. The s p a t i a l  r e s o l u t i o n  Ax t o  be 

spec i f i ed  f o r  t he  d r i f t  chambers (D i n  the  f igu re )  i s  100 p. This 

g ives  us a r e s o l u t i o n  of aplp2 - 0.5 Ax (Ax i n  meters ,  p i n  G e ~ / c )  

which a t  100 GeV/c and Ax = l om4  gives Ap - 0.5 GeV/c. This f igul  

is  t y p i c a l  o f  t he  magnitude of  t he  charged p a r t i c l e  momentum un- 

c e r t a i n t y  t h a t  we can expect .  

The opera t ing  p r i n c i p l e  of  t he  two wide angle  spectrometers  

(WASP) i s  i d e n t i c a l  t o  FATS i n  t h a t  the  d e t e c t i o n  i s  a l l  downstream 

of t h e  bending magnet. The J ~ d l  of  each magnet i s  10 kG-m giv ing  
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pair, WASP, and central detector (White 1976). 



~ p / p ~  - 20 Ax without the  in te rac t ion  point and A ~ / ~ ~  4 .8  Ax 

with a measurement of the  in te rac t ion  point  t o  the  same s p a t i a l  

precis ion as  elsewhere. Using t h i s  more precise number, below 

3.8 devlc the material  ahead of the  spectrometer w i l l  dominate the  

momentum resolut ion,  keeping it t o  0.5%. The large  aper ture  mag- 

net  i s  of conventional type, although large  i n  s i ze .  The 

magnet CM compensates the  de f lec t ion  of the  ISABELLE beam be- 

fo re  reenter ing the  ISABELLE l a t t i c e ,  sa t i s fy ing  the  present ISA- 

BELLE l a t t i c e  design requirement. Neutral detectors  w i l l  measure 

energy, and the  charged p a r t i c l e s  have t h e i r  momentum measured 

with the  p a r t i c l e  type ident i f ied .  There a r e  many technical ly  

advanced detectors  which have been considered fo r  the  a rea  around 

the  in te rac t ion  region i t s e l f .  One u t i l i z e s  a cy l indr ica l  geometry 

with i t s  ax i s  approximately p a r a l l e l  t o  the  ISABELLE beam. A s e t  

of cy l indr ica l  proportional chambers which incorporate a longitudi-  

na l  readout, a calorimeter and/or shower detector  and possibly a 

Cerenkov counter could be i n s t a l l e d  t o  de tec t  large  angle p a r t i c l e s  

with momentum 6 20 G e ~ / c .  

The design attempts t o  e s t a b l i s h  a balance between charged 

p a r t i c l e  measurement and i d e n t i f i c a t i o n  and the  d i f f i c u l t i e s  of 
-2 

neu t ra l  p a r t i c l e  reconstruction.  For the  luminosity of cm 
-1 

sec , the r a t e  of production of charged W ' s  has been estimated a t  
4 

10 /day. With the  large  aper ture  system t h i s  represents a more 

than adequate yield.  

Study of Hadrons a t  Large Transverse Momentum 

The recent discovery of charmed p a r t i c l e s  and the growth of 

the evidence i n  favor of the existence of j e t s  i n  hadron-hadron 

c o l l i s i o n s  make a study of high p~.  hadrons of great current  in tere  

Such an experiment can be ca r r i ed  out i n  the setup shown i n  Fig. 11.22. 

It cons i s t s  of two spectrometers of large  s o l i d  angle (Peoples 

1976), the axes of which a r e  perpendicular t o  the  co l l id ing  beams. 

The mul t ipa r t i c le  acceptance fo r  a j e t  of p a r t i c l e s  emitted near 

90' with respect  t o  the  co l l id ing  beams i s  good. The experiment 
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Fig. 11.22. Double spectrometer with both arms a t  90' for study of  
hadrons a t  large transverse momentum (Peoples 1976). 



s t r e s s e s  p a r t i c l e  i d e n t i f i c a t i o n  bycerenkov counters. The object ive  

would be the  study of the  leading charged p a r t i c l e s  i n  a j e t .  The 

discovery of charmed p a r t i c l e s ,  i n  pa r t i cu la r  the  charmed baryon, 
0 0 

i s  a reminder t h a t  h I s  and K ' s  a r e  very important p a r t i c l e s  t o  

de tec t .  

The hard s c a t t e r i n g  of a quark i n  one hadron off  a quark i n  

another hadron i s  expected t o  give r i s e  t o  a pa i r  of j e t s .  By 

including spectrometers on both s ides  of the beam, corre la t ions  

between j e t s  can be studied. It seems feas ib le  t o  study quark- 

quark sca t t e r ing  by detect ing corre la ted j e t s  with p l  > 10 CeVIc. 

The f u l l  luminosity of cm-'sec" can be u t i l i zed .  

I n  addit ion t o  j e t s  which a r e  produced by quark-quark s c a t t e r -  

ing, there  w i l l  be j e t  pa i r s  due t o  the decay of massive objects  
+ + such a s  the W , Higgs bosons, and zO'S.  For example, the W may 

decay i n t o  a charmed quark and an ant is t range quark a t  an appreciable 

r a t e .  According t o  current  theory, the  quarks do not emerge, and 

one sees  two j e t s  of hadrons carrying in tegra l  charge, charm o r  

strangeness. These j e t s  can most e a s i l y  be detected by using two 

back-to-back spectrometers which de tec t  both charged and n e u t r a l  

pa r t i c les .  One can look t o  see  i f  the re  i s  a peak i n  the  t rans-  
+ 

verse energy d i s t r ibu t ion .  A W of 60 GeV, fo r  example, would 

give two j e t s ,  each containing 30 GeV. 

The apparatus, consis t ing of two magnetic spectrometers 

or iented perpendicular t o  the  co l l id ing  beams, is shown i n  Fig. 11.22. 

Charged p a r t i c l e  t r a j e c t o r i e s  a r e  determined by proportional chambers 
i 

P and dlzift chambers D~ 
i i i 

Dp, D3, and Dq. Photon momenta a r e  
0 

measured by l iqu id  argon-lead p l a t e  calorimeters placed a t  the  end 

of each spectrometer. Following the argon-lead p l a t e  calorimeter 

there  is  a s teel-argon calorimeter which, together with the lead, 

measures the hadronic energy i n  the  j e t .  The Cerenkov counters 

C1 and C2 a r e  used t o  provide p a r t i c l e  i d e n t i f i c a t i o n  f o r  some of 

the hadrons. A one meter th ick  s t e e l  wall  followed by s c i n t i l l a t i o n  



counters  provides f o r  muon i d e n t i f i c a t i o n .  F i n a l l y  each spectrom- 

e t e r  could be moved by * 45' i n  order  t o  map ou t  j e t - j e t  c o r r e l a t i o n s .  

Tota l  Cross Sec t ion  Measurements 

The measurement of t he  t o t a l  c ros s  s e c t i o n  i s  s t r a igh t fo rward  

a t  conventional  a c c e l e r a t o r s  where t h e  t ransmiss ion  method can  

y i e l d  accurac ies  of %% o r  b e t t e r .  This simple method i s ,  of  course ,  

no t  a v a i l a b l e  t o  c o l l i d i n g  beam experimenters.  Three o the r  methods 

can,  however, provide measurements t o  about  1% a s  descr ibed  below. 

Cn a l l  cases  t he  v a r i a b l e  energy of ISABELLE i s  p a r t i c u l a r l y  va lu-  

ab l e  f o r  t he  t o t a l  c r o s s  s e c t i o n  measurement. The func t iona l  form 

of t he  t o t a l  c ros s  s e c t i o n  can be determined from t h e  ISR over lap  
2  reg ion  of 8 = 3000 G ~ V ~  ou t  t o  8 = 640,000 GeV . 

1. I n  t he  f i r s t  method, a  4 ' ~  de t ec to r  (Chung 1975), shown in  

Fig.  11.23, would be used. The aim i s  t o  observe a l l  i n t e r a c t i o n s  

s o  t h a t  t he  c ros s  s e c t i o n  a i s  determined from 
T 

where R i s  the  t o t a l  i n t e r a c t i o n  r a t e  and L i s  t h e  luminosi ty.  
T  

The i n t e r a c t i o n  reg ion  i s  surrounded by d e t e c t o r s  a s  completely 

a s  i s  p h y s i c a l l y  pos s ib l e .  To minimize t h e  i o s s  of very  smal l  angle  

events ,  d e t e c t o r s  s i m i l a r  t o  those  requi red  f o r  e l a s t i c  s c a t t e r i n g  

i n  t he  Coulomb-nuclear i n t e r f e r e n c e  reg ion  would be  used (Marx 1975). 

They would c o n s i s t  of s c i n t i l l a t i o n  coun te r s  a t  30 m and 69 m from 

t h e  i n t e r a c t i o n  p o i n t  subtending t h e  angular  ranges of 1.3 - 6.6 mrad 

and 0.4 - 1.3  mrad r e spec t ive ly .  A t  69 m t he  d e t e c t o r s  could be 

-laced a s  c l o s e  a s  2.75 cm t o  t h e  pro ton  beam which would correspond 

t = 0.025 ( G e v ~ c ) ~  a t  400 GeV. Of t h e  order  of  2  mb of t he  t o t a l  

c r o s s  s e c t i o n  i n  the  forward d i r e c t i o n  would remain undetec ted ,  and 
0 

t h a t  can be co r r ec t ed  by ex t r apo la t i ng  t h e  observed events  t o  0  . 
This c o r r e c t i o n  should c o n t r i b u t e  < t o  t he  e r r o r  i n  t h e  t o t a l  

c r o s s  s ec t ion .  The l i m i t a t i o n  of  t h i s  method i s  l i k e l y  t o  be t h e  

a b s o l u t e  knowledge of  t h e  luminosi ty L. Determination o f  t he  lumin- 

o s i t y  t o  1% can be  a t t a i n e d  (Marx 1974 and Palmer 1975). 
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Fig. 11 .23 .  Detector arrangement for a "4n experiment" to measure the 
directions of outgoing part ic les  (Chung 1975). 



The bas ic  d e t e c t i o n  system i s  b u i l t  from d r i f t  chamber planes 

with surrounding s c i n t i l l a t i o n  counters .  I n  order  t o  t o l e r a t e  high 
32 -2  -1 

luminosity (2 10 cm sec  ) good ve r t ex  r econs t ruc t ion  i s  planned, 

wi th  the  d r i f t  chamber wire  spacing t a i l o r e d  t o  the  expected p a r t i c l e  

dens i ty  d i s t r i b u t i o n  a s  est imated from lower energy experiments a t  

the  CERN ISR. Ca lcu la t ion  of  l o s s  of t racks  due t o  s l i g h t  l o s ses  i n  

s o l i d  angle  plus a d d i t i o n a l  t r acks  due t o  p a i r  production by Y-rays 

ind ica t e s  manageable co r rec t ions  to  the  various moments of the  mul t i -  

l i c i t y  d i s t r i b u t i o n .  

It i s  envisioned t h a t  a d e t e c t o r  of  t h i s  type w i l l  provide 

exce l l en t  c o r r e l a t i o n  d a t a  when used, a s  a t  t he  ISR, i n  conjunction 

wi th  spectrometers  t o  s e l e c t  s p e c i f i c  p a r t i c l e s  and ranges of x 

and p ~ .  

I n  a d d i t i o n  a g r e a t  dea l  of p a r t i c l e  c o r r e l a t i o n  da t a  can be 

obtained from the  417 de tec to r  alone.  

2.  A second method i s  t o  ex t r apo la t e  t he  d i f f e r e n t i a l  c ros s  
0 

s e c t i o n  f o r  e l a s t i c  s c a t t e r i n g  t o  0 and use the  o p t i c a l  theorem, 

name 1 y 

4n 
CT = - I m .  f ( 0 )  

T P 

where.R i s  t he  e l a s t i c  r a t e  and p t h e  r a t i o  of  the  r e a l  t o  imaginary 
E 

~ r t  of the  forward s c a t t e r i n g  amplitude. This method i s  a by- 

product of the  small  angle  e l a s t i c  s c a t t e r i n g  experiment and a s  such 

w i l l  c e r t a i n l y  be done. 

3 .  The t h i r d  method combines the  measurements of both pre-  

ceding methods. Combining the  two expressions g ives  an express ion  



f o r  o independent o f  luminosi ty L, namely 
T 

Measurement of t he  Real P a r t  of  t he  Forward S c a t t e r i n g  Amplitude 

An experiment has been designed t o  measure the  Coulomb-nuclear 

i n t e r f e r e n c e  us ing  t h e  s tandard  i n s e r t i o n  components, r equ i r ing  

only re tuning  of t he  quadrupoles t o  ob ta in  t h e  necessary small  

angular  divergence o f  t he  beam (high be t a t ron  amplitude funct ion) .  

The requirements  placed on the  B-functions come from the  need 

t o  measure the  e l a s t i c  s c a t t e r i n g  t o  a  very smal l  angle  wi th  good 

r e so lu t ion .  Even wi th  i d e a l  d e t e c t o r s  t he  angular  spread of t h e  

beams con t r ibu te s  s i g n i f i c a n t l y  t o  the  r e so lu t ion .  Based on a 

measurement of t he  Coulomb-nuclear i n t e r f e r e n c e  from FNAL experiment 

E69, goals  were s e t  on the  r e s o l u t i o n  i n  p~ " Jlt 1 of 6 M ~ V / C  rms 
-3  

wi th  a minimum It 1 of 3 X 10 (Ge~/c) ' .  (Marx 1975, Chang 1977) 

The experimental  method i s  t o  measure t h e  pos i t i on  of both 

s c a t t e r e d  protons i n  order  t o  provide an  e l a s t i c  c o n s t r a i n t  and 

t o  use  t ime-of- f l ight  between the  two s c a t t e r e d  p a r t i c l e  de t ec to r s  

t o  l i m i t  events  t o  those o r i g i n a t i n g  i n  the  c ros s ing  region.  The 

d e t e c t o r  l o c a t i o n  i s  t h a t  l a b e l l e d  "downstream" i n  Fig. 11.24. 

The B-function chosen implies  a  l a r g e  beam-beam tune s h i f t  
' 

30 -2 -1 
which would l i m i t  t h e  luminosi ty t o  about 10 cm sec  a s  descr ibed  

i n  Sec t ion  111.3. I f  i t  i s  assumed t h a t  t he  t o t a l  acceptance would 

only be 10% ( s o l i d  angle l o s s ,  deadtime, packing f r a c t i o n  of de tec-  
G 

t o r s ,  e t c . )  then one would s t i l l  be a b l e  t o  c o l l e c t  10 events  i n  
2 1 

40 hours o f  running f o r  a  luminosi ty of only  cm sec  . Thii 

i s  more than an adequate sample t o  measure p t o  s e v e r a l  percent  a L  

one value of  s .  

These measurements would be c a r r i e d  ou t  a s  a  funct ion  of s 
2 

down t o  s  = 3600 GeV where they. would over lap  the ISR experiments. 

As the  momentum of t he  ISABELLE beams i s  decreased,  t he  maximum 

value of I tl which can be reached by the  d e t e c t o r  described above, 



DOWNSTREAM 

METERS FROM INTERACTION POINT 

F i g .  11.24. Experimental arrangement for the Coulomb-nuclear 
interference experiment (Marx 1975) .  



decreases .  The a p e r t u r e  of Q2 l i m i t s  1 t lmax t o  1.0 X (GeV/c) 
2 

2 
a t  30 (GeV/c) bu t  i f  a  second upstream d e t e c t o r  i s  placed 30 m from 

t h e  c ros s ing  po in t  and w i t h i n  3 cm of t h e  beam, a s  shown i n  Fig. 11.24, 

t hen  t h e  coverage i n  It 1 would be  extended much h igher .  For beam 

momenta between 30 and 400 GeV/c p a r t  of t h e  It( range w i l l  b e  covered 

by t h e  upstream d e t e c t o r ,  and p a r t  w i l l  b e  covered by t h e  downstream 

d e t e c t o r .  

E l a s t i c  Cross Sec t ion  t o  "Moderate" t 

A t  va lues  of I tl l a r g e r  than  the  Coulomb reg ion ,  t h e  e l a s t i c  

s c a t t e r i n g  c r o s s  s e c t i o n  i l l u s t r a t e s  t he  c l a r i f i c a t i o n  revea led  by 

going t o  h igh  ene rg i e s ,  Fig.  11.16. 

From t h e  forward d i f f r a c t i v e  s lope ,b(s )  would be determined 

from the  express ion  

The ISR d a t a  i n d i c a t e  a  break o r  change of s lope  i n  t he  forward 
2 

p-p e l a s t i c  c ros s  s e c t i o n  a t  about It1 = 0.14(GeV/c) . The S-  

dependence of t h i s  phenomenon should be s tud i ed  a t  ISABELLE. From 
6 .  

a 1 t o  2 X 10 events  would be r equ i r ed  a t  s e v e r a l  s va lues .  

The s-dependence of t he  p o s i t i o n  and depth of  t he  d i p  and t h e  

he igh t  of t h e  secondary maximum should be s tud i ed .  For a  h igh  

p r e c i s i o n  s tudy  of these  phenomena lo4  events  10.1 ( ~ e v / c )  through 

the  range of t h e  d i p  would be  requi red  a t  each s. 

The measurement of e l a s t i c  s c a t t e r i n g  a t  small  and in t e rmed ia t e  

va lues  of I tl would be c a r r i e d  o u t  i n  t he  appara tus  shown i n  Fig. 

11.25 (Ede l s t e in  1975, Limon 1976 and Chang 1977). The magnets 

needed f o r  e l a s t i c  s c a t t e r i n g  a r e  0.8 x 0.8 m2 a p e r t u r e  wi th  30 kG 

m f i e l d  i n t e g r a l .  Large superconducting d ipo le s  a r e  probably 

requi red .  One could,  however, accomplish a l l  bu t  t h e  very h igh  1 tl 
measurements w i th  convent iona l  48D48 magnets by shimming t h e  gap 

f o r  t h e  h ighes t  s and running a t  d i f f e r e n t  f i e l d s  f o r  each s. The 

compensating d i p o l e s  would be o u t s i d e  of the  appara tus  and may be  



any convenient  s i z e .  

2 
Not enough d a t a  e x i s t s  on e l a s t i c  s c a t t e r i n g  f o r  I t 1 > 5 ( G ~ v / c )  . 

ISABELLE p r e s e n t s  a  unique oppor tun i ty  t o  s tudy  t h i s  reg ion .  A 
3 2 

sample of 10 e v e n t s / ( ~ e ~ / c )  a t  s e v e r a l  va lues  of s  w i l l  be ve ry  

u se fu l .  I t  should be noted t h a t  t he  appara tus  covers  t he  range 
2 1 - 50 mrad, o r  0.001 < It1 < 2.25 ( G e ~ / c )  a t  30 x 30 GeV and 

0.111 < I t(  < 4 0 0  (GeV/c)* a t  400 x 400 GeV. The ex t en t  i n  I t(  t o  

which t he  measurements can be c a r r i e d  o u t  would depend on t he  

lagni tude of t he  e l a s t i c  s c a t t e r i n g  c r o s s  s e c t i o n ,  t he  n o n e l a s t i c  

~ackg round  and t he  u l t i m a t e  r e s o l u t i o n  of t he  d e t e c t o r s .  

I f ,  dur ing  t he  i n i t i a l  machine ope ra t i on ,  t he  use  of t he  

d ipo l e s  were n o t  pos s ib l e ,  angle-angle c o r r e l a t i o n s  would a l low 
2 

t he  e l a s t i c  c r o s s  s e c t i o n  t o  be measured out  t o  It1 = 1.5 (GeV/c) . 
This  would permit t he  s tudy  of  t he  s l o p e  of t he  d i f f r a c t i o n  peak, 

inc lud ing  t he  ques t i on  of shr inkage  and a  s ea r ch  f o r  t he  apparen t  
2 

change of s l ope  a t  It / 0.14 (GeV/c) . This s e t  up would a l s o  

y i e l d  a  t o t a l  c r o s s  s e c t i o n  measurement v i a  t he  o p t i c a l  theorem. 

The d e t e c t o r s  shown i n  F ig .  11.25 would be a  combination of  

s c i n t i l l a t i o n  counters ,  d r i f t  chambers and pos s ib ly  p ropo r t i ona l  

chambers. P ropo r t i ona l  chambers would be incorpora ted  i f  i t  i s  

necessary  t o  t o l e r a t e  very  h igh  count ing  r a t e s  a t  small  angles .  

This would be r equ i r ed ,  f o r  example, i n  a  s tudy  of double d i f f r a c t i o n  

d i s s o c i a t i o n  where t he  h ighes t  l uminos i t i e s  a r e  requi red .  I f  t h e  

system were t o  be used only  f o r  e l a s t i c  s c a t t e r i n g ,  d r i f t  chambers 

wi th  1 cm wi re  spacing would be adequate. I n  t he  forward d i r e c t i o n  

where t he  r a t e s  a r e  h igh ,  t he  c r o s s  s e c t i o n  i s  a l s o  high,  s o  a  

:duced luminos i ty  would be s u i t a b l e .  For h igher  It 1 t he  c e n t r a l  

Ldgion  of t he  :hambers would be deadened and h igher  l uminos i t i e s  

would be r equ i r ed .  The count ing  r a t e  i n  t he  d r i f t  chambers would 

be l im i t ed  by t he  chamber which i s  c l o s e s t  t o  t he  i n t e r a c t i o n  

reg ion .  S ince  t h e  r e s o l u t i o n  of  a  d r i f t  chamber v a r i e s  c l o s e l y  

wi th  d r i f t  d i s t a n c e ,  one may use a  l a r g e r  w i r e  spacing i n  t h e  r e a r  

chambers which a r e  almost twice a s  f a r  from the  i n t e r a c t i o n  r e g i o n  
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PLAN VIEW . 
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Fig. 11 .25 .  Detector arrangement for the measurement of the e l a s t i c  
cross sect ion a t  moderate 1 t \  (Edelstein 1975). 
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a s  the f ron t  chambers. With a 1 cm wire spacing i n  the f ron t  

chambers and a 2 cm wire spacing i n  the r e a r  chambers, 1400 wires 

would be required fo r  the whole system. 

Measurement of Inclus ive  Cross Sections a t  Small p~ 

One of the major challenges t o  the experimenters a t  ISABELLE 

involves the measurement of p a r t i c l e  production a t  very small 

angles and very high momenta. Since the t r a j e c t o r i e s  followed by 

these p a r t i c l e s  a r e  very c lose  t o  those of primary beam p a r t i c l e s ,  

ipecial  techniques a r e  required t o  de tec t  them. However, the g rea t  

i n t e r e s t  i n  t h i s  region, a s  discussed i n  Section 2,  demands t h a t  

a l l  e f f o r t s  be made t o  study i t .  The capab i l i ty  of varying the two 

beam energies independently should prove useful  i n  t h i s  respect  

(Pe ie r l s  1975). 

A very i n t e r e s t i n g  approach was suggested i n  the 1975 ISABELLE 

Summer Study (Chang 1975). Septum magnets c lose  t o  the vacuum pipe 

would be used t o  bend p a r t i c l e s  t o  a pivot magnet, which would 

d e f l e c t  p a r t i c l e s  to  a f ixed spectrometer t o  measure momenta and 

iden t i fy  p a r t i c l e s .  Such a system would normally be l imi ted  t o  

sca t t e r ing  angles larger  than about 5 mrad because of the need t o  

bend p a r t i c l e s  so as  to  miss the  standard quadrupoles. However, 

the approach suggested was t o  const ruct  a quadrupole with separated 

windings, as  shown schematically i n  Fig. II.26a. Here the sep ta  

would be placed downstream of Q 1  and 42. With t h i s  design, 400 GeV 

p a r t i c l e s  can be measured when produced a t  angles o'f 1 t o  8 mrad 

fo r  pos i t ive  p a r t i c l e s  and 2 t o  8 mrad f o r  negative p a r t i c l e s .  

Note tha t  t h i s  range (x 1, p~ 2 0.4 GeV/c a t  400 X 400 GeV) i s  

i r t i c u l a r l y  s u i t a b l e  fo r  inves t igat ing the t r i p l e  Regge model and 

,A, i n  f a c t ,  a t  lower p~ than measurements made t o  da te  a t  the 

CERN ISR. 

A more straightforward s i t u a t i o n  occurs a t  s l i g h t l y  l a rge r  

angles ( 2  5 mrad). A v iab le  experiment was described i n  the 1975 

ISABELLE proposal. In  t h i s  arrangement septum magnets would be 



Fig. II .26a.  Sketch o'f quadrupole magnet with s l o t  ,for secondary 
p a r t i c l e s .  
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Fig. II.26b. Experimental layout for small angle spectrometer 
(Chang 1975). The experimental h a l l  and tunnel 
are shown schematically. 



placed upstream of the  machine quadrupoles and would d e f l e c t  

p a r t i c l e s  t o  a  p ivo t  magnet, which, i n  t u r n  would d i r e c t  t h e  

p a r t i c l e s  t o  a  f i xed  spectrometer  t o  measure momenta and i d e n t i f y  

p a r t i c l e s .  

The spectrometer ,  shown i n  Fig. II .26b would be the  same f o r  

e i t h e r  of the two p o s s i b i l i t i e s  considered above. The e x c i t a t i o n  

of t he  septum magnets and t h e  p ivot  magnet de f ine  the  production 

angle and the  momentum of the  p a r t i c l e s  t ranspor ted  t o  the  spectrom- 

ster. The p ivot  magnet and spectrometer magnet a r e  of a  simple 

design.  A t  high momentum mul t ip l e  s c a t t e r i n g  i s  n e g l i g i b l e  so  

the  momentum r e s o l u t i o n  of t he  system i s  determined by the  s p a t i a l  

r e s o l u t i o n  of the  de t ec to r s .  For example, wi th  * 0.5 mm r e s o l u t i o n  

we have Ap/p --" * 0.3%. This i s  e a s i l y  achieved wi th  propor t ional  

wire  chambers; b e t t e r  r e s o l u t i o n  can be obtained wi th  d r i f t  chambers, 

i f  the  experiment demands i t .  



I I I, DESCRIPTION OF ISABELLE 
1. OVERVIEW 

The conceptual design adopted f o r  the  in te r sec t ing  s torage 

accelera tor  f a c i l i t y ,  ISABELLE, attempts t o  provide the g r e a t e s t  

performance p o t e n t i a l  consis tent  with the constr ,aint  of 

minimizing the  const ruct ion and operating cos t s .  The bas ic  

performance c r i t e r i a  fo r  pp co l l id ing  beam machines a re  the  

avai lable  energy, the  c o l l i s i o n  r a t e  (luminosity), the rad ia t ion  

background (signal-to-noise r a t i o ) ,  adequate space f o r  experi-  

mental equipment, and f l e x i b i l i t y  of the  experimental inse r t ion  

layout. Essen t i a l  t o  the LSABELLE design i s  the  appl ica t ion of 

superconducting magnets. 

The concept of co l l id ing  beams represents  the only p r a c t i c a l  

method of extending the center-of-mass energyby a s i g n i f i c a n t  s t ep  

beyond t h a t  avai lable  from e x i s t i n g  accelera tors .  ISABELLE, a s  

proposed and described i n  t h i s  sect ion,  w i l l  provide co l l id ing  

proton beams, each with a top energy of a t  l e a s t  400 GeV. In the  

center-of-mass system of the  co l l id ing  p a r t i c l e s  an energy of 

800 GeV w i l l  be avai lable  which i s  equivalent  t o  a f ixed- target  

accelera tor  with 34U,UUU GeV. Clearly,  iibr 811 signil~canc 

experiments would demand the highest  energies and, i n  fact, i t  

i s  nf considerable importance tha t  a new machine have an energy 

band which overlaps tha t  of ex i s t ing  machines. ISABELLE has been 

designed so a s  to be capable of covering the e n t i r e  energy range 

from 60 GeV ava i l ab le  a t  the CERN ISR to  ,800 GeV i n  the center-  

of-mass system with high c o l l i s i o n  r a t e s .  

Luminosity is ,  i n  c o l l i d i n g  beam devices,  the  machine param- 

e t e r  which determines the c o l l i s i o n  ra te .  The design of 
3 2 

ISABELLE foresees luminosit ies a t  each crossing region from 10 
-2 -1 

to  cm sec over the e n t i r e  energy range. With the t o t a l  
-2 -1 

pp c ross  sect ion of about 40 mb, a luminosity of cm sec 



r e s u l t s  i n  an in te rac t ion  r a t e  of 40 MHz a t  each cross ing point. 

The t o t a l  p a r t i c l e  production r a t e  is higher due t o  the  mlti-  

p l i c i t y  per in te rac t ion ;  a t  the top energy it i s  estimated t o  be 

about 1 b i l l i o n  p a r t i c l e s  per second. 

The proposed f a c i l i t y  would cons i s t  of two inter laced magnet 

r ings  providing the bending and focusing f i e l d s  f o r  the  counter 

r o t a t i n g  proton beams. The two r ings  a r e  magnetically un- 

coupled t o  allow operation wi th  unequal energies i n  the  r ings.  

3 e  configuration of ISABELLE is e s s e n t i a l l y  a c i r c l e  broken by 

six symmetrically placed inse r t ions  where the  beam l i n e s  cross.  

The circumference of each r ing  is  3834 m, exact ly  4-314 times 

t h e  circumference of the  AGS. About one quar ter  of the  circum- 

ference is  contained i n  the  s i x  inse r t ions ,  each of 164 m 

length. The beams cross  hor izonta l ly  a t  the  center  of the 

s t r a i g h t  sections.  A l i n e  drawing of the  ISABELLE r ings  depict-  

ing  the  geometrical r e la t ionsh ip  t o  the  AGS in jec to r ,  the  beam 

t r a n s f e r  l ines ,  the  experimental h a l l s  and service  buildings is 

shown i n  Fig. 111.1. This locat ion was chosen i n  order t o  take 

advantage of the  ex i s t ing  ex te rna l  proton beam l i n e  t o  the  7 foo t  

bubble chamber. The t e r r a i n  t o  the  north of the  AGS i s  adequate 

i n  s i z e  t o  accommodate the  ISABEXLE r ings  with s u f f i c i e n t  distances 

t o  the s i t e  boundaries and the  North e x i t  road of the Laboratory. 

The two magnet r ings  a r e  located s ide  by s i d e  i n  a Common 

tunnel. The r ing  separation i s  94 cm from magnet center  to  

magnet center.  The cross sect ion of the  tunnel i s  shown i n  

Figure 111.2. The c i r c u l a r  tunnel s t r u c t u r e  has a width of 

, 6  m and is  3.1 m high. The tunnel w i l l  be covered with 4 m of 

- m d  f o r  rad ia t ion  shielding. I n  addit ion,  the  f a c i l i t y  is  

placed f a r  enough from the  s i t e  boundaries t o  permit adequate 

muon shielding.  



ISABELLE 
400 x 400 GeV 

Fig. 111.1. Plan view of the ISABELLE ring showing the AGS as the 
injector. The experimental ha l l s  are designated by 
their "hand of clock" position around the ring. 
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Fig. 111.2. Cross section of the ISABELLE tunnel (dimensions in  meters). 



Performing experiments on a storage r i n g  must take i n t o  

account the c lose  in te r re la t ionsh ip  between the  design of each 

experiment and the  cons t ra in t s  imposed by t h e  machine. Of 

paramount concern t o  the  experimenter i s  the length of the  f r e e  

space around the  crossing point  avai lable  f o r  t h e  p a r t i c l e  detect -  

ing'apparatus.  The standard inse r t ions  a t  ISABELLE provide 60 m 

f r e e  space between t h e  neares t  quadrupoles. Inherent i n  t h e  

experimental i n s e r t i o n  design is a considerable f l e x i b i l i t y  i n  

changing t h e  beam op t ics  i n  order t o  accommodate d i f f e r e n t  

experimental requirements. The concept of using only matched 

inse r t ions  i n  a separated function l a t t i c e  provides the  possi- 

b i l i t y  of varying the  beta-function a t  the  crossing point. How- 

ever, it was thought prudent t o  r e t a i n  i n i t i a l l y  the  option of 

operating wi th  quasi-six-fold symmetry. The standard inse r t ion  * 
i s  characterized by a v e r t i c a l  p, = 7.5 m a t  the  cross ing point .  

* 
The law-beta i n s e r t i o n  with = 2 m, allawing a doubling of 

luminosity, i s  obtained by modifying the  focusing s t reng th  of the  

inse r t ion  quadrupoles without geometrical changes. A s imi la r  

approach could be used i n  a high-beta i n s e r t i o n  t o  achieve an 

angular reso lu t ion  of about 10 prad. The highest  luminosity w i l l  

be achieved by reducing the cross ing angle through the  addi t ion 

of four dipol,es, common t o  both r ings ,  i n  the  low-beta inser t ion.  

A similar magnet configuration may be used t o  increase the  cross- 

ing angle i n  the  small-diamond inser t ion.  

The AGS w i l l  serve as i n j e c t o r  of 30 GeV protons f o r  

ISABELLE. I n  t h i s  mode of operation, the  AGS would be tuned fo r  

the  g rea tes t  beam brightness,  which is  achieved by operating a t  

lower than peak in tens i ty .  I n  order t o  accumulate the  design 

current  of 8 A i n  each r ing,  about 300 AGS pulses of 2.7 x 10 
12 

protons w i l l  be stacked i n  momentum space. F i l l i n g  of one r ing  

i s  estimated t o  take a minimum of 15 minutes. Pr iur  tu accelera t ion 



t h e  s tacked beam w i l l  be rebunched on. t he  t h i r d  harmonic. The 

a c c e l e r a t i o n  c y c l e  w i l l  take about 4 minutes. The requi red  peak 

r f  vo l t age  of  48 kV pe r  r i n g  w i l l  be. provided by fou r  f e r r i t e -  

loaded c a v i t i e s .  A f t e r  a c c e l e r a t i o n ,  beams w i l l  normally be  de- 

bunched f o r  c o l l i s i o n s .  A t  t h e  end of the  u s e f u l  l i f e t i m e  o f  t h e  

s to red  beams, which i s  expected t o  be t y p i c a l l y  one day, t h e  beams 

w i l l  be ex t r ac t ed  by means of a f a s t  p r o t e c t i v e  beam dump system 

i n t o  an . e x t e r n a l  beam dump. An i n t e r n a l  absorber  w i l l  be, a v a i l a b l e  

fo r  redundancy t o  provide added. p r o t e c t i o n  f o r  r i n g  hardware and 

nagnets, 

The ISABELLE magnet system w i l l  be  superconducting because 

of  t.he enhanced performance c a p a b i l i t y  and reduced e l e c t r i c  

power consumption made p o s s i b l e  by t h i s  approach. The r e g u l a r  

l a t t i c e  s t r u c t u r e  assumes d i p o l e  magnets which a r e  4-314 m i n  

length  and ope ra t e  a t  about  50 kG t o  achieve  400 GeV beam energy. 

The r e g u l a r  quadrupole magnets a r e  about  1-213 m i n  length ,  and 

would ope ra t e  wi th  a  g rad i en t  of 6 .1  k ~ / c m .  There w i l l  be a  

t o t a l  o f  732 d ipo le s  and 352 quadrupoles i n  t he  two r ings .  The 

magnet design i s  based on a  s i n g l e - l a y e r  cos ine  c o i l  arrangement 

w i th  a  co ld  i r o n  co re  t o  provide t h e  mechanical support  requi red  

f o r  s t a b l e  opera t ion .  The superconducting c o i l s  a r e  wound wi th  a  

conductor  braided from niobium-titanium wi re s  which c a r r i e s  about  

4 kA a t  50 kG. The des ign  ope ra t ing  temperature f o r  t h e  super-  

conducting magnets i s  3.8 K. Cooking of t h e  magnets i s  achieved 

by forced c i r c u l a t i o n  o f  s u p e r c r i t i c a l  helium. S u p e r c r i t i c a l  

helium i s  a s ingle-phase  gas w i th  high d e n s i t y  and extremely low 

v i s c o s i t y ,  which make i t  an e x c e l l e n t  h e a t  t r a n s f e r  medium. 

l e  est imated s t e a d y - s t a t e  h e a t  load a t  3.8 K i s  13 kW, which 

w i l l  be  removed by a s i n g l e  19 kW r e f r i g e r a t o r .  Cooldown of  t he  

e n t i r e  magnet system i s  expected t o  take  about  2 weeks. 



The achievement of  ultrahigh-vacuum condi t ions  i n  the  beam 

tube i s  e s s e n t i a l  t o  maintaining t h e  long l i f e t i m e ,  low) beam 

l o s s e s ,  and small  a s soc ia t ed  r a d i a t i o n  background which i s  

requi red  i n  a  c o l l i d i n g  beam device. The design c a l l s  f o r  a  
-11 

hydrogen p re s su re  of l e s s  than 3 x 10 Torr i n  t he  l a t t i c e  

s e c t i o n s  of  the  r i n g  and lower i n  t he  experimental i n s e r t i o n s .  

The 8.8 cm i .d .  s t a i n l e s s  s t e e l  vacuum chamber w i l l  be a t  room 

temperature. Proper su r f ace  treatments  p r i o r  t o  i n s t a l l a t i o n  

\ toge ther  wi th  the  p o s s i b i l i t y  f o r  a  300° C i n  s i t u  bakeout 

a s su res  t h a t  the  vacuum s p e c i f i c a t i o n s  w i l l  be met. 

A more d e t a i l e d  d i scuss ion  of the  a c c e l e r a t o r  subsystems 

i s  covered i n  the fol lowing sec t ions .  A l i s t  of t h e  main param: 

e t e r s  of ISABELLE i s  given i n  the  Appendix. 



2 .  R I N G  MAGNET S T R U C T U R E  AND L A T T I C E  C H A R A C T E R I S T I C S  

The separa ted  func t ion  l a t t i c e  s t r u c t u r e  i n i t i a l l y  w i l l  have 

quas i - s ix- fo ld  symmetry. The main po r t i on  of  t he  bending i s  done 

i n  54 r egu la r  FODO c e l l s ,  9  pe r  s e x t a n t ,  wi th  6  bending magnets 

pe r  c e l l .  The magnet layout  f o r  a  ha l f - s ex t an t  i s  sketched i n  

Fig.  111.3. A small  p a r t  of t he  bending i s  performed by t h e  1% 

modified c e l l s  on e i t h e r  s i d e  of  the  i n s e r t i o n .  These c e l l s  

( "d ispers ion  matching sec t ions")  a r e  designed t o  b r i n g  the  two 

beams toge ther  a t  t he  c ros s ing  po in t  with a  c ros s ing  ang le  of  

9.4 mrad, and, t o  b r ing  the  d i spe r s ion  func t ion  t o  zero i n  t he  

c e n t r a l  p a r t  o f  t h e  i n s e r t i o n .  This i s  accomplished by having 

only t h r e e  r egu la r  bending magnets i n  these  1% modified c e l l s  ( i n -  

s t ead  of n ine ) ,  p lu s  one s h o r t e r  bending magnet, 2.5 m long, i n  t h e  

ou t e r  a r c .  The matching c e l l s  have the  same focus ing  s t r u c t u r e  a s  

t h e  r e g u l a r  c e l l s  except  f o r  a  s l i g h t  i nc rease  i n  length  (0.5 m). 

A l i s t  of t h e  ISABELLE l a t t i c e  parameters i s  given i n  Table I. . 

The spacing of t he  magnet elements i n  t he  i n s e r t i o n s ,  

i nc lud ing  t h e  ad j acen t  modiried bending c e l l s ,  a r e  shown i n  

Fig.  111.4. Between the  c o l l i s i o n  p o i n t s  and the  matching c e l l s  

two quadrupole double ts  41 ,  42 ,  43 and 44 match the  beam o p t i c s  
-9- 

t o  t h a t  of the  r e g u l a r  c e l l s  w i th  amplitude func t ions  B'' = 30 m y  
A- h 

Bv = 7.5 m a t  t he  c ros s ing  po in t .  The 41-42 p a i r s  i n  t he  two 

i n t e r s e c t i n g  beams a r e  s taggered  i n  l o c a t i o n ,  wi th  30 m from the  

c ros s ing  po in t  t o  Q 1  i n  t h e  o u t e r  a r c  and 33 m i n  the  i nne r  a r c ;  

fol lowing these  double ts  t h e r e  a r e  a d d i t i o n a l  f r e e  spaces of  42 

and 36 m ,  r e s p e c t i v e l y ,  between quadrupole 4 2  and 43,  which a r e  

~ l s o  a v a i l a b l e  t o  some ex t en t  f o r  experimental  appara tus .  The 

quadrupole 43,  fur thermore,  i s  redundant i n  the  s tandard  conf ig-  

u r a t i o n  and has been l e f t  out  ( lengthening the  f r e e  spaces t o  

46 and 40 m), bu t  i t  i s  requi red  i n  t he  "low beta" and "high be ta"  

con£ i g u r a t i o n s  d iscussed  below. Some of t he se  s t r a i g h t  s e c t i o n s  

w i l l  a l s o  be  used f o r  equipment needed f o r  var ious  machine 

func t ions ;  i n  p a r t i c u l a r ,  i n j e c t i o n ,  e j e c t i o n ,  r f  systems and 

s p e c i a l  beam d iagnos t i c s .  The ampli tude and h o r i z o n t a l  d i s p e r s i o n  
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Fig. 111.3. ?ortion of the ISABELLE half  sextant, showing the insert ion 
magnets and one regular l a t t i c e  bending eel:. An experimental 
2 a l l  and the stairwells  for tunnel acces;; ere shown. Additiona 
space i s  provided for power supplies and other equipment. 
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F i g .  111.4. Magnet elements for the standard insert ion shown in  their  r e l a t i v e  posit ions.  



Table 1. L a t t i c e  Parameters 

Dipole magnetic f i e l d  (400 GeV) 49.85 kG 

Quadrupole g r a d i e n t  ( c e l l s ,  400 GeV) 6.06 k ~ / c m  

Circumference (4-3/4 CAGS) 3833.8 m 

Regular c e l l s  (no. x l ength)  54 x 39.5 rn 

Dispersion matching s e c t i o n s  (no. X l ength)  12 x 59.6 m 

I n s e r t i o n s  (no. x l ength)  6 X 164.3 m 

Hor izonta l  beam s e p a r a t i o n  i n  a r c s  

Minimum beam s e p a r a t i o n  (QFI-QFO) 

Regular c e l l  l ength  - i nne r  a r c  

Regular c e l l  l ength  - ou te r  a r c  

Average r ad ius  of  curved a r c  

Magnetic r ad ius  of cu rva tu re  

Average machine r a d i u s  

Tune (vh = vv) 

Working l i n e  tune spread (av 
h  

= Avv) 

Trans i t  ion energy, tr 19.11 

Frequency s l i p  f a c t o r ,  'Jl ( i n j e c t i o n )  i -72 x 1 0 ' ~  

Hor izonta l  ampli tude func t ion ,  c e l l  (Pmax, Pmin) 67.1, 11.1 m 

V e r t i c a l  ampli tude func t ion ,  c e l l  (Bmax, P . ) mln 67.3, 11.3 m 

Dispersion func t ion ,  X 
(Xp,max* p,min ) 2.64, 1.26 m 

Phase Advance, c e l l  (h,v) 92.9 ' 91.3 deg 

Natura l  l a t t i c e  l i n e a r  chromat ic i ty  
(no sextupole  c o r r e c  tgon) 

Operat ing chroma t i c i t y  - (Xh - Xv, f u l l  c o a s t i n g  s t ack ,  29.4 GeV) 

func t ions  f o r  the  s tandard  and low-beta' con f igu ra t ion  a r e  shown i n  

Fig.  111.5. 

The h o r i z o n t a l  s epa ra t i on  of t h e  beams be fo re  being brought 

toge ther  i s  94 cm, provid ing  more than s u f f i c i e n t  space t o  accorn- 
I 

modate s e p a r a t e  dewars f o r  i nd iv idua l  i nne r  and o u t e r  a r c  magnets. 

The d i s t a n c e  between the  two beams i s  reduced t o  82 cm a t  t he  

l oca t ion  of  quadrupoles QFi-QFO i n  t h e  matching sec t ions .  This i s  
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Fig. 111.5. ISABELLE amplitude and dispersion functions (%, Bv and X ) 
for the outer arc o f  the rings.  The functions for the 
inner arc are e s s e n t i a l l y  the same: 



t h e  minimum d i s t a n c e  encountered by " p a r a l l e l "  magnets a s  the  beams 

a r e  made t o  converge towards each o the r .  The 41-42 quadrupole 

l o c a t i o n s  a r e  s taggered so  t h a t  t h e  quadrupole u n i t s  of  t he  i nne r  

a r c  f i t  between those  of t h e  o u t e r  a r c ,  and v i ce  versa  (Fig.  111.4). 

Therefore,  t h e r e  i s  enough space between t h e  i nne r  and ou te r  beam 

a s  long a s  t he se  quadrupoles and t h e i r  v e s s e l s  have a  diameter of 

n o t  more than about 48 cm. The o t h e r  magnets i n  t h e  i n s e r t i o n  

a r e  i n  v e s s e l s  of 75 cm diameter ,  t h e  same a s  t h e  r e g u l a r  c e l l  

magnets, which leaves  adequate space f o r  t he  s e p a r a t e  beams. 

The quadrupoles 41, 42 and 44 a l l  have the  same g rad i en t  

(6.06 kG/cm) a s  those  i n  t h e  r e g u l a r  l a t t i c e  c e l l  s o  t h a t  they 

can b e  powered i n  s e r i e s  wi th  t h e  main l a t t i c e  magnets, except  f o r  

trimming adjustments  a s  d iscussed  i n  s e c t i o n  111.5. 

The b e t a t r o n  matching can only  be  achieved a t  one c e n t r a l  

momentum. For o f f  -momentum p a r t i c l e s ,  a  mismatch r e s u l t s  

(Month 1972, Garren 1975, Chasman 1975, Au t in  1975, Donald 1975, 

and Edwards 1975a). The primary e f f e c t  on o f f  -momentum p a r t i c l e s  

i s  t h e  tune s h i f t  due t o  t h e  n a t u r a l  l a t t i c e  chromat ic i ty .  However, 

by in t roduc ing  h igher  order  mu l t i po l e s  i n t o  t he  magnetic f i e l d ,  

. t h e  tune v a r i a t i o n  wi th  momentum can be  removed. S ince  f o r  

t r ansve r se  beam s t a b i l i t y  t h e r e  m ~ . s t  be a  r e s i d u a l  tune v a r i a t i o n  

wi th  momentum, i . e . ,  a  working l i n e ,  t he se  mu l t i po l e s  provide t h e  

necessary  c o n t r o l  of  i t s  shape ( ~ o n t h  i973, Z o t t e r  1972). On the  

o t h e r  hand, the  @-funct ion mismatch i s  no t  e l imina ted .  I n  t he  

s tandard  i n s e r t i o n  con f igu ra t ion ,  where t h e  maximum values  of t h e  

ampli tude o r  s t r u c t u r e  func t ion  a r e  B = 150 m f o r  v e r t i c a l  
v,mL1:1 

and @ = 180 m f o r  h o r i z o n t a l  dimensions r e s p e c t i v e l y ,  we p l o t  h,max 
i n  Fig.  I I I . 6 a  t he  v a r i a t i o n  of  fl wi th  momentum a t  t h e  c ros s ing  

po in t .  This  v a r i a t i o n  i s  t y p i c a l  of  t h e  maximum v a r i a t i o n  around 

the  r i ng .  



Fig. III .6a.  5 variation across the momentum aperture a t  the 
crossing point for  the standard l a t t i c e  configuration. 

Fig. I I I .6b .  
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B variation across the momentum aperture a t  the . 
crossing point for the high luminosity configuration. 



The p a r t i c u l a r  focusing arrangement i n  the i n s e r t i o n s  al lows 

changeovers from the  standard i n t o  the  low-B .and high-beta configu- 

r a t i o n  s o l e l y  by quadrupole tuning without  t he  need f o r  quadrupole 

movements. The requi red  quadrupole s e t t i n g s  a r e  l i s t e d  i n  Table 2  

and the  r e s u l t i n g  amplitude funct ions  a r e  shown i n  Fig.  111.5. In  * 
t he  low-B con£ igu ra t ion ,  a  Bv = 2 m can be achieved r e s u l t i n g  

i n  a  maximum v e r t i c a l  B-value of  550 m a t  the  i n s e r t i o n  quadrupoles. 
* * - I n  the  high-B configuratoon,  a  Bh - Bv = 100 m i s  obtained.  To 

maintain the  same o v e r a l l  tunes i n  the  low and high-beta configu- 

r a t i o n s  a s  i n  t he  s tandard  one, the  r egu la r  c e l l  quadrupoles have tc 

be retuned s l i g h t l y ,  a s  shown i n  Table 2 .  

Table 2. Quadrupole S e t t i n g s  f o r  I n s e r t i o n  Tuning 

Gradient (k~ /cm)  Magnetic 
Element Standard low-8 high-B length  (m) 

QF ( c e l l  quad) 6.06 6.05 6.11 1.66 

QD ( c e l l  quad) - 6.06 - 6.08 - 6.11 1.64 

44 (outer  a r c )  - 6.06 - 1.66 - 6.67 1.15 
44 ( inne r  a r c )  - 6.06 + 0.22 - 5.56 0.93 

43  (outer  a r c )  0  - 0.90 - 0.87 2.00 
43 ( inner  a r c )  0 .  - 1.46 - 0.42 2.00 

Q2 (ou te r  a r c )  6.06 6.27 4.74 2.09 
42 ( inne r  a r c )  6.06 6.30 4.40 2.12 

Q1 (outer  a r c )  - 6.06 - 6.21 - 4.28 2.24 
Q1 ( inne r  a r c )  - 6.06 - 6.39 - 3.56 2.13 

The impact of  breaking the  s ix - fo ld  symmetry by the  inc lus ion  

of  low-$ i n s e r t i o n s  can be seen  i n  p l o t s  of t he  v e r t i c a l  p-function 

wi th  momentum. The momentum v a r i a t i o n  of t he  ho r i zon ta l  p-functiol 

i s  no t  s i g n i f i c a n t l y  a l t e r e d .  The e f f e c t  o f  i n s e r t i n g  a  high-$ 

conf igu ra t ion  i s  smal l  and can be  e s s e n t i a l l y  ignored. The impact 

of breaking symmetry on the  $-function mismatch can be seen i n  

Fig. 111.6, where we c o n t r a s t  the  two cases  o f  s tandard ,  and low-8 

i n s e r t i o n  (Garren 1975). 



The v a r i a t i o n  of B versus  momentum shown i n  Fig.  111.6 was 

c a l c u l a t e d  wi th  the  c e n t r a l  momentum chromat ic i ty  (both v e r t i c a l  

and ho r i zon ta l )  s e t  t o  +2 wi th  two independent s e t s  of sextupoles ,  

one family loca ted  i n  t he  bending magnets n e a r e s t  t o  t he  horizon- 

t a l l y  focusing quadrupoles, t h e  o the r  i n  those n e a r e s t  t o  t h e  

v e r t i c a l l y  focusing quadrupoles. A t  p r e sen t ,  t h e r e  a r e  no p l ans  

t o  in t roduce  a more e l abora t e  sextupole  system t o  a t tempt  t o  reduce 

t h i s  B-variat ion,  al though i n  p r i n c i p l e  t h i s  could be achieved 

:Wiedemann, 1976). The primary reason i s  t h a t  the  inc rease  i n  t he  

lzimuthal harmonic s t r u c t u r e  of  the  sextupole  d i s t r i b u t i o n  would 

cause an inc rease  i n  the  s t r e n g t h  of  t he  3rd order  resonances 

which could r e s u l t  i n  growth o f  the  beam s i z e .  

ISABELLE i s  designed t o  a l low ope ra t ion  wi th  a  symmetry i n  

t h e  focusing s t r u c t b r e  o f  almost 6. The symmetry breaking which 

r e s u l t s  from the  d i f f e r e n c e  i n  i nne r  and ou te r  a r c  conf igu ra t ions  

i s  i n s i g n i f i c a n t .  The working l i n e  w i l l  c o n s i s t  o f  a  s t r a i g h t  

l i n e  along the  main diagonal  i n  the  ( v  v ) plane  of length  h' v  
A V  = 0.02 t o  provide s u f f i c i e n t  Landau damping of  t r ansve r se  

r e s i s t i v e  wa l l  i n s t a b i l i t i e s  and w i l l  be  centered  around 

v = v = 22.62. With our choice  of  tunes,  s t r u c t u r e  o r  s t rong  . h v 
resonances up t o  very high order  can be  avoided; t he  c l o s e s t  i s  

t h e  4 t h  order  s t r u c t u r e  resonance a't 22.5. I n  p a r t i c u l a r ,  t h e  

opera t ing  region  i s  we l l  removed from a l l  t h e  s t r u c t u r e  resonances 

exc i t ed  by the  chromat ic i ty  c o r r e c t i n g  sextupoles.  S ince  t h e  

beam-beam i n t e r a c t i o n  i n  the  s tandard l a t t i c e  con£ igu ra t ion  a l s o  

has  a symmetry o f  6 ,  t h e  low order  s t r u c t u r e  resonances (i.e., 

+he even-ordered resonances) a r e  aga in  wel l  removed, the  

Losest being the  4 t h  order  resonance a t  v = 22.5. 



3.  PERFORMANCE 

The b a s i c  ISABELLE des ign  draws extens ive ly  upon the  exper i -  

ence acquired a t  the  only e x i s t i n g  s e t  o f  p-p s to rage  r i n g s ,  t he  

CERN ISR. With t h i s  information,  ISABELLE has been designed t o  

have a n  improved performance p o t e n t i a l .  (1) By a c c e l e r a t i n g  the  

pro tons ,  ISABELLE provides pp c o l l i s i o n s  over  a  l a r g e  range of  

center-of-mass ene rg ie s ,  60 GeV t o  800 GeV, a s  we l l  a s  al lowing 

independent energy s e t t i n g s  i n  each beam from 30 GeV t o  400 GeV. 

(2) With i t s  small  c ros s ing  ang le  and low-B c h a r a c t e r i s t i c s ,  

ISABELLE can reach luminos i t i e s  h igher  by a f a c t o r  of 20 
-2 -1 

ISR, about cm sec  wi th  s u b s t a n t i a l l y  smal le r  c i r c u l a t i n g  

beam c u r r e n t s ,  I = 8 A.  (3)   he use  of matched Inserrions allows 

t he  des ign  o f  a  s t a b l e  l a t t i c e  ( s t a b l e  over  a  s u f f i c i e n t  momentum 

ape r tu re )  which has a  long magnet-free s t r a i g h t  s e c t i o n  around 

the  c e n t r a l  c o l l i s i o n  po in t .  I n  t he  s tandard ISABELLE i n s e r t i o n  

des ign ,  f 30 m can be  used f o r  experimental de t ec t ion  and 

measurement apparatus.  

The performance c h a r a c t e r i s t i c s  of  ISABELLE a r e  given i n  

Table 3 (Hahn 1977). S t a r t i n g  from t h e  standard quadrupole con- 
-2 -1 

f i g u r a t i o n  g iv ing  a luminosi ty a t  h igh  energy of 2 .3  x cm sec  

a d d i t i o n  of  a  second quadrupole 43 t o  the  v e r t i c a l l y  focusing 44 

a t  t h e  en t rance  t o  t he  i n s e r t i o n  leads  s t r a igh t fo rward ly  t o  t he  
32 -2 -1 

low-8 conf igura t ion ,  with a  luminosi ty of 4.3 x 10 cm see . TO 
-2 -1 

reach the des ign  luminosi ty of cm e c  , l a r g e  a p e r t u r e  bend- 

ing  magnets-are requi red  t o  reduce the  c ros s ing  angle  from i t s  

standard va lue  of 9.4 mrad to  4 mrad. The space needed f o r  t hese  

bending magnets reduces the  amount of  magnet-free reg ion  around 

the  c o l l i s i o n  po in t  from f 30 m t o  about f 15 m. The requi red  

a p e r t u r e  i n  these  bending magnets depends on j u s t  how much f r e e  

space we a r e  w i l l i n g  t o  s a c r i f i c e  and could be a s  l a r g e  a s  25-30 cm. 

The performance c h a r a c t e r i s t i c s  of a  "small-diamond" i n s e r t i o n  a r e  

a l s o  l i s t e d  i n  Table 3 .  I n  t h i s  case ,  l a r g e  ape r tu re  bending 

magnets a r e  requi red  t o  i nc rease  the  c ros s ing  ang le  t o  35 mrad. 



TABLE 3. ISABELLE Performance 

Small High 
Standard Low-B High - B Diamond Luminosity 

Energy (GeV) 400.0 

Current  (A) 8 
-2 -1 

Luminosity (cm sec  ) 2.3X 10 
32 

Tune S h i f t  1.75 X 

Crossing Angle (mrad) 9.8 

I Free Space (m) f 30 
U3 

% (d 30 

&ax (m) - 175 

u*, (m, r m ~ ) ~  0.21 

a: (w, r m ~ ) ~  0.42 

Aplp ( t o t a l  %) 
b 

0.1  

a ~ h e  normalized emit tances  ( e n ~ l o s i n g  95% of  the  p a r t i c l e s  i n  phase space) a r e :  Ev = Eh = 15n X rad-m. 

b ~ o  > b t a i n  the  value of Aplp a t  400 Gel1 a f a c t o r  o f ' 2  d i l u t i o n  was assumed t o  take i n t o  account rebunching, 
a c c e l e r a t i o n  and debunching,of the  ISABELLE beam. 



As i n  the high luminosi ty se tup ,  a  t r a d e o f t  between cross ing  angle  

and f r e e  space i s  requi red  t o  accomplish t h i s .  To increase  the  

c ros s ing  angle  t o  35 mrad r e s u l t s  i n  a  reduct ion  of the f r e e  space 

around the  c o l l i s i o n  poin t  t o  * 3 m. Poss ib l e  bending configura-  

t i o n s  g iv ing  the  requi red  4  mrad and 35 mrad cross ing  angles  f o r  

the  high luminosi ty and small  diamond arrangements r e spec t ive ly  

a r e  i l l u s t r a t e d  i n  Fig. 111.7. 

ISABELLE performance i s  predica ted  on the  choice of c ross ing  

ang le  and s t a c k  cu r ren t .  The s i g n i f i c a n c e  of these  parameters 

i s  r e f l e c t e d '  i n  t he  beam-beam tune s h i f t  which they produce under 

var ious  condi t ions .  Since the  beam-beam tune s h i f t  i s  a  measure 

of t he  s t r e n g t h  of the  beam-beam i n t e r a c t i o n  and i s  p o s i t i v e l y  

c o r r e l a t e d  wi th  r a d i a t i o n  background i n  the  experimental a r eas ,  i t  

was d e l i b e r a t e l y  chosen t o  have small  value.  For example, the  
-4 

low-8 conf igu ra t ion  has AV % 9 X 10 , only about a  f a c t o r  of 3 

l a r g e r  than a t  t he  ISR. However, t he  beam-beam tune s h i f t  a lone 

does not s u f f i c i e n t l y  desc r ibe  the  i n t e r a c t i o n  of t he  two beams. 

Rather ,  i t  i s  t he  d i f f i c u l t y  of beam alignment a t  t h e  c o l l i s i o n  

po in t  which i s  expected t o  be the  dominant reason fo r  beam-beam 

resonance exc i f a t ion .  I n  ISABELLE, j u s t  as  a t  t he  ISR, i t  i s  the  

odd-ordered nonlinear  resonances,  exc i t ed  by random e r r o r s  i n  t he  

c losed  o r b i t  pos i t i on ing  a t  t he  c o l l i s i o n  poin t  which a r e  expected 

t o  be the main sources of beam l o s s  (Bryant 1974 and Henrichsen 

1974). It i s  expected, aga in  a s  a t  t he  ISR, t h a t  t h i s  beam l o s s  

w i l l  be t h e  dominant source of experimental background. It i s  

est imated t h a t ,  a t  t he  tune s h i f t  l e v e l s  proposed f o r  ISABELLE, 

acceptable  beam l o s s  r a t e s  w i l l  r e s u l t  wi th  o r b i t  c o n t r o l  a t  t h e  

c o l l i s i o n  po in t s  of  about 0 .03  mm. With the  present  design,  how- 

eve r ,  g r e a t e r  o r b i t  p rec i s ion  could al low a l a r g e r  tune s h i f t  and 

thus a  luminosi ty l a r g e r  than the  des ign  value.  

The ISABELLE ope ra t iona l  procedure maintains t he  s tandard 

s ix- fo ld  symmetry during s t ack ing  and acce l e ra t ion .  After  an 

i n i t i a l  phase where c o l l i s i o n s  take  place wi th  the  s tandard s i x -  
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Fig. 111.7. Beam trajectories  for the high luminosity and small 
diamond configurations. 



f o l d  symmetry, ISABELLE ope ra t ion  w i l l  s h i f t  t o  a  reduced symmetry 

mode. This phase w i l l  be cha rac t e r i zed  by t h e  in t roduc t ion  

of nonstandard i n s e r t i o n s  through asymmetric quadrupole tuning and 

add i t i on  of  app ropr i a t e  i n s e r t i o n  magnets. Although under such 

condi t ions  t h e  momentum a p e r t u r e  i s  reduced, t h e r e  i s  a l s o  a  

corresponding r e d u c t i o n 7 i n  the  ape r tu re  requi red  s i n c e  a substan-  

t i a l  f r a c t i o n  of  t he  a p e r t u r e  requi red  a t  i n j e c t i o n  i s  needed fo r  

the  purposes of s tacking  and bunching f o r  acce l e ra t ion .  I n  order  

t o  keep the beam-beam tune s h i f t  down during high-8 opera t ion ,  the t 

cu r r en t  w i l l  be reduced t o  about 2-4 A f o r  these  runs.  Since experj 

ments r equ i r ing  high-B a r e  genera l ly  those involving h igh  counting 

r a t e s ,  such low c u r r e n t  condi t ions  need be  employed f o r  only a small 

f r a c t i o n  of t he  t o t a l  ISABELLE running time. 



4 BEAM TRANSFER, STACKING, ACCELERATION 
AND PROTECTIVE EXTRACTION 

Introduction 

The design current  of 8 A i s  b u i l t  up by t r ans fe r r ing  the 

charge from the  AGS r e p e t i t i v e l y  i n t o  the s torage r ings.  A beam 

stacking method s imi la r  to  t h a t  used a t  the ISR has been adopted. 

It uses a reduced AGS i n t e n s i t y  so t h a t  excessive phase space 

d i l u t i o n  can be avoided i n  the AGS. This makes poss ible  the  

re ten t ion  of high phase space densi ty  i n  the i n j e c t i o n  and stacking 

process and permits s i g n i f i c a n t  scraping of the beam during the 

stacking process. The l a t t e r  i s  e s s e n t i a l  i n  obtaining c lean beam 

s tacks  f o r  co l l id ing  beam operation.  Using synchronous bunched 

beam t rans fe r ,  the beam i s  in jec ted  onto the in jec t ion  o r b i t  and 

slowly accelera ted  i n t o  the  previously es tabl ished debunched beam 

stack.  On completion of the stacking process the beam i s  centered 

i n  the chamber and rebunched i n t o  th ree  beam bunches f o r  acce le r -  

a t i o n  to  the u l t imate  c o l l i d i n g  beam energy. A t  the desired 

energy l eve l  the beam i s  allowed to  debunch again and brought i n t o  , 

c o l l i s i o n  with the beam i n  the second r ing  i n  the center  of the 

i n t e r a c t i o n  regions. P ro tec t ive  f a s  t beam ex t rac t ion  systems have 

been incorporated i n  the  design. They permit s a f e  d isposal  of the  

energet ic  teams i n  external  beam dumps. This w i l l  prevent ser ious  

component damage which would r e s u l t  i f  the beam, with i t s  high 

s tored energy and i t s  high charge densi ty ,  accidenta l ly  were t o  

h i t  the vacuum envelope o r  the superconducting magnet environment. 

' e m  Transfer from the  AtiS 

The desired reduction of the  AGS beam i n t e n s i t y  i s  achieved 

by changing the mul t i turn  i n j e c t i o n  i n t o  the AGS from the  200 MeV 

l i n e a r  acce le ra to r  to  one-turn f a s t  in jec t ion .  In jec t ing  i n  t h i s  

manner and using a l inac  beam i n t e n s i t y  of 114 mA w i l l  r e s u l t  i n  a 

30 GeV beam i n t e n s i t y  i n  the  AGS of 2.7 x 1012 protons. Ar t h i s  

energy the beam bunches w i l l  be shaped by reduction of the AGS 



acce le ra t ion  voltage amplitude f o r  b e t t e r  matching i n t o  the 

longi tudinal  acceptance of the  s torage r i n g  i n j e c t i o n  r f  system. 

Subsequent to  t h i s  the beam w i l l  be e jec ted from the AGS by means 

of a f a s t  bunched beam ex t rac t ion  system i n t o  the ex i s t ing  external  

proton beam t ranspor t  channel i n  the AGS nor th  area.  The beam 

t r a n s f e r  l i n e s  to  the  ISABELLE r ings  w i l l  branch off  from t h i s  

beam l i n e  through an achromatic 18 degree bending section.  

Following t h i s ,  beam t ransverse  phase space d e f i n i t i o n  i s  provided 

by 4 FODO c e l l s  incorporating a sequence of simple f ixed collimator 

A 1 degree switching magnet provides fo r  in jec t ion  i n t o  e i t h e r  of 

two 60 degree achromatic bending sect ions  p lus  s t r a i g h t  dispersion- 

f r e e  beam matching sect ions  channeling the beam e i t h e r  to  i n s e r -  

t ion  5 or  i n s e r t i o n  7. 

Since the beam t rans fe r  system 'need only be energized during 

beam s tacking operations (nominally one hour i n  a 24-hour period) 

room temperature magnets a r e  used. The overa l l  geometry of the 

AGS-ISABELLE beam t r a n s f e r  system i s  shown i n  Fig. 111.8 and the 

beam t rans fe r  parameters a r e  given i n  Table 4. 

Table 4. AGS Parameters, a s  ISABELLE In jec to r  

Energy 29.4 GeV 

~ n t e n s i  ty /pulse  2.7 x 1012 protons 

Momentum spread a t  t ransf  e r  (Aplp) fw 
l.u 10-3 

a 
Ver t i ca l  normalized t ransverse  phase space 15 TT wrad.m 

Horizontal normalized t ransverse  phase space 15 TT prad.m 

Longitudinal phase space 1.06 e~sec/bunch 

a 
Enclosing 95% of p a r t i c l e s  i n  phase space, i .e .  2.5 0 value. 

In jec t ion  

I n  order  to' preserve higher l a t t i c e  symmetry and benef i t  from 

ex i s t ing  s t r a i g h t  sec t ions ,  the  standard experimental inse r t ions  

w i l l  be used f o r  beam i n j e c t i o n  a s  shown i n  Fig. 111.9. With a 

sequence of v e r t i c a l  bending magnets, Lambertson septa ,  and a 

cur ren t  septum u n i t ,  the 30 GeV beam i s  brought i n t o  near coincidence 
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Fig. 111.8. Sketch of the beam transport system between the AGS and 
the ISABELLE rings. 
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with the i n j e c t i o n  o r b i t  i n  the f r e e  space between the quadrupole 

44 and the f i r s t  (42141) quadrupole doublet i n  the  upstream end of 

the inse r t ion .  The in jec ted  beam i s  channeled through the inse r -  

t ion  crossing domain with a maximum displacement of < 3 cm. Down- 

stream of the cross ing point  the beam passes through a t r i m  septum 

u n i t  located a t  the l a s t  i n s e r t i o n  quadrupole and i s  d i rec ted t o  the 

v e r t i c a l  i n j e c t i o n  kicker which, i n  turn ,  w i l l  deposi t  the beam on 

the i n j e c t i o n  closed o r b i t .  This kicker i s  located adjacent to  the 

hor izonta l ly  focusing quadrupole magnet of the f i r s t  normal l a t t i c e  

c e l l  where the momentum dispers ion has a maximum value. Since the 

in jec ted  beam and low momentum p a r t  of the beam s tack  a r e  separated 

i n  momentum by 1.0%, the hor izonta l  f r e e  space a t  t h i s  locat ion 

between bunched in jec ted  beam and debunched ( f u l l )  s tack i s  14.5 mm. 

This i s  adequate f o r  a t tenuat ion of the kicker s t r a y  f i e l d  below a 

magnitude of (BIB ) 5 0.3%. A s p l i t  pole,  f a s t  v e r t i c a l  de f l ec t ion  
0 

d ipole  (van Steenbergen 1975) may be used a s  in jec t ion  kicker.  

Beam Stacking 

In  the beam stacking process f i v e  groups of eleven AGS bunches 

w i l l  be synchronously t ransferred i n t o  wait ing matched buckets of 

the ISABELLE stacking r f  system. This f i l l i n g  of 55 o r  the 57 

buckets present  on the i n j e c t i o n  o r b i t  w i l l  take 4.8 sec ( a t  an 

AGS r e p e t i t i o n  period of 1.2 sec ) ,  a f t e r  which acce le ra t ion  toward 

the top of the ex i s t ing  stacked beam w i l l  begin. During the 

accelera t ion period the r f  amplitude i s  gradually reduced such 

tha t  before t ravers ing the stack the buckets a r e  t i g h t l y  f i t t e d  

around the beam bunches. Active feedback damping systems w i l l  be 

--nployed to  con t ro l  any o s c i l l a t i o n  i n . t h e  t ransverse  o r  longi-  

udinal phase planes. 

The maximum voltage of the stacking r f  system, 12 kV, w i l l  be 

used during the accumulation phase and ea r ly  acce le ra t ion  period 

which w i l l  be ~ s r  0.13 sec duration a t  a r  = sincp = 0.6. This 
S 

choice of r represents  an optimum between the c o n f l i c t i n g  



requirements  of a high s tacking  e f f i c i e n c y  and a reasonable  upper 

l i m i t  f o r  t he  impedance (Z/n) a t  microwave frequencies presented 

t o  the  beam by i t s  surroundings. The vol tage  reduct ion  w i l l  take  

=-0.27 sec whi le  t he  f i n a l  acce l e ra t ion  through t h e  s t a c k  w i l l  

take  M 4 s e c  a t  a vo l t age  t h a t  w i l l  vary from 1920 down t o  1190 V 

a s  t he  top o f  t he  s t a c k  i s  reached. The t o t a l  s t ack ing  time pe r  

c y c l e  w i l l  be  = 9.3 sec.  This w i l l  be repeated f o r  a t o t a l  o f  62 

cyc le s  u n t i l  9.65 A a r e  s tacked of which = 8 A w i l l  be w i th in  

1.00% Aplp. 

The'suggested mode of "stacking a t  the  top" w i l l  r e s u l t  i n  a 

low momentum " t a i l "  t o  the  s t ack ,  which w i l l  provide f o r  g r e a t e r  

s t a b i l i t y  a g a i n s t  any self-bunching i n  the  s tack .  The param- 

e t e r s  of t h e  s t ack ing  r f  system a r e  given i n  Table 5 and a pre-  

l iminary des ign  of  t he  4.45 MHz r f  c a v i t y  i s  given elsewhere 

(Giordano 1975). The a s soc ia t ed  low l e v e l  beam c o n t r o l  system, 

inc luding  p rov i s ions  f o r  phase lock and suppressed bucket opera-  

t i o n  w i l l  be  s i m i l a r  t o  t h a t  employed a t  t he  CERN ISR (Hansen 1971). 

Table 5. Beam Stacking 

Frequency 4.45 MHz 

Frequency range (A£ /f) 3.5 

Harmonic number 57 

Maximum r f  voltage. 12 icv 
Stacking time pe r  c y c l e  9.3 sec  

Number of s t ack ing  cyc le s  62 

Stacking du ra t ion  p e r  r i n g  (minimum) = 10  min 

S tacked c u r r e n t  wi t h  momen tum t a i l  9.6 A (7.5 x 1014 protons)  

Stacked c u r r e n t ,  a f  t e r  t a i l  c leanr~p 8 A ( 6 . 3  x 1014 protons)  

Momentum width,  f i n a l  s taclc, Aplp 1.00 % 

To prevent  t he  development of i n s t a b i l i t i e s  dur ing  the  s t ack -  

ing process and i n  the  s t a c k  a f t e r  i t  i s  formed, coupling impe- 

dances between the  beam and t h e  vacuum chamber and r f  system must 



be kept  low. The most severe  requirement e x i s t s  f o r  t he  s i n g l e  

i n j e c t e d  pu l se  whi le  being acce l e ra t ed  i n t o  the  s t ack .  To prevent  

phase space d i l u t i o n ,  the long i tud ina l  coupling impedance (Z In)  

must be kept  below about 10  R f o r  a l l  f requencies  (Schnel l  1975a). 

This  w i l l  be achieved by avoidance of  vacuum chamber envelope 

i r r e g u l a r i t i e s ,  t h e  use  of a  sho r t ing  scheme f o r  t he  gaps of  t he  

a c c e l e r a t i n g  c a v i t i e s  and standard feedback techniques f o r  t h e  

s tacking  r f  system. 

Lccelera t i o n  

I n  order  t o  a c c e l e r a t e  t he  s tacked beam, i t  w i l l  be rebunched 

by an  r f  system ope ra t ing  a t  t h e  t h i r d  harmonic of  t he  r evo lu t ion  

frequency f  = 234.5 kHz. A peak r f  vol tage  of  48 kV per  r i n g  w i l l  

be  provided by four  f e r r i t e  loaded c a v i t i e s .  These w i l l  be dr iven  

, by low output  impedance ampl i f i e r s .  The conceptual  arrangement 

of  t he  r f  low l e v e l ,  c o n t r o l  and power d r i v e  system i s  shown i n  

Fig.  111.10. The ampl i f i e r s  must be capable of providing l a r g e  

amounts of r e a c t i v e  power to  compensate f o r  beam loading. I n  

order  t o  prevent  s e l f  bunching of  t he  s tacked beam p r i o r  t o  t he  

bunching process and of t h e  debunched beam a t  maximum energy, the 

impedance t h a t  they p re sen t  t o  the  beam should be  Z/n 5 12 R 

per  cav i ty .  I n  a d d i t i o n  to  sho r t ing  t h e  four  a c c e l e r a t i n g  gaps 

during the  s t ack ing  process , they w i l l  aga in  be shor ted  a f t e r  t he  

a c c e l e r a t i n g  and debur~ching c y c l e  i s  completed. 

Adiabat ic  rebunching of  the  beam can, i n  p r i n c i p l e ,  be accom- 

p l i shed  without  phase-space d i l u t i o n  o r  l o s s  of  beam. However, 

scraping  w i l l  be employed during the  e a r l y  p a r t  of t h e  a c c e l e r a t i n g  

y c l e  t o  remove those p a r t i c l e s  p re sen t  i n  t h e  low energy t a i l  

- f  the  s tacked beam a s  they w i l l  be o u t s i d e  the  r f  buckets .  I n  

t h i s  way the  t o t a l  phase-space a rea  w i l l  be l imi t ed  t o  3760 eV-sec 

which i s  equiva lent  t o  Ap/p = 1.00% s t a c k  width. During the  e a r l y  

p a r t  of  t he  a c c e l e r a t i o n  cyc le ,  both vol tage .and s t a b l e  phase 

ang1.e a r e  programmed to  provide the  requi red  bucket a r e a  without  

exceeding a bucket f u l l  he igh t  of 1.9% i n  momentum. Above 36.4 GeV 
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the maximum r f  voltage of 48 kV can be applied,  and the s t a b l e  

phase angle w i l l  be programmed to  ensure the required bucket a rea ,  

which throughout the whole cycle  w i l l  be 15% higher than the  bunch 

a rea  to  avoid loss  of p a r t i c l e s .  Voltages, s t a b l e  phase angles 

and energy gain per turn w i l l  thus be: 

Energy 29.4 36.4 204 400 

Voltage 22.6 48 kV 48 kV 48 kV 

1.7 O 
0 

Stable  phase angle 13.1 32.2 O 32.2 O 

Energy gain per turn 0.68 keV 10.85 keV 25.6 keV 25.6 keV 

ii 6.6 G/sec 106 ~ / s e c  250 G/sec 250 ~ / s e c  

The maximum f i e l d  r i s e  i s  250 ~ / s e c  and the accelera t ion time i s  

4 minutes. 

Although a second-harmonic r f  system would provide g rea te r  

secur i ty  aga ins t  longi tudinal  coupled bunch i n s t a b i l i t i e s  

(Sacherer 1973), a third-harmonic r f  system has been se lec ted to  

permit c o l l i s i o n s  of bunched beams. The coupled bunch modes w i l l  

be damped by Landau damping anyhow a s  the required coupling i m -  

pedance f o r  stacking i s  wel l  below the  r i g i d  d ipole  mode threshold 

of Z/n = 46 a t  400 GeV, higher a t  lower energies. As the Z/n < 

10 c r i t e r i o n  f o r  very l a rge  values of n i s  maintained during the  

acce le ra t ion  cycle ,  the  bunched beam w i l l  a l s o  be s t a b l e  f o r  those 

n modes where the wavelength i s  much shor te r  than the bunch 

(Hereward 1975). 

During the rebunching process the chromatici ty can be reduced 

by the r a t i o  of the increase  i n  momentum spread of the bunched 

eam to the stacked beam so t h a t  the s i z e  of the tune operating 

-egion w i l l  remain unchanged. This reduction from a x = 2, the 

value required f o r  s t a b i l i t y  of the stacked beam aga ins t  the 

transverse r e s i s t i v e  wal l  i n s t a b i l i t y ,  to  X = 1 w i l l  s t i l l  i n sure  

s t a b i l i t y  of the bunched beam aga ins t  t h i s  i n s t a b i l i t y  up to  mode 

m = 258 (Sacherer 1974). For higher order modes the growth r a t e s  
-1 

w i l l  be l e s s  than 12.5 sec ( i f  they occur) ,  which can be r e a d i l y  



suppressed by a  feedback damping system. 

Aperture 

Three modes of ope ra t ion  must be taken i n t o  account when 

cons ider ing  the  r equ i r ed  a p e r t u r e ,  i . e .  i n j e c t i o n  and s t a c k  bui ld-  

up a t  30 GeV, bunched beam mode a t  30 GeV, and debunched beam mode 

a t  30 GeV t o  400 GeV f o r  physics  u t i l i z a t i o n .  For the  l a t t e r  mode 

a  7  va lue  (Gaussian d i s t r i b u t i o n )  beam s i z e  i s  adopted. This 

c r i t e r i o n  i s  based on ISR experience i n  o rde r  t o  keep background 

i n  t h e  experimental  d e t e c t o r s  a t  t o l e r a b l e  l e v e l s  (Resegot t i  1976). 

Fu r the r ,  s i n c e  i t  is  e s s e n t i a l  t h a t  no s i g n i f i c a n t  f r a c t i o n  of t he  

protons i n t e r c e p t  the  vacuum wa l l ,  which would r e s u l t  i n  d r i v i n g  

the  superconducting s t r u c t u r e  normal o r  i n  damaging t h e  chamber 

envelope, i t  i s  a l s o  e s s e n t i a l  t o  spec i fy  a  dump p r o f i l e  def ined  

by t h e  envelope of a  hypo the t i ca l  beam wi th  t r ansve r se  phase space 

s e v e r a l  t imes t h a t  of t he  hard co re  (2.5 o )  beam and momentum spread 

encompassing a l l  ope ra t i ona l  momentum o r b i t s .  The magnitude of t h e  

dump p r o f i l e  changes az imutha l ly  around the  r i n g ,  however, i t  i s  s o  

s p e c i f i e d  a s  t o  a s s u r e  a  minimum c l ea rance  ( taken  he re  a s  3  mm) from 

the  phys i ca l  vacuum chamber ape r tu re .  P r o t e c t i v e  £as t beam e x t r a c t i o n  

would be t r i gge red  i f  a  p r e s e t  f r a c t i o n  o f  t he  c i r c u l a t i n g  c u r r e n t  

would exceed t h e  dump p r o f i l e ,  e i t h e r  due t o  changing c lo sed  o r b i t  

e r r o r s  o r  beam growth a s soc i a t ed  wi th  i n s t a b i l i t i e s  o r  resonance 

t r a v e r s a l .  The t o l e r a b l e  pro ton  f l u x  ou t s ide  t he  dump p r o f i l e  i s  

assumed t o  be 4 0.1  % of t he  maximum pro ton  f l ux .  This  fol lows 

from t h e  maximum c a l o r i c  depos i t i on  d e n s i t y  i n  t h e  NbTi package 

of  t he  superconducting magnets which l eads  t o  a  pe rmis s ib l e  f l u x  
11 

of G 2 K 10 p ro tons~cm2  o u t s i d e  t h e  dump p r o f i l e  (Pe tersen  1975). 

The adopted a p e r t u r e  of 8.8 cm has  been e s t ab l i shed  by tak ing  

i n t o  account  of f a c t o r s  such a s  t he  space requi red  t o  s t a c k  t h e  

necessary  c u r r e n t ,  t h e  l o n g i t u d i n a l  impedance l i m i t ,  t he  space 

r equ i r ed  f o r  c losed  o r b i t  e r r o r s ,  and beam c u r r e n t  l i m i t a t i o n s  due 

t o  t h e  p re s su re  bump i n s t a b i l i t y .  The l a r g e s t  a p e r t u r e  requirement 

e x i s t s  h o r i z o n t a l l y  dur ing  beam i n j e c t i o n .  D e t a i l s  a r e  shown i n  



Fig.  111.11, together  wi th  the  cases  f o r  centered  bunched beam 

and debunched s t a c k  f o r  experimental  opera t ion .  Because of t he  

7 o c l ea rance  c r i t e r i o n  dur ing  ope ra t ion ,  a  l a r g e  v e r t i c a l  

a p e r t u r e  requirement e x i s t s  i n  t he  v e r t i c a l l y  focusing quadrupole 

ad j acen t  t o  t he  beams c ros s ing  po in t .  As a  consequence, dur ing  
A 

ope ra t ion  a t  energ ies  below 50 GeV, t he  l o c a l  P value  would be  
v 

l imi t ed  t o  1; 220 m reducing t h e  luminosi ty by a  smal l  amount. 

An allowance i n  a p e r t u r e  must be made f o r  o r b i t  s a g i t t a ,  

which f o r  t h e  p re sen t  d ipo le s  p l u s  dewar ends, amounts t o  about  

13 nun f u l l  value. However, t ak ing  advantage of  t h e  changing 

o r b i t  func t ions  a long  t h e  length  of  t he  d ipo le s ,  t he  a p e r t u r e  

allowance a s soc i a t ed  wi th  s a g i t t a  can be  reduced e f f e c t i v e l y  t o  

5 mm f u l l  va lue ,  i f  t he  d ipo le s  ad j acen t  t o  t h e  focus ing  

quadrupole magnets a r e  r o t a t e d  by 1.6 mrad from a symmetric i npu t -  

ou tput  o r i e n t a t i o n .  

I n  gene ra l ,  c lo sed  o r b i t  e r r o r s  introduced by magnet mis- 

al ignments ,  f i e l d  e r r o r s ,  e t c .  a r e  c o r r e c t a b l e  wi th  t h e  c losed  

o r b i t  co r r ec t ion  system us ing  d i p o l e  c o i l s  incorpora ted  i n t o  t he  

quadrupoles. The minimum value  of h o r i z o n t a l  and v e r t i c a l  o r b i t  

e r r o r s  i s  determined by accuracy of  p o s i t i o n  measurement and 

azimuthal  d i s t r i b u t i o n  of  cor rec t i0 .n  d ipo le s .  I n  a d d i t i o n  t o  

t h i s ,  an operat ional .  lower l i m i t  on t h e  magnitude of t h e  c losed  

o r b i t  e r r o r s  i s  imposed by the  long-term s t a b i l i t y  o f  measuring 

equipment. The magnitude of t h e  r e s i d u a l  c e n t r a l  c losed  o r b i t  

e r r o r s  i s  est imated t o  be  about  1 mm rms h o r i z o n t a l l y  when 

measured a t  t he  c e n t e r  of  t he  r egu la r  focusing quadrupoles. 

:owever, t h e  magnitude of  t he  e r r o r s  v a r i e s  a c r o s s  t h e  wid th  of  t h e  

eam s t a c k  due t o  random e r r o r s  i n  t h e  l o c a t i o n  of t he  d i p o l e  

c u r r e n t  b locks ,  l ead ing  t o  c losed  o r b i t  e r r o r s  unco r r ec t ab l e  by a  

c o r r e c t i o n  system us ing  d ipo le s  only. The p ro j ec t ed  random f i e l d  

e r r o r s  (see Sec t ion  111.5) toge ther  w i th  an  assumed e f f e c t i v e  

43% f i l l i n g  of t h e  c o i l  a p e r t u r e  lead t o  an  unco r rec t ab l e  minimum 

c losed  o r b i t  e r r o r  of  1.7 nun rms. A minimum allowance of  7 mm 
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c l e a r i n g  space e x i s t s  during t h e  beam i n j e c t i o n  phase,  which i s  

most demanding i n  terms of a p e r t u r e ,  t o  accommodate t he  t o t a l  

est imated c losed  o r b i t  e r r o r .  

P r o t e c t i v e  Ext rac t ion  

Ser ious  damage t o  vacuum chamber and ad j acen t  magnets could 

r e s u l t  i f  they a r e  h i t  by the  h igh  dens i ty  ene rge t i c  pro ton  f l u x  

( s to red  energy -- 40 M J  max.) . Therefore,  t h e  c a p a b i l i t y  f o r  f a s t ,  

s i n g l e  t u rn  (12.6 u s e c ) ,  near  l o s s l e s s  ( s  0.1% l o s s )  beam e x t r a c t i o n  

must be provided. Be defocusing the  beam i n  t he  e x t r a c t i o n  channel 

o u t s i d e  t he  machine, i t  i s  p o s s i b l e  t o  reduce the  f l u x  d e n s i t y  t o  

such a l e v e l  t h a t  t h e  beam may s a f e l y  be depos i ted  on a  s p e c i a l l y  

designed e x t e r n a l  absorber .  F a u l t s  i n  the  magnet, vacuum o r  

s a f e t y  sys  tems, anomalous beam growth o r  c losed  o r b i t  excursions 

t h a t  d r i v e  p a r t  o r  a l l  o f  the  beam ou t s ide  a  s o  c a l l e d  dump 

p r o f i l e  w i l l  t r i g g e r  the  f a s t  e x t r a c t i o n  sequence. For t he  purposes 

of  p r o t e c t i v e  e x t r a c t i o n  the  assumption must be made t h a t  t h e  co re  

of  t he  beam may be loca ted  anywhere wi th in  t h e  dump p r o f i l e .  

Therefore,  t he  f i r s t  e x t r a c t i o n  septum must be  loca ted  o u t s i d e  t h e  

dump p r o f i l e  boundary and the  acceptance of the  e x t r a c t i o n  channel  

must exceed t h a t  corresponding t o  t he  dump p r o f i l e .  The beam 

dumping r e a c t i o n  time i s  s e t  by the  r i s e  time t o  f u l l  f i e l d  of  t h e  

f i r s t  pulsed e x t r a c t i o n  septum u n i t s .  A va lue  of 50 bsec  has been 

adopted he re ,  s h o r t  compared wi th  t he  f a s t e s t  beam growth times 

observed a t  t he  ISR (- 1 msec). The e x t e r n a l  absorber  w i l l  c o n s i s t  

of a  sequence of Be, C ,  A l ,  and Fe ma te r i a l s .  The s t a t i c  and 

dynamic s t r e s s e s  generated by the  s h o r t  du ra t ion ,  i n t e n s e  nuc l ea r  

csscade  i n  t he  dump m a t e r i a l  have been analyzed (Hauvi l le r  1977), 

nd ica t ing  t h a t  a  beam a r e a  enlargement f a c t o r  of  approximately 

200 would be adequate t o  avoid damage i n  the e x t e r n a l  absorber .  The 

genera l  arrangement of e x t r a c t i o n  components, e x t e r n a l  t r a j e c t o r i e s  

and dump loca t ions  i s  shown i n  Fig.  111.12. A redundant i n t e r n a l  

dump absorber  w i l l  be added t o  provide f o r  e x t r a  p r o t e c t i o n  of  t h e  

vacuum envelope and superconducting r i n g  magnets. I n  c a s e  of 

f a i l u r e  of t he  primary system, the  beam w i l l  impinge on an i n t e r n a l  
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absorber  where damage w i l l  be  l o c a l i z e d  and r e a d i l y  r e p a i r a b l e .  

This  u n i t  w i l l  a l s o  s e rve  t he  beam sc rape r  system, which w i l l  be 

used ex t ens ive ly  du r ing  t he  s t ack ing  process  t o  c l e a n  up unusable 

t a i l s  o f  t h e  beam. P e r i o d i c a l l y ,  dur ing  ope ra t i on  f o r  phys i c s ,  

i t  w i l l  be used t o  reduce experimental  background. 



5 .  MAGNET SYSTEM 

The ISABELLE magnet system w i l l  be superconducting. The 

l a t t i c e  design,  f o r  a beam energy of 400 GeV, i s  based on 4.75 m 

long d ipo le s  opera t ing  a t  50 kG, and 1.69 m long quadrupoles w i t h  

an opera t ing  g rad ien t  of approximately 6.1 kG/cm. In  add i t i on ,  

t h e r e  a re  var ious  s p e c i a l  d ipo le s  and quadrupoles requi red ,  some 

of which a r e  of t he  conventional  iron-copper type. The t o t a l  

number of each type of magnet i n  t he  two r i n g s  i s  as follows: 

C e l l  Dipoles ' (4.75 m) 720 

Matching C e l l  Dipoles (2.75 m) 1 2  

C e l l  F Quadrupoles 

C e l l  D Quadrupoles 

I n s e r t i o n  Quadrupoles (Q1, 42, 44) 7 2 

Low-0 I n s e r t i o n  Quadrupoles (43) 4 

Skew Quadrupoles , Conventional 4 8 

Operation of t he  high-beta i n s e r t i o n  w i l l  r equ i r e  4 more 43 

quadrupoles . Correspondingly, opera t ion  of t h e  high-luminosi ty 

o r  small-diamond i n s e r t i o n s  a t  some f u t u r e  time w i l l  r equ i r e  

a d d i t i o n a l  l a r g e r  ape r tu re  d ipo le s  a s  discussed i n  Section III, 2. 

F igure  III. 13 shows c ros s  s e c t i o n s ,  and F i g .  111.14 an 

i sometr ic  view of a main r i n g  d ipo le  magnet (McInturff 1977). The 

i d e a l  cos ine  cu r ren t  d i s t r i b u t i o n  i s  approximated by s i x  cu r ren t  

blocks per  quadrant  conta in ing  21, 20, 17, 14, 10 and 5 tu rns  

r e spec t ive ly .  The conductors a r e  spread over t h e i r  r e spec t ive  

block a reas  by spacer  t u rns  braided from copper wire  i n  order  

t o  minimize the  peak f i e l d ,  which l i m i t s  t h e  magnet performance. 

In  t h i s  con f igu ra t ion  the  two-dimensional peak f i e l d  i n  t he  c o i l  

ape r tu re  i s  approximately 3% higher  and t h e  peak f i e l d  a t  t he  

ends 6% higher  than t h e  c e n t r a l  f i e l d .  Exact pos i t i on ing  of the  

blocks i s  determined i n  such a way a s  t o  suppress t h e  s i x  lowest 

undesired f i e l d  harmonics. The ends of t h e  c o i l  blocks a r e  
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displaced axial ly  with respect t o  each other i n  such a way as t o  

correct the t o t a l  f ie ld  in tegra l  seen by a beam passing through 

the c o i l  ends. 

The inner diameter of the c o i l  i s  13.09 csl. The current 

blocks are  wound with a single layer of wide f l a t  conductor i n  

the form of a braid (bare dimensions approximately 1.62 cm x 
0.07 cm) . The braid i s  made up of 97 twisted composite wires 

0.3 mm i n  diameter, each containing - 500 superconducting NbTi 

filaments of 10 pm diameter. The 4.75 m magnets require 88 kg 

of superconducting wire each, or  1720 m of braid. The braid has 

a transposition length of approximately 25 cm and a packing density 

of 71%. It i s  f i l l e d  with an al loy of Sn-3 w t %  Ag to  give mechanical 

r i g id i ty  q d  e l ec t r i ca l  s t ab i l i t y .  The wires i n  the braid have a 

0.01 mm thick 01-10 w t  "/.i jacket t o  increase the coupling 

resistance between wires and decrease eddy current effects .  

The iron shield of the magnet, or core, provides mechan- 

i c a l  constraint preventing the c o i l  from moving due to  the mag- 

net ic  forces and as an integral  par t  of construction, w i l l  a lso 

be a t  helium temperature. The shield also largely determines 

the dimensional accuracy of the c o i l  with respect t o  longitudinal 

straightness and angular twist .  The iron laminations a r e  stamped 

i n  the form of unspl i t  annular disks of low carbon s t ee l ,  1.25 

ma thick. The cyl indrical  channels near the top and bottom of 

each lamination, shown in  Fig. III.13bY serve a dual function; 

a)  they a c t  as  helium cooling channels, and b) control the 

sextupole harmonic f i e ld  component as  the i ron saturates  a t  high 

ield.  The laminations are  contained within an accurately 

achined heavy wall  s ta in less  s t e e l  core tube. The lamination 

length of the dipole is 4.75 my and i t s  overall  weight, including 

the iron core, approximately 5500 kg. The small clearance 

between lamtnationa and the core tube (maximm 0.2 mm) necessitates 

tha t  the stack of laminations be inserted a f t e r  the tube diameter 

is increased by heating. Prior t o  inser t ing the co i l s the  bore of 



the  laminations is honed. Coil inse r t ion  i n  the  core is  accom- 

plished wi th  the  c o i l  precooled i n  l iqu id  nitrogen and the  core  

a t  room temperature. This ensures an in terference f i t  between 

core and c o i l  of approximately 0.15 mu a t  operating temperature 

and, consequently, c o i l  compression by the  same amount. 

End p la tes  welded t o  the  s t a i n l e s s  s t e e l  core tube form a 

closed pressure vessel  f o r  containment of the  helium coolant, 

thus el iminating the  need for  a separate  inner helium vessel .  

Cooling is by high pressure gas, a s  out l ined i n  Section 111.6, 

c i r c u l a t i n g  i n  channels on the  outs ide  and ins ide  diameter of the 

c o i l  (Figs. I I I . l3a ,  111.14). The magnet c o i l  and core 

assembly is  mounted ins ide  a concentric evacuated tank by supports 

having low hea t  conductivity. The annular space between the core 

support tube and vacuum tank wall  contains an aluminum heat  sh ie ld  

and mul t ip le  layers  of super insula t ion (Fig. 1111 15). The 

thermal insu la t ion  between the  warm bore vacuum chamber and mag- 

n e t  c o i l  must withstand baking t o  300° C reached i n  outgassing 

the  beam tube. 

The main r i n g  quadrupoles (Sampson 1977) a r e  very s imilar  t o  

the  dipoles  i n  design. They u t i l i z e  t h e  same wide braid conductor 

arranged i n  a s ing le  c o i l  layer  approximating a cosine 29 current  

densi ty  d i s t r i b u t i o n ,  based on th ree  current  blocks per octant,  

containing 19, 15 and 8 turns respectively.  The r a d i a l  dimensions 

of the  quadrupole cross  sec t ion  a r e  bas ica l ly  the  same as i n  the  

dipole ,  d i f f e r i n g  mainly i n  the  arrangement of the  f i e l d  control  

windings a s  described below. The average quadrupole lamination 

Length is  1.69 m, and overa l l  weight 2200 kg. I n  addi t ion t o  

the  regular  r i n g  quadrupoles the re  a r e  a number of spec ia l  quad- 

rupoles required f o r  the  experimental inser t ions ,  a s  noted. 

They vary i n  length and exc i t a t ion  requirements depending on 

t h e i r  function, but the  design and fabr ica t ion  technique is  

s imi la r  t o  t h a t  fo r  the  regular quadrupoles. However, they a re  

d i f f e r e n t  insofar  a s  the  i ron  core i s  not  a s  thick. 



~ i g .  111.15. Isometric view of the dipole magnet assembled in the cryostat. 



Each magnet of the  inner and outer r i n g  w i l l  be contained i n  

i t s  own dewar, as noted above (Fig. 111.15). This has the  

advantage t h a t  a l l  vacuum j o i n t s  a r e  d i r e c t l y  access ible  fo r  leak 

t e s t s  a t  room temperature and t h a t  the posi t ion of each magnet i s  

separate ly  adjustable.  The arrangement of the  th ree  dipoles  and 

a quadrupole i n  a ha l f -ce l l ,  the  smallest  u n i t  of the  regular r i n g  

l a t t i c e ,  i s  shown i n  Fig. 111.16. Dipoles and quadrupoles a r e  

connected i n  s e r i e s  e l e c t r i c a l l y  and cryogenically. I n  order t o  

minimize heat  loads, the  leads between a l l  regular magnets of each 

sextant  a r e  kept cold. Hence, the  magnet current  can be chosen 

t o  meet o ther  conditions. A value of 4.0 kA a t  f u l l  exc i t a t ion  

was se lected so  a s  t o  keep voltages induced during a quench wi thin  

to lerable  bounds. - - - 
b - 5  P 

The magnet quench pro%$cf%!n system performs the following 

functions: 1) shunting t h e  current  around the quenching magnet, 

2) venting the  r e s u l t a n t  warm gas so  t h a t  it does not reach 

neighboring magnets, and 3) preventing the  s to red  energy of the  

other  magnets from being d i s s ipa ted  i n  the  normal magnet. Located 

i n  the  dewar a r e  cold s o l i d  s t a t e  diodes across each magnet and 

pressure r e l i e f  valves t o  bleed o f f  the warmed-up helium gases. 

External t o  the  dewar is a r e s i s t i v e  load and associated SCR 

device which a r e  used t o  discharge a group of magnets, typ ica l ly  

a hal f -sextant  i n  the  event of a quench of one uni t .  The function 

of t h i s  c i r c u i t  is  t o  e x t r a c t  and d i s s i p a t e  the  s tored energy of 

the  remaining magnets i n  t h i s  group. 



0 4 SCALE 

(feet) 

Fig. 111.16. Half-cell magnet system, including three dipoles and one 
quadrupole. Between the dewars are the magnet inter-  
connections and vacuum pumping stations.  

- 
- -. - - - 



Correction Windinps 

The dipoles  and quadrupoles w i l l  each have s e t s  of windings 

t o  provide complete control  over the  working l i n e  and t o  cor rec t  

e r r o r s  i n  the  f i e l d  shape of the  magnets. These windings and the  

e f f e c t s  which w i l l  have t o  be corrected,  a r e  described i n  the 

following paragraphs. 

Systematic e r ro rs  i n  the  magnetic f i e l d ,  which a r e  the  same 

i n  magnets intended t o  be iden t ica l ,  may be introduced by the 

conductor arrangement, by the  const ruct ion of the  c o i l  ends, by 

i ron  sa tu ra t ion  e f f e c t s ,  by diamagnetic e f f e c t s  i n  the  super- 

conductor i t s e l f ,  and by rate-dependent induced currents  (Parzen 

1975a). The magnetic f i e l d  e r r o r s  a r e  conveniently described by 

the f i e l d  multipoles, b*,, defined by wr i t ing  the  median plane 
2 magnetic f i e l d  e r r o r  as AB = B (b +.blx + b x + ...) and ABh = 

v 0 0  2 
B ( a  + a x + a x2 + . . . . .). Systematic e f f e c t s  introduce 
0 0  1 2 

b2, b4, b6 . . . terms i n  the  dipoles  and b 5, bg . . . terms i n  the  

quadrupoles. The tolerance on the  sextupole term allowed a f t e r  
2 correct ion by correct ion windings i s  b 0.5 X 10-~/cm . The b2 

2 
introduced by i ron  sa tu ra t ion  e f f e c t s  a t  high f i e l d s  i s  about 

-4 2 b, = 6 X 10 /cm . Rate-dependent induced current  e f f e c t s  
L 

introduce a b which has been measured as b F=J 1 0 - ~ / c m ~  a t  2 2 
B = 250 ti/sec. Diamagnetic ekkects have been estimated t o  

contr ibute  b = 2.6 X 1 0 - ~ / c m ~  a t  the low f i e l d  end. 2 

The dipoles  w i l l  have b2 and b correct ion c o i l s  t o  cor rec t  
4 

the  systematic f i e l d  e r r o r s  described above. The bp and b c o i l s  4 
w i l l  a l s o  be used t o  con t ro l  the  shape of the working l i n e ,  i n  

pa r t i cu la r  the  chromaticity. For t h i s  reason there  a r e  two s e t s  

of b and b c o i l s  which a r e  separate ly  powered; one s e t  i s  in 
2 4 

dipoles  near the  focusing quadrupoles and the  other s e t  is i n  

dipoles  near the  defocusing quadrupoles. Systematic f i e l d  e r ro rs  

i n  the  quadrupoles a r e  corrected by a b5 co i l .  I n  addi t ion t o  the  

b c o i l ,  the  quadrupoles w i l l  have b and b c o i l s  t o  control  the 
5 1 3 



shape of the working l ine .  Altogether, the re  w i l l  then be 5 c o i l s  

t o  con t ro l  the  shape of the  working l i n e ;  the bl, b ., b c o i l s  
3 5 

i n  the quadrupoles and the  b b c o i l s  i n  the  dipoles.  The 
2' 4 

bl, b and b w i l l  a l s o  be separa te ly  powered i n  focusing and 
3' 5 

defocusing quadrupoles. Power supply tolerances on the  exc i t a t ion  

currents  i n  a l l  these correct ion c o i l s  w i l l  be such t h a t  the 

v-value across the  beam w i l l  be controlled with an accuracy of 

about Av = 0.001. 

Fie ld  e r r o r s  t h a t  vary randomly from magnet t o  magnet a re  

caused by random e r r o r s  i n  the  construction of the  magnets 

(Parzen 1975b). The rms e r r o r  expected i n  the of the 

current  blocks that .  make up the  main c o i l  i s  about 50 pm, which 

would r e s u l t  i n  rms random f i e l d  e r r o r  iml t ipo les  in. the  d ipoles  
-4 -5 -1 -6 -2 

of b o =  1 ; 7 x  10 , b l =  3 ; 4 x  10 cm , b 2 =  6 ' 6 ~  10 cm , 
e t c .  Another source of random f i e l d  e r r o r s  i s  the  e r r o r  i n  the 

posi t ion of the  e n t i r e  main c o i l  r e l a t i v e  t o  the  i r o n  shie ld .  

The rms e r r o r  i n  t h i s  c o i l  alignment i s  expected t o  a l s o  be 50 pm. 

This e r r o r  introduces i n  the  d ipole  magnets a random quadrupole 
-5 -1 

term of bl = 5.8 x 10 cm . The overa l l  to lerances  es tabl ished 

f o r  the  rms f i e l d  e r r o r  multipo'les Pn the  d ipoles  are thus 
-4 -5 -1 -6 .-2 

0 
= 1 . 7 ~ 1 0  , b l = 6 . 8 x 1 0  cm , b 2 = 6 . 6 x 1 0  cm , e t c .  

- 1 and corresponriingly f o r  the  quadrupoles b = 4.4 x cm , 
-5 -2 

1 
b2 = 1.0 x 10 cm , etc .  The random f i e l d  e r r o r s  produced by 

e r r o r s  i n  the  const ruct ion of the  magnets have been measured on 

model magnets (McInturff 1977). The random f i e l d  e r r o r s  thus 

measured a re  consis tent  with the  t h e o r e t i c a l  r e s u l t s  f o r  the  

-ssumed e r r o r  i n  the p o s i t i o n  of current  blocks of 50 pm. 

The random dipole  f i e l d  e r r o r s ,  b and a whose primary 
0 0 

e f f e c t  i s  t o  d isplace  the  c e n t r a l  o r b i t ,  w i l l  be corrected by 

the c e n t r a l  o r b i t  correct ion system (Parzen 1975a, Edwards 

1975b). The l a rges t  source of random dipole  f i e l d  e r r o r s  i s  

random e r r o r s  i n  tho posi t ion of the quadrupoles, which i s  about 



0.25 mm r m s .  Other sources include random e r r o r s  i n  the r o t a t i o n a l  

alignment of the  d ipoles ,  and e r r o r s  i n  the  const ruct ion of the  

roagnets. The c e n t r a l  o r b i t  w i l l  be corrected by movement of t h e  

quad-poles and by a system of d ipole  correct ion c o i l s  located i n  

the  quadrupoles. Ver t i ca l  and hor izonta l  d ipole  correct ion 

windings w i l l  be put  i n  the focusing and defocusing quadrupoles, 

respect ively ,  and w i l l  be capable of being powered separately.  

The dipole cor rec t ion  c o i l s  near the  beam crossing points  w i l l  

a l s o  be used f o r  l o c a l  s t e e r i n g  of the beams. The c e n t r a l  o r b i t  

correct ion system w i l l  reduce the  c e n t r a l  o r b i t  displacement 

t o  about 1 mm around the  r ing,  and the  v e r t i c a l  pos i t ion  of the  

beam a t  the in te r sec t ion  points  w i l l  be control led  wi thin  l e s s  

than 0.1 nun. 

Another e f f e c t  of the random e r r o r s  i s  t o  generate imperfec- 

t i o n  resonances. Calculat ions of the widths of the resonances 

(Gareyte 1975) and experience a t  the ISR ind ica te  t h a t  one can 

avoid, the harmful e f f e c t s  of these resonances by ca re fu l  con t ro l  

of the working l i n e  shape. No correct ion c o i l s  a r e  provided f o r  

most of the poss ible  resonances, but  the re  i s  space t o  add such 

correct ion elements a f t e r  the  accelera tor  i s  operating,  i f  t h i s  

proves des i rable .  Skew quadrupoles w i l l  be provided t o  con t ro l  

two imperfection e f f e c t s  which might be harmful (Gareyte 1975, 

Chasman 1976), which a r e  coupling of the v e r t i c a l  and hor izon ta l  

beta t ron o s c i l l a t i o n s  and v e r t i c a l  d ispers ion of the  c e n t r a l  orbit 

a t  the  crossing point .  

Table 6 l i s t s  a l l  the  correct ion c o i l s ,  the  locat ion of the  

correct ion c o i l ,  the  maximum correct ion provided, and the  required 

accuracy of the correct ion.  



Table 6. Correction Coi l  Table f o r  400 GeV ISABELLE 

Maximum Maximum 
Correction Fie ld  

Provided . a t  c o i l  Required. 
Location (cm-n) (kG) Accuracy 

Dipoles b = 7 
2 1.3 

Dipoles b4 = 1.7 x 10 -5 1.1 

Systematic & 

Working Line 

Correction 

QD,QF bl = 7.3 x 10 
-3 

2 
( 6 '% coal)  

Ql,Q2,Q4 bl = 3.7 x 10 
-3 

1.1 
(4.5% c o i l )  

Equilibrium QF bo = 0.028 1.4 10 '~  

Orbit  QD ,Q4 a = 0.028 1.4 lo-2 
0 

Correction 42 bo = 0.04 2 .O lom3 

Q 1 a = 0.04 2.0 , 
0 

Coup l i n g  
94 al = 8.4 y. 1.0 -3 

2.6 
Resonance ( 0.42 k ~ / c m )  

Ver t i ca l  Between QD 
a l  = 0.028 

Dispersion and QF i n  (1.4 k ~ / c m )  

:onventional Matching 
Quads) c e l l s  



The i n s e r t i o n  quadrupoles Q1, 42 and 44 a r e  powered i n  s e r i e s  

w i th  the  main d i p o l e s ,  wi th  t he  exception t h a t  44 i s  s e p a r a t e l y  

powered i n  t h e  low-p i n s e r t i o n .  Because of  t h i s ,  t he se  

quadrupoles need t o  have quadrupole t r i m  c o i l s  t o  compensate f o r  

t h e  d i f f e r e n c e  i n  t h e  s a t u r a t i o n  e f f e c t s  i n  t h e  i n s e r t i o n  

quadrupole and i n  t h e  main d i p o l e s  and a l s o  t o  a l t e r  t he  Q 1  and 

42  quadrupoles f o r  t h e  low-fi i n s e r t i o n .  



6 .  REFRIGERATION SYSTEM 

The nominal opera t ing  temperature f o r  t he  ISABELLE super-  

conducting magnets i s  3 . 8  K. This temperature can be a t t a i n e d  

only by the  use  of a r e f r i g e r a t o r  which uses  helium a s  t h e  

working f l u i d .  We have analyzed var ious  systems f o r  t he  

production and d i s t r i b u t i o n  of r e f r i g e r a n t  f o r  t he  ISABELLE 

magnet system. The most c o s t  e f f e c t i v e  system u t i l i z e s  helium 

a t  s u p e r c r i t i c a l  pressure  t o  coo l  t h e  magnets and t h i s  system 

has  been incorporated i n  t he  magnet and r e f r i g e r a t o r  des ign  

(Brown 1976). 

The est imated s t eady- s t a t e  hea t  load a t  3 . 8  K fop ISABELLE 

i s  13 kW ( see  Table 7) .  The r e f r i g e r a t o r  i s  designed t o  

produce 19 kW, a t  t h i s  temperature. The r e f r i g e r a t i o n  capac i ty  

i s  adequate t o  provide cool ing  f o r  t he  ISABELLE magnets and t o  

provide r e f r i g e r a t i o n  f o r  superconducting magnets used by 

experimenters. Re f r ige ra t ion  i s  a l s o  requi red  a t  a mean temp- 

e r a t u r e  of 55 K t o  coo l  t he  h e a t  sh i e ld .  The est imated load a t  

t h i s  temperature l e v e l  i s  17.5 kW and r e f r i g e r a t i o n  capac i ty  of 

35 1&J is provided. A s imp l i f i ed  schematic of t h e  d i s t r i b u t i o n  

system i s  shown i n  Fig.  111.17. The helium which cools  the 

magnets leaves t h e  r e f r i g e r a t o r  a t  a p re s su re  of 5 atm and a 

temperature of 2.6 K. A s  many a s  46 magnets (one-half s e x t a n t  

of one r ing )  w i l l  be cooled i n  s e r i e s ,  and t h e  s t eady- s t a t e  

des ign  temperature f o r  t h e  l a s t  magnet i s  3 . 8  K. This  temperature 

r i l l  r i s e  t o  no h igher  than  4.2 K during t h e  a c c e l e r a t i o n  cycle ,  

md then r e t u r n  t o  3 . 8  K o r  below during s to rage  r i n g  ope ra t ion  

(Shutt  1976). Some flow w i l l  be removed from t h e  r e f r i g e r a n t  

s tream a s  requi red  t o  coo l  magnet power leads ,  and t o  provide 

r e f r i g e r a t i o n  f o r  e'xpetimenters d e t e c t o r  magnets. This flow 

r e t u r n s  t o  compressor s u c t i o n  a t  300 K. 



- GAS STORAGE AND 

- 2 . 6  K SUPPLY HEADER 

Fig. 111.17. Block diag-am showing the refrigerator distributior: system for the ISABELLE rings.  



TABLE 7 .  ISABELLE Steady-State Heat Load Estimate. 
I 

Magnets 

Support Losses 

Radiation 

Connecting Piping 

Instrumentation 

Magnet Pwer Leads 

(Total equivalent 
refrig.  load) 

Main Current 

Insertion Quads 

Correction Coils 

Closed Orbit Coils 

Distribution System 

Piping 

Valves 

Pump Losses 

Experimental Area 
Detectors 

(1500 l i terslhr.  
equivalent) 

Total Estimated Heat 
Load 

Refrigerator Design 
Capacity 



A s ing le  r e f r i g e r a t o r  i s  proposed f o r  ISABELLE. Suf f i c i en t  

d is tances  can be spanned without undue pressure drop or  other 

pena l t i e s  using the d i s t r i b u t i o n  system envisaged so  t h a t  a l l  the 

r e f r i g e r a t i o n  can be supplied from a  s ing le  point .  More than one 

smaller  r e f r i g e r a t o r  could have been used a t  t h i s  point ,  but a  

s ing le  u n i t  was chosen pr imar i ly  on the  bas i s  of r e l i a b i l i t y  and 

cos t  considerations.  

The r e f r i g e r a t o r  design u t i l i z e s  the  Claude cycle  without 

l iqu id  nitrogen precooling. Cooldown of the  e n t i r e  magnet system 

requires  about 15 days. Input power required f o r  the  r e f r i g e r a t i o n  

compressors i s  Lb W .  The compressors w i l l  be dry screw type. 

Four s tages  of compression a r e  required f o r  the  pressure r a t i o  

used i n  t h i s  cycle. 

The rad ia t ion  heat  shie ld  and support heat  in te rcep t  cooling 

f o r  the ISABELLE magnets w i l l  be provided by a  gas stream which 

leaves the cold box a t  a  temperature of 42 K and re tu rns  a t  

68 K. The i n l e t  pressure t o  the shie ld  header i s  15 atm and 

the pressure drop through the system i s  estimated a t  3 atm. 

The f i n a l  element of the r e f r i g e r a t i o n  system i s  the  sub- 

cooler which i s  shown schematically i n  Fig. 111.18. The load, 

as  seen by the r e f r i g e r a t o r ,  i s  comprised of the r e f r i g e r a t i o n  

load below 3.8 K (Point No. I ) ,  a  l iquefact ion load (Point Nos. 

2 and 3) and the  heat  of compression from the  c i r c u l a t i n g  com- 

pressor (Point No. 4). Mass removed from the c i r c u l a t i n g  stream a t  

Point  Nos. 2 and 3  i s  replaced by the makeup supply a t  Point  No. 5. 

A l a rge  mass flow of helium i s  ava i l ab le  f o r  d i s t r i b u t i o n  t o  the  

magnets and i s  a  separate loop from the r e f r i g e r a t o r  flow except fc 

the  make-up a t  Point  No. 5. This c i r c u l a t i n g  stream is cooled i n  

the  subcooler (Point No. 6) t o  a  temperature of 2.6 K a t  

Point No. 7 and then d i s t r i b u t e d  through the supply header t o  the 

magnets. 

In order t o  a t t a i n  the  l o w  temperature desired i n  t h i s  system, 
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F i g .  111.18. Functional schematic for the subcooler. 



a bath of l iqu id  helium a t  subatmospheric pressure i s  required i n  

the r e f r i g e r a t o r .  The subcooler (Point No. 6) operates a t  

0.1 atm, 2.5 K. The pressure is  maintained a t  the  required low 

value by pumping the vapor from the bo i l ing  l iquid  with a turbo- 

compressor (Point No. 8 ) .  13.1 kW of r e f r i g e r a t i o n  is  produced 

a t  a temperature l e v e l  of 2.5 K. This i s  equivalent  t o  the 

'19.0 kW required by the load a t  a higher temperature level .  The 

make-up supply i s  precooled i n  the  phase separator (Point No. 9) 

before being introduced t o  the  c i r c u l a t i n g  stream. Liquid from 

the phase separa tor  undergoes a Joule-Thompson expansion as  it 

flows t o  the  subcooler. A turboexpander (Point No. 10) e x t r a c t s  

work from the  main r e f r i g e r a t o r  flow stream and produces r e f r i g -  

e r a t i o n  a t  a low temperature level .  The low pressure gases 

r e t u r n  t o  t h e  main r e f r i g e r a t o r  (Point No. 11) as shown i n  the  

schematic. 

No l iqu id  helium s torage f a c i l i t i e s  a re  required f o r  t h i s  

system. The helium gas required t o  f i l l  and operate the  system 

w i l l  be s tored i n  tanks near the  r e f r i g e r a t i o n  building.  I n  the  

event of r e f r i g e r a t o r  f a i l u r e ,  e l e c t r i c  power f a i l u r e  o r  other 

system f a u l t s ,  no helium w i l l  be l o s t  because the  helium i n  the  

magnets i s  a t  high pressure and can be vented d i r e c t l y  t o  the 

sroFa$e tanks. Theretore, no recovery compressor i s  required. 

Low pressure buffer  or  surge tanks a r e  provided on the  suction 

s ide  of the  compressors. 

The piping required t o  d i s t r i b u t e  the re f r ige ran t  i s  vacuum 

insulated.  I t s  design uses a s i n g l e  vacuum jacket which contains 

both the sup,ply, r e t u r n  and heat  sh ie ld  piping. A heat  shie ld  

surrounds the  supply and r e t u r n  piping and reduces i t s  heat  gain 

t o  near zero. 

Because so many magnets a r e  cooled i n  s e r i e s ,  only a r e l a t i v e l y  

few control  elements a r e  required.  The temperature of the r e f r i g -  

e ran t  as i t  e x i t s  from each s e r i e s  of magnets w i l l  be monitored 



and will serve as the control point for ,flow control of each of 

the parallel cooling circuits. An overall system control circuit 

will optimize the production and distribution parameters to 

attain the most efficient operation under any operational load 

conditions which occur. 



7 .  VACUUM SYSTEM 

The dens i ty  of r e s idua l  gas molecules i n  proton storage 

r ings  must be lower, by severa l  orders of magnitude, than t h a t  

i n  conventional accelera tors .  This i s  necessary i n  order t o  

reduce beam loss  and the accompanying rad ia t ion  background i n  ' 

the  experimental inse r t ions  caused by nuclear sca t t e r ing .  The 

vacuum system design, therefore ,  c a l l s  f o r  a hydrogen pressure 

of Less than 3 x 1 ~ ~ ' ~  Torr i n  the l a t t i c e  sect ions  of the  r ings  

and, with add i t iona l  pumping, lower than t h i s  i n  the experimental 

inse r t ions .  A t  these pressures the  beam loss  from gas sca t t e r ing  

i s  smaller  than 1 ppy per min and the  t o t a l  background i n  the 

experimental s t r a i g h t  sect ions  i s  estimated t o  be about 7 x 10 
5 

p a r t i c l e s  pe r  second f o r  a c i r c u l a t i n g  current  of 8 A. Beam 

growth due t o  mult iple Coulomb s c a t t e r i n g  i s  ca lcula ted  t o  be 

neg l ig ib le  a t  the  operating pressures.  A t  lom1' Torr i t  is  s t i l l  

necessary t o  prevent the beam from becoming neutra l ized,  t h a t  i s ,  

t o  prevent the trapping of the e lec t rons  and negative ions 

produced by the beam-gas co l l i s ions .  This beam c lea r ing  w i l l  be 

achieved i n  ISABELLE by a system of c l ea r ing  e lec t rodes  placed 

at regular  i n t e r v a l s  around the  machine. Presently a d i s t r i b u t i o n  

of 1512 c lea r ing  e lec t rodes  with e l e c t r i c a l  po ten t i a l s  of about 

f 5  kV i s  envisioned. The average ratio of trapped e lec t rons  t o  
-4 

c i r c u l a t i n g  protons i s  calcula ted  t o  be 1 t o  2 x 10 a t  f u l l  

beam current  (Herrera 1976 a ) .  For t h i s  degreee of neu t ra l i za t ion  

the changes i n  the  be ta t ron  tunes of an unbunched beam can be 

determined. Thus, a t  i n j e c t i o n  energy one obtains (Chao 1975) a 
-3 

n e t  space-charge v e r t i c a l  tune depression of 14 x 10 , while 
-3 

a t  400 GeV one obtains a value of 2 x 10 . The corresponding 
93 

hor izon ta l  rune ehsnges a r e  respect ively  11 x 10 and 2 x lf3. 

The accompanying tune v a r i a t i o n  across the  beam, from center  t o  

edge, i s  about 10% of the c e n t r a l  depression. These net  v-value 



changes a re  small and can be compensated for  by proper adjustment 

of the  tune and chromatici ty correct ions  of the  l a t t i c e  (Smith 

1975). 

The presence of trapped e lec t rons  i n  the  beam can a l s o  give 

r i s e  t o  a t ransverse  coherent motion of the  protons, coupled t o  

the e lec t rons  o s c i l l a t i n g  i n  the  po ten t i a l  we l l  of the beam. This 

"e-p i n s t a b i l i t y "  has been observed a t  the CERN ISR (Hereward 

1971, Schnell 1975 b ) ,  and a t  the  LBL Bevatron (Grunder 1971). 

Though d i f f i c u l t  t o  ca lcu la te ,  the degree of neu t ra l i za t ion  a t  

which t h i s  i n s t a b i l i t y  can s t a r t  i s  very much dependent on the  

spread i n  frequencies of the o s c i l l a t i n g  e lec t rons  (Keil  1971). 

The ISABELLE machine has c h a r a c t e r i s t i c a l l y  large  va r i a t ions  i n  

beam s i z e  as  a function of azimuthal posi t ion.  Since t h i s  

resu1t.s i n  a large  spread of e l ec t ron  frequencies, the onset of 
-4 

the e-p i n s t a b i l i t y  i s  inhibi ted  a t  a  neu t ra l i za t ion  below about 10 . 
Experience wi th  the  CERN I S R  has shown t h a t  the  most ser ious  

l imi ta t ion  on current  is  s e t  by the  beam induced pressure r ise, ,  

known as the  "pressure bump phenomenon" (Fischer 1972). Quali- 

t a t i v e l y ,  t h i s  e f f e c t  i s  caused by ionized res idua l  gas molecules 

which a re  propelled by the  e l e c t r i c  f i e l d  of the  beam, s t r i k e  the  

vacuum chamber wal l ,  and thereby l i b e r a t e  adsorbed molecules i n  

s u f f i c i e n t  quant i ty  t o  increase the  gas pressure.  A t  a  c e r t a i n  

value of current ,  I c r i t  9 
t h i s  pressure r i s e  leads,  avalanche-like, 

t o  a loca l  pressure peak and the  des t ruct ion of the beam. For the  

geometry of the  ISABELLE vacuum system (8.8 cm i. d. c i r c u l a r  vacuum 

chamber, 5 m d is tance  between pumps, each with a pumping speed of 

)out 1000 l l s e c ) ,  the theory (Halama 1975) predic ts  a product 

' I  I c r i t  
m 4 0  A. The desorption coef f i c i en t  q (defined as the  ne t  

number of molecules desorbed per incident  ion) ,  c h a r a c t e r i s t i c  

of the  chamber wa l l ,  depends upon the surface preparation and 

bake-out temperature used f o r  the chamber mater ia l ,  a s  we l l  as 

upon the mass and energy of the bombarding ions. I n  ISABELLE, 



though the res idua l  gas w i l l  be mainly hydrogen, the onset of the  

pressure bump w i l l  manifest i t s e l f  by a r i s e  i n  the pressure of 

CO. It i s  then expected t h a t ,  f o r  a beam t o  wa l l  p o t e n t i a l  of 

2 kV, the desorption coef f i c i en t  w i l l  be l e s s  than 3, and, 

therefore,  t h a t  the  beam current  l i m i t  will be g rea te r  than 10 A. 

Such an upper bound on the  value of i s  consis tent  wi th  the 

extensive experience ex i s t ing  a t  the CERN ISR where the  chamber 
0 

i s  made of s t a i n l e s s  s t e e l  and a bake-out t o  300 C i s  used. 

Experiments which a r e  i n  progress a t  BNL have yielded q values 
0 

c lose  t o  zero f o r  a 200 C bakeout. It should be mentioned here 

t h a t  the use of a vacuum chamber operating a t  l iquid  helium 

temperatures has been considered (Grand 1972) but  abandoned i n  

view of the physical  and engineering uncer ta in t i e s  associated 

with such cold systems (Halama 1975). 

Preliminary experiments on the  CERN ISR ( ~ r o b n e r  1977) have 

c a s t  some doubt a s  t o  whether the  use of a warm aluminum chamber, 

previously considered f o r  ISABELLE, is  consis tent  with a high 

i n t e n s i t y  proton beam i n  a storage r ing.  The present  ISABELLE 

design which c a l l s  f o r  a s t a i n l e s s  s t e e l  chamber (vacuum f i r e d  

a t  950' C and jacketed wi th  copper f o r  bake-out purposes) operating 
0 

a t  room temperature and bakeable t o  300 C ,  therefore ,  represents  

a conservatiQe approach. To insu la te  the  warm bore tube trom the 

magnets a t  4 K, it i s  planned t o  use 35 layers  of aluminized Kapton. 

The heat  load i s  then about 0.45 W/m. With regard t o  the  r e s i s t i v e  

wa l l  i n s t a b i l i t y ,  a s t a i n l e s s  wa l l  w i l l  give r i s e  t o  a larger  

r e s i s t i v e  component of impedance than an aluminum wall .  However, 

when t h i s  r e s i s t i v e  p a r t  i s  combined with the  reac t ive  p a r t ,  the  

ne t  r e s u l t  i s  t h a t  a beta t ron tune spread of about 0.02 i s  s t i l l  

s u f f i c i e n t  t o  damp the  i n s t a b i l i t y .  

The pumping i s  provided by conventional Ti-sublimation and 

sput ter - ion pumps f o r  nongetterable gases. Recent measurements 

(Halama 1977) have shown t h a t  a 30 l i t e r / s e c  ion pump combined 

with a t i tanium g e t t e r  is  s u f f i c i e n t  t o  lower the pressure below 
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Fig .  111.19. Typ ica l  ISABELLE vacuum pumping s t a t i o n .  



1 X 10-l1 Torr. The ISABELLE pumping station, Fig. 111.19, 

which has an effective pumping speed of 1600 liter/s and 1000 

liter/s for H and do respectively, reached this pressure within 
2 

3 days. The warm bore design includes a dewar construction which 

allows direct access to all joints and bellows as well as vacuum 

and beam monitoring equipment. The result is essentially a 

"conventional" ultrahigh vacuum system. In the insertion regions, 

however, the experimental physics requirement will undoubtedly 

dictate special pumping arrangements and chamber configurations 

(Herrera 1976b, Edwards, 1976). Thus large changes in chamber . 

diameters will necessitate additional iocal clearing electrodes 

in order to eliminate the possibility of "electron traps." 



8. POWER SUPPLIES, INSTRUMENTATION AND CONTROL SYSTEMS 

Magnet Power Supply 

The power supply system necessary t o  energize the windings 

of the ISABELLE magnets cons i s t s  of some 458 individual ly  control led  

power supplies (see Table 8 ) .  

The demands on the main f i e l d  supply a r e  modest due to  the 

slow accelera t ion cycle.  For a t o t a l  energy of about 400 M J  

s tored i n  the bending magnets of each r ing ,  a 4 MVA ra ted  power 

supply i s  adequate. With a maximum dipole  current  of 4.0 kA, the 

required power supply voltage i s  about 1 kV. These parameters 

a re  within the range of s o l i d  s t a t e  r e c t i f i e r s - i n v e r t e r s .  The 

main f i e l d  power supply w i l l  be a twelve-phase SCR system with 

a passive RLC f i l t e r  t o  reduce the r i p p l e  t o  the required tolerance 

n I / I  10 '~  a t  f u l l  f i e l d . '  

Table 8. ISABELLE Mapnet Power Supply System (2 r ings)  

Number 
Description Required Specif ica t ions  

Main dipoles  and quads 2 4000 A,  * O.Ol%(a) 

Low-beta i n s e r t i o n  quads 2 4000 A, * 0.005% 
Low-beta inse r t ion  quads (warm) 2 1000 A,  * 0.005% 
Inse r t ion  quad trim 34 * 100 A,  f 0.0052 

Ring quadrupole tr  i m  
Systematic correct ion 
Equilibrium o r b i t  correct ion 9 6 
Coupling 

Equilibrium o r b i t  correct ion 252 * 50 A, * 0.05% 

sew quadrupoles (warm) 48 * 1000 A,  * 0.05% 

during f l a t  top, using feedback from beam posi t ion or mag- 
n e t i c  f i e l d .  

The main r ing  quadrupole magnets a r e  connected i n  s e r i e s  with 

the main r i n g  dipoles.  Separate windings Qn the quadrupole mag- 

ne t s ,  energized from f 50 A t r i m  power suppl ies  w i l l  provide 



f 4.5% gradient  correct ion.  This arrangement permits a reduction 

i n  to lerance  requirements fo r  the quadrupole power supplies by an 

order of magnitude. In  general, the i n s e r t i o n  quadrupoles w i l l  

a l so  be energized i n  s e r i e s  with the main r ing  dipoles.  However, 

i n  the  low-beta inse r t ion ,  the quadrupoles 43 and 44 w i l l  be in -  

dependently powered with a 1000 A and a 4000 A power supply 

respect ively  and, w i l l  be control led  t o  a tolerance of f 5 pa r t s  
5 

i n  10 . T r i m  c o i l s  i n  the inse r t ion  quadrupoles w i l l  provide a 

f 9% gradient  correct ion and w i l l  be powered by f 100 A power 

supplies.  A l l  o ther  f i e l d  correct ion windings on the dipoles and 

the quadrupoles w i l l  be energized with independent f 50 A power 

supplies. 

Beam Instrumentation 

I n  ISABELLE i t  w i l l  be necessary t o  maintain two proton beams 

of small cross-sect ional  a rea  crossing each other  a t  s i x  i n t e r -  

sec t ion  regions f o r  periods of many hours while keeping the back- 

ground rad ia t ion  f a r  below the des i red  i n t e r a c t i o n  ra te .  Ins t ru-  

mentation must therefore  be provided t o  observe those beam charac- 

t e r i s t i c s  which a r e  of i n t e r e s t  t o  both the experimental and 

accelera tor  physic is t .  Table 9 i s  a l i s t i n g  of the  basic proper t ies  

of such instrument '  systems. Beam current ,  p a r t i c l e  momentum, and 

luminosity a r e  of pa r t i cu la r  .importance t o  the experimentalist .  

Of these,  t h e  luminosity, which i s  a measure of the  beam-beam 

c o l l i s i o n  r a t e ,  w i l l  be determined a t  each of the  s i x  in tersect ions .  

However, the  highest  accuracy, 0.5%, w i l l  probably be achieved i n  

only one of them where precis ion t o t a l  cross  sec t ion  experiments 

a r e  per formed. 

The remaLn'ing beam monitoring systems presented i n  the t ab le  

a r e  pr imar i ly  beam setup and diagnost ic  too l s  fo r  the machine. 

Thus, the r a d i a t i o n  and beam l o s s  system, which e s s e n t i a l l y  con- 

s i s t s  of many ion chambers d i s t r i b u t e d  around the  r ing,  w i l l  con- 

t inuously monitor the  background rad ia t ion  during the  in jec t ion ,  



Table 9. Beam Instruments 

Instrument Basic Total  
System Elements Function C h a r a c t e r i s t i c s  No. 

Beam cur ren t  hans fo rmer /  C i rcu la t ing  Dynamic range dc t o  20 MHz 2 

monitor magnetic modulator proton beam mA t o  20 A/ r e so lu t ion  , 10 13\ 
i n t e n s i t y  c a l i b r a t i o n  winding 

P a r t i c l e  mamc.1- NMR/frequency Proton momentum Measure f i e l d s  i n  MHz counter 2 

rum monitor counter  e x t r a  magnets 

,uminosity , S c i n t i l l a t i o n  Measure beam Van de r  Meer Accuracy 2 t e  6.5% 6 

lonitor counter  te lescopes/  c o l l i s i o n  r a t e  method/vert ical  

beam displacement beam displacement 

c o i l  

Radiation and Ion chambers Measure r ad ia t ion  In teg ra t ion  times 

loss  monitor los s  background 10 msec t o  120 sec  

Orbi t  p o s i t i a  1 S p l i t  capac i t ive  Equilibrium o r b i t  Voltage/plate  a t  Frequency response 444 

monitor pick-up e lec t rodes  bunched beam/ 10 A - 60 V 2 kHz t o  20 MHz 

empty bucket scan sens iv i t ivy  - 
2.5%lmm 

Clearing E l e c t r o s t a t i c  Clear e l ec t rons  * 5 kV/plate 

e l ec t rodes  p a i r  of p l a t e s  from beam1 

measure vac. 

Beam scrnpcrs  Horizontal  6  Scrape beams for  Tantalum f o i l  Pos i t iona l  p rec i s ion  4 

6 probes v e r t i c a l  beam luminosity/low edges " 10 wm t o  0.2 mm' 

scraperslpoker  background/size - 

measurement 

Schottky Longitudinal Beam dens i ty  i n  Mult iples  of Frequency analyzer  6 

scan pick-up e lec t rodes  momentum space fo (100 kHz) s i g n a l  averager  

Transverse v b v  i n  s t ack  
v h 

pick-up e lec t rodes  heraernn amplitude 

r f  knockout1 r f  e l e c t r i c  f i e l d /  vv 6 vh vs radius1 Pulse 6 swept r f  Harmonics of f  

empty bucket r f  cav i ty  c o r r e c t  working s i g n a l s  

scan l i n e  
! 

Beam p r o r i l c  Sodium j e t /  View beam c ross  Target dens i ty  mA t o  20 A 

monitor magnetic f i e l d /  sec t ion ldens i ty  equivalent  - lom9 
TV Tor r  



stacking,  acce le ra t ion  and coasting beam phases of the machine 

operation. Should the rad ia t ion  become excessive,  these rad ia t ion  

monitors w i l l  a l s o  t r igger  the beam dump system and thereby pre- 

vent damage to  the s torage r ing.  

The equil ibrium o r b i t s  of the two r ings  w i l l  be observed by 

a s e t  of 444 capaci t ive  pick-up electrodes.  This information 

w i l l  be used t o  cor rec t  the  o r b i t s  by properly powering the  d ipole  

correct ion windings i n  the  machine. It i s  c l e a r  t h a t  f o r  a 

s torage r i n g  the  c e n t r a l  o r b i t s  must be s t a b l e  over long periods 

of t i m e .  

As discussed i n  the vacuum sec t ion  of the proposal, the 

c lear ing e lec t rodes  a r e  needed i n  order t o  e s tab l i sh  a low value 

of neu t ra l i za t ion  of the  c i r c u l a t i n g  proton beams. I n  addit ion,  

i t  has been found a t  the  CERN ISR ( ~ r o b n e r  1976) t h a t ,  s ince  they 

a r e  p a r t i c u l a r l y  s e n s i t i v e  t o  the ion iza t ion  of the res idua l  gas, 

these electrodes can a l s o  serve as a very good means of measuring 

the low vacuum (< 10-11 Torr) i n  the chamber. I n  t h i s  way, it 

w i l l  be p r a c t i c a l  t o  observe the  vacuum condit ions a t  about a 

thousand locat ions  i n  the  two ISABELLE r ings .  

The Schottky scan technique, which has been developed a t  the 

CERN ISR (Borer 1974), i s  a  method of measuring the  shot noise 

spectrum a t  frequencies harmonically r e la ted  t o  the  p a r t i c l e  

revolucfon frequency i n  the  s torage r ing.  By observing the s i g -  

n a l  proportional  t o  the t o t a l  cu r ren t ,  one obtains a p r o f i l e  of 

the proton densi ty  versus momentum spread. Similar ly ,  when the  

s igna l  i s  derived from a pos i t iona l  s e n s i t i v e  e lec t rode,  one can 

obta in  the hor izonta l  and v e r t i c a l  tune values and thereby der ive  

the working l i n e  of the beam stack.  Since t h i s  type of o b ~ e r v a t i o ~ .  

does not  i n t e r f e r e  des t ruc t ive ly  with the beam, i t  should be an 

important d iagnost ic  t o o l  f o r  ISABELLE. 

Beam scrapers  and probes have a number of functions i n  a 

s torage r ing  (Bryant 1973). By posi t ioning them such t h a t  a 



change i n  beam i n t e n s i t y  i s  observed, one can evident ly  determine 

the s p a t i a l  l i m i t s  of the beam i n  both the r a d i a l  and v e r t i c a l  

planes. In  addi t ion,  such scraping can be used t o  decrease the 

halo of p a r t i c l e s  surrounding the more dense c e n t r a l  core of the 

beam and, as  a  consequence, reduce the rad ia t ion  background i n  

the r ing.  A t  the  CERN ISR, v e r t i c a l  scraping i s  a l s o  employed t o  

decrease the e f f e c t i v e  height of the s t ack  with a  r e s u l t a n t  in-  

crease  i n  luminosity. In Table 9  we have included the precis ion 

hor izonta l  and v e r t i c a l  scrapers  required. Additional f l ipp ing  

t a rge t s  and fixed coll imators w i l l  be necessary, but these do 

not have to  be precis ion un i t s .  

The physical  p r o f i l e  of the beam due t o  betatron o s c i l l a t i o n s  

and momentum spread, t h a t  i s ,  i t s  densi ty  d i s t r i b u t i o n  i n  a  plane 

transverse t o  i t s  d i r e c t i o n  of motion, i s  d i f f i c u l t  to  observe, 

p a r t i c u l a r l y  i f  the observation i s  not t o  i n t e r f e r e  with the beam. 

The sodium cur ta in  has been developed a t  CERN (Vosicki 1975) fo r  

t h i s  s p e c i f i c  purpose. By allowing the e lec t rons ,  produced by 

the beam crossing a  sodium vapor j e t ,  t o  impinge on a  f luorescent  

screen, a  two-dimensional p r o f i l e  of the proton d i s t r i b u t i o n  can 

be viewed on TV. Such a  p ic tu re  of the beam densi ty  and locat ion 

i s  c l e a r l y  helpful  i n  the operation of the machine. 

Control System 

There a r e  various functions t h a t  the control  system of 

ISABELLE must perform. These functions include the operation 

of the  machine, modification of operating parameters and pro- 

nedures, monitoring of parameters of i n t e r e s t ,  machine and en- 

ironmental protect ion,  and an array of support functions (book- 

keeping, program development, e t c . )  (Dimmler 1977, Mallory 1975a). 

In  l i n e  with the experience of o ther  large  accelera tor  con t ro l  

systems, under construction o r  operating (PEP 1974 Proposal, 

McDaniel 1975, Crowley-Milling 1975, Mallory 1975b, Daniels 1973), 

the con t ro l  system of ISABELLE w i l l  be b u i l t  around a  network 

of computers (Fig. 111.20). 
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Fig. 111.20. Block dia'gram of the overall control system for ISABELLE. 



The data  base subsystem w i l l  contain a complete record of 

the ISABELLE s t a t u s .  In addi t ion,  i t  w i l l  contain both reference 

data  and programs. This w i l l  be a a r e l a t i v e l y  sophis t ica ted  

midicomputer incorporating large  sca le  memory, large  capacity 

d isk ,  and other  peripherals .  The requirement of r e l i a b i l i t y  

d i c t a t e s  t h a t  two of these elements be incorporated. When i t  

i s  not  required a s  a back-up, the  second system i s  avai lable  f o r  

program development and numerical analysis .  

The general controls  subsystem supports the human fac to r s  

in te r face .  This i s  the means by which operators,  designers,  and 

experimenters communicate with the control  system. The main con- 

t r o l  room w i l l  contain three  control  consoles with a four th ,  

nominally dedicated t o  maintenance, located elsewhere i n  the s e r -  

v ice  building. These consoles a r e  driven by minicomputers and 

include graphics d isplays ,  cursor manipulation, touch panels, e t c .  

Design of the con t ro l  room consoles i s  an illportant aspect ,  s ince  

comprehensive monitor d isplays  and convenient operator in te rac t ions  

a r e  imperative. 

The e igh t  computers which have spec i f i c  names, ( r f ,  vacuum, 

r e f r i g e r a t i o n ,  e t c . )  should be considered a s  dedicated in te l l igence :  

they manage t h e i r  pa r t i cu la r  subsystem. The p a r t i c u l a r  subsystem 

of i n t e r e s t  may be connected l o c a l l y  t o  the dedicated in te l l igence  

(rf ,  fo r  example) or  i t  may be d i s t r ibu ted  geographically a t  some 

dis tance  (e.g.,  vacuum), o r  i t  may be a combination of the two 

( re f r ige ra t ion) .  A dedicated in te l l igence  has access to  a par- 

t i c u l a r  concentrated process I / O  system fo r  control  and monitoring 

f l oca l  process var iables .  It a l s o  communicates with the necessary 

mtions of the geographic process 110 network v i a  a message system. 

These dedicated in te l l igences  have l o c a l  per iphera ls  and can operate 

independently of the con t ro l  computer network, i f  necessary. For 

example, i f  the message system i s  not avai lable ,  the cryogenic re -  

f r i g e r a t o r  could s t i l l  be monitored and controlled.  The design 

takes f u l l  advantage of the inherent  para l le l i sm ava i l ab le  i n  

computer networks. 



The message subsystem is needed to effect communication 

between the various ISABELLE control elements. Following the 

SPS (Crowley-Milling 1975) example, the message system includes 

a computer which functions as a switching system and communications 

supervisor. It makes connections between computers and oversees 

the message traffic. This allows heavily loaded message links to 

be pinpointed, and general diagnostics of the message system to 

be per formed. 

In order to avoid undue complexity in the message subsystem 

and a subsequent decline in performance and reliability, a level 

of nonintelligent process I/O packages is introduced. The process 

110 networks are of two kinds. There are local clustered systems 

where the process variable density is high and it is cost effective 

to have a process I/O package dedicated to a single function. On 

the other hand where the process variable density for a single 

system is low a multifunction process 110 package geographically 

distributed around the ring is used. The use of such 110 units 

and a network avoids the deterioration of the analog signals over 

long distances. 

One would like the computer communication medium and the 

process I/O communication medium to be conceptually compatible 

and convertible. It this feature could be built into the system, 

it would be possible for computers to have .their functions performed 

by other computers without physically moving them. This would be 

very useful from the point of view of program development and 

reliability. IEEE standard number 488 (the General Purpose Lnter- 

face Bus) may be the basis for the L/u communication medium. 

' 

It is anticipated that microprocessors will be used on a 

large scale for what one might call "intelligent instrumentation." 

There are approximately 30,000 monitor and control points associ- 

ated with ISABELLE itself (see Table 10). Many of these variables 

can be locally processed. An intelligent instrument could monitor 



such var iables  and only communicate with the network when the 

var iables  exceed preset  l imi t s .  . o t h e r  poss ible  appl ica t ions  

a r e  i n  the f i e l d  of beam instrumentation. Such instrumentation 

w i l l  s i g n i f i c a n t l y  reduce the  da ta  flow over long dis tances .  

Table 10. Monitor and Control Variables in ISABELLE Rings 

No. of Sample or 
F m n  Variables Response Time Comments 

Monitor Variables 

Coil voltages - dipoles 2928 10 msec Includes correction coils 

Coil voltages - quadrupoles 2712 10 msec Includes correction coils 

Magnetoresistance probes 1464 10 msec Sextupole & dipole fields 
in all dipoles 

Helium pressure & temp. 2140 1 sec Each magnet 

Dewar vacuum 336 1 sec 

Ultrahigh vacuum gauges 1536 1 sec 

Mass spectrometer 336 100 msec 

Ion pumps 

rf system 

1176 1 sec 

200 0.1 - 10 sec 
Beam instrumentation - 5000 
Injection & ejection - 1500 See Table 9 

Helium refrigeration - 500 

Control Variables 

Magnet Power Supplies 458 
2000 

Programmable current 
Binary status control 

Sector ;,lves 84 Binary status control 

Sputter Ion Pumps 1176 Binary status control 

Titanium Getter Pumps 1536 

Bakeout Heaters 3708 

3 states - off, flash, outgas 
Binary status control 

Turbopumps 42 Bitrary SLatus kontrol 

rf System Programmable phase, voltage, 
loop gain 
Binary status control 

Helium Flow 12 Programmable 



Inherent i n  any system a rch i t ec tu re  i s  the concept of hard- 

ware/software t rade ,  i .e . ,  the proper se lec t ion  of hardware and 

software elements so  t h a t  an optimal configuration can be achieved. 

The proposed separated function a rch i t ec tu re  emphasizes the use 

of hardware (which has shown and continues t o  show a rapidly  

decreasing price/performance r a t i o )  while e f f o r t  has been made 

to  l i m i t  system software, c l e a r l y  a labor in tens ive  area. Added 

advantages of t h i s  approach a r e  the ease with which subsystems 

may be independently developed, more rapid  maintenance, and the 

p o s s i b i l i t y  of bypassing inoperative hardware f o r  continuous 

accel.era t o r  operat  ion. 



9. PHYSICAL PLANT AND EXPERIMENTAL HALLS 

Location of ISABELLE 

The locat ion of ISABELLE on the Brookhaven s i t e ,  as shown i n  

Fig. 1.2, was determined by beam a v a i l a b i l i t y  from the AGS, physical  

c h a r a c t e r i s t i c s  of the  s i t e  topography, r e l a t ionsh ip  of the  s i t e  

boundaries t o  the proposed r ing ,  proximity of ex i s t ing  s i t e  u t i l i t y  

systems and roadway networks, and f i n a l l y  the overa l l  impact on the 

ex i s t ing  ecology and the na tu ra l  environment. As presently 

)reposed, the s i t i n g  of ISABELLE has considered a l l  of 

che above i n  a manner consis tent  with sound engineering 

judgment and cos t  e f f e c t i v e  analysis .  The locat ion of the beam 

t rans fe r  l i n e  t o  the ISABELLE r i n g  e f f e c t i v e l y  uses the ex i s t ing  

H-10 beam tunnel,  and preserves those experimental areas present ly  

i n  use. The extension of t h i s  beam l i n e  to  the ISABELLE r i n g  i s  

both convenient and economical from the construction viewpoint. 

The s i t i n g  of the main ISABELLE r ing  recognizes the need fo r  

adequate r ad ia t ion  protect ion and s a t i s f i e s  t h i s  requirement by 

providing adequate d is tances  from the west and north s i t e  bound- 

a r i e s .  By coupling the major f a c i l i t i e s  of ISABELLE t o  the 

ex i s t ing  AGS se rv ices ,  the u t i l i t y  system, and access roadways 

necessary t o  support the new f a c i l i t y  were developed i n  a prudent, 

cos t  conscious and e f f e c t i v e  manner. A computer a s s i s t ed  analys is  

of a l l  earthwork ("cut and f i l l " )  has optimized f i n a l  e levat ions  

of magnet tunnel and the perimeter roadway, r e s u l t i n g  i n  minimum 

disturbance t o  the na tu ra l  surroundings of the proposed s i t e .  

Such considerations a r e  discussed i n  the Conventional F a c i l i t i e s  

"?sign Report (Ammann & Whitney 1977). 

Magnet and Beam Transfer Enclosures 

A cross  sec t ion  of the magnet enclosure i s  shown i n  Fig. 111.2. 

The enclosure, which has a t o t a l  length of 3834 m, w i l l  be con- 

s t ruc ted  of s t e e l  mul t ip la te  arch approximately 4.6 m wide by 

3.1 m high. It w i l l  be covered with 4.0 m of ea r th  for  r ad ia t ion  



shie lding,  t o  maintain ex te rna l  r ad ia t ion  below tolerance levels .  

The thickness of 4.0 m i s  indicated by experience from Fermilab 

and by Monte Carlo simulation calcula t ions .  To provide a con- 

se rva t ive  sa fe ty  fac to r ,  the  enclosure w i l l  be designed t o  permit 

a l a t e r  increase t o  6 m shie ld ing thickness i f  operating experience 

should show a need for  it. There i s  a lso  a need to  absorb muons 

t h a t  fan out  approximately t angen t i a l ly  i n  the median plane. This 

need i s  f i l l e d  automatically i f  the beam height i s  s u f f i c i e n t l y  

below grade level .  In  a l a rge  f rac t ion  of the r ing,  however, the  

grade level  i s  low enough t h a t  a muon sh ie ld  i s  needed around the 

e x t e r i o r  of the magnet enclosure. The r a d i a l  width of the sh ie ld  

w i l l  vary from 15 m to  a maximum of 120 m a t  one point ,  with a 

height 4.0 m above beam elevat ion.  A t  the beam dump and scraper 

locat ions  the  rad ia t ion  shie lding must be thicker than over the 

normal magnet r i n g  enclosure because most protons i n t e r a c t  there.  The 

thickness w i l l  be 6.7 m with s t rength  adequate for  increase  to  8.5 m. 

Access t o  the magnet enclosure w i l l  be from the experimental 

regions approximately every 640 m. Emergency e x i t  w i l l  be through 

perpendicular tunnels located throughout the r i n g  a t  i n t e r v a l s  of 

approximately 90 m. Equipment bays w i l l  be provided t o  house 

support services  f o r  the machine a t  these locations.  

The foundation f o r  the magnet enclosure w i l l  be a composite 

footing and slab-on-grade of re inforced concrete. Subsurface 

inves t igat ions  ( t e s t  borings) have shown t h a t  the subsoi l  around 

the ISABELLE s i t e  has a presumptive maximum bearing i n  excess of 
2 

59,000 kg/m , which ind ica tes  the simple s l ab  foundation fo r  the 

ring magaet w i l l  be e n t i r e l y  s a t i s t a c t o r y .  

The beam t ranspor t  enclosure w i l l  be constructed s imi la r ly  t o  

the main magnet enclosure but somewhat l e s s  i n  cross-sect ional  

area. I n t e r i o r  dimensions w i l l  be approximately 2.5 m wide by 

2.5 m high and embanked by 3.5 m of e a r t h  fo r  r ad ia t ion  shielding.  

The t o t a l  length of the s t r a i g h t  sect ion,  t r ans i t ion ,  and the two 

branches w i l l  be about 630 m. 



Support Buildings 

A t  each of the s i x  experimental regions a building of approx- 
2 

imately 140 m w i l l  be provided t o  house support services  fo r  

those areas.  These buildings w i l l  provide space f o r  se rv ice  equip- 

ment and r e s t  rooms fo r  the experimental h a l l s  and l imi ted  areas  

for  experimenter's use. Located i n  the v i c i n i t y  of the beam 

t ranspor t  area ,  a support building of approximately 460 mL w i l l  

be constructed and generally serve s imi lar  functions needed along 

the  beam t ranspor t  enclosure. 

ISABELLE Service .Building 

A t  a locat ion adjacent t o  the 5 o 'clock inse r t ion  and t o  the 

main magnet enclosure a large  operational  service  area w i l l  be 

constructed. The area  i s  an in tegra ted functional  complex of 

buildings housing the following main f a c i l i t i e s  : 1) se rv ice  

building with access tunnels;  2) e l e c t r i c a l  substa t ion;  3) helium 

compressor and u t i l i t y  compressor s t ruc tu re ;  4) helium s iorage 

yard; 5) access roads, c i r c u l a t i o n  roads and pavements; 6) parking 

areas ;  7) sidewalks; 8) cooling towers. 

The service  building w i l l  be developed as three  separa te  but 

i n t e r r e l a t e d  wings covering a t o t a l  of 4500 mL, each housing 

pa r t i cu la r  grouped functions.  The three  wings are :  a) the 

accelera tor  control  wing; b) the support wing, and c)  the cryo- 

genic equipment wing. The building i s  connected t o  the magnet 

enclosure by personnel u t i l i t y  access tunnels a t  both the cryo- 

genic equipment and support wings. The designs of the wings 

w i l l  d i f f e r  subs tan t i a l ly  because of the d i f ferences  i n  function. 

ne control  wing i s  t o  be a s t e e l  frame and masonry/concrete 

s t ruc tu re  providing e lec t ron ic  controls  and convenient adjacent 

o f f i c e  and work space. The support wing c o n s t i t u t e s  an i n d u s t r i a l  

area of r e l a t i v e l y  high c e i l i n g s  housing the shops and equipment 

necessary t o  maintain the functioning f a c i l i t y .  The cryogenic 

wing w i l l  be a high bay a rea  supporting the main helium r e f r i g -  

e r a t i o n  equipment. This wing w i l l  communicate with an adjacent 



outdoor a rea  i n  which the helium compressors a r e  t o  be located 

below grade. 

Roads and U t i l i t i e s  

Access t o  the proposed locat ion of the main r ing  and the 

i n j e c t i o n  t ranspor t  tunnel u t i l i z e s  the present  roadway systems 

without major a l t e r a t i o n  or  d isrupt ion t o  the ex i s t ing  operations.  

The new road network t o  ISABELLE i s  bas ica l ly  an extension of the 

present  system serving the AGS. From the e a s t  approach, Thompson 

Road and Railroad S t r e e t  w i l l  be extended to  the locat ion of the 

se rv ice  building and thence the main r ing.  From the west approach 

a new spur w i l l  connect Upton Road t o  the ISABELLE r i n g  .road. 

The perimeter o r  r ing  road w i l l  interconnect  each of the experi-  

mental regions a s  wel l  as  the access roads previously mentioned 

(Fig. 111.1). 

~ o m e s t i c  water, san i t a ry  system, steam & condensate, telephone 

and f i r e  alarm and the primary e l e c t r i c  se rv ice  w i l l  be provided 

from the present  u t i l i t y  networks which serve the AGS. These 

systems a r e  capable of extension and/or expansion with a minimum 

of a l t e r a t i o n  o r  modification. For the most pa r t ,  ample capacity 

e x i s t s  i n  such services  as water, san i t a ry ,  steam & condensate to  

allow a simple extension of -these f a c i l i t i e s  t o  the ISABELLE s i t e .  

I n  the  case of the primary power, a 50% expansion of the present 

substa t ion (AGS) i s  f e a s i b l e  and p r a c t i c a l  t o  provide the required 

se rv ice  fo r  the  accelera tor  systems and experimental needs; however, 

new ductbanks and cable  a r e  required. 

Experimental Areas , 

There w i l l  be four enclosed h a l l s  and two f ree  areas  so t h a t  

a l l  s i x  i n t e r s e c t i o n  regions can be used fo r  experimental purposes. 

A g rea t  v a r i e t y  of experiments w i l l  be possible a t  ISABELLE, with 

widely varying requirements..  Experiments concerned with p a r t i c l e s  

of small t ransverse  momentum require  t ransverse  dimensions not  

s i g n i f i c a n t l y  g rea te r  than those of the magnet enclosure. Experiments 



Fig. 111.21. P lan  view of  t h e  f i r s t  f l o o r  of t h e  s e r v i c e  b u i l d i n g  
which houses r e f r i g e r a t i o n  and vacuum equipment, 
c o n t r o l  room and computer, and o t h e r  f u n c t i o n s  
necessa ry  f o r  ISABELLE opera t ion .  Legend: 
A - e j e c t i o n  dump equipment a r e a ;  B - r f  and power 
supply  equipment a r e a s ;  C - computer suppor t ;  
D - computer room; E - low l e v e l  r f  and ins t rumen ta t ion  
l a b ;  F - mens t o i l e t ,  l ocke r  and shower f a c i l i t i e s ;  
G - lunch room; H - womens t o i l e t ,  l ocke r  and shower 
f a c i l i t i e s ;  J - vacuum equipment and l ab ;  K - shop; 
L - p a r t s  and t o o l  room; M - cryogenic  equipment 
c o n t r o l  room; N - cryogenic  equipment a r e a ;  
P - computer u s e r s  room; Q - ready room; R - main 
c o n t r o l  room; S - e l e c t r o n i c s  l a b o r a t o r y ;  T - t o i l e t ;  
U - k i t c h e n e t t e ;  V - o p e r a t i o n s  o f f i c e ;  W - o f f i c e ;  
X - lobby; Y - a t r ium;  Z - r f  s u b s t a t i o n .  



concerned wi th  p a r t i c l e s  of high t r ansve r se  momentum, whether 

l ep tons ,  hadrons, o r  perhaps s t i l l  o the r  types,  w i l l  r e q u i r e  

s u b s t a n t i a l  width and he ight .  Some experiments r equ i r e  only  

small  de t ec to r s ,  whi le  o t h e r s  need l a r g e  d e t e c t o r  systems and 

analyzing magnets. There a r e  four experimental h a l l s ,  two 

s u i t a b l e  f o r  l a r g e  d e t e c t o r s ,  a wide h a l l ,  and a narrow h a l l ,  

wi th  loca t ions  and dimensions shown i n  Table 11. I n  each case  

the  tunnel  ad j acen t  t o  t he  experimental h a l l  w i l l  be enlarged 

t o  6.0 m width .up t.o approximately 90 m from the  c ros s ing  poin t .  

Table 11. Dimensions of ~ n c l o s e d  Experimental Ha l l s  

Depth Below Crane 
Length Width Height Beam Capacity 

Locat ion (m) (m) (m) (m) ( tons)  

One o ' clock 80 . 8 6 1.75 10 

Five o '  c lock 16 4 2 12 3 40 

Seven o '  c lock 58 18 15 5 40 

Eleven o 'c lock  58 18 16 6 40 

The des ign  concept f o r  experimental h a l l s  i s  based on a c e l l u l a r  

cons t ruc t ion ,  wi th  wa l l s  of hollow concre te  boxes f i l l e d  with gravel  

t o  a t t a i n  t h e  r equ i r ed  sh i e ld ing  thickness.  The roof i s  of concre te  

beam cons t ruc t ion  covered i n i t i a l l y  wi th  2.1 t o  2.7 m of e a r t h ,  but 

c a p a b l e  of  suppor t ing  4,O t o  4!5 m. Footings and f l o o r  s l a b s  a r e  

conventional  r e in fo rced  concre te  cons t ruc t ion .  Cable t r a y s  f o r ,  

instrumentat ion and c o n t r o l  c i r c u i t s  a s  we l l  a s  ord inary  bui ld ing  

se rv i ces  (hea t ,  l i g h t ,  and power) w i l l  be i n s t a l l e d .  Direc t  t ruck  

access  w i l l  be provided through concre te  s h i e l d  doors fo r  bringing 

i n  experimental equipment and a c c e l e r a t o r  components and removing 

them when needed. A combiaarlon personnel and u t i l i t y  tunnel  w i l l  

connect each h a l l  w i th  i t s  support  bui lding.  

An open hardstand approximately 30 m by 45 m w i l l  be provided 

a t  a l l  enclosed h a l l s .  T r a i l e r s  o r  temporary bui ld ings  fo r  exper i -  

menters '  use w i l l  be loca ted  on i t , o r  ad jacent  t o  i t .  Typical 



experimental ha l l s  a re  shown schematically i n  Figs. III.22a, 

III.22b and 111.22~ with de t a i l s  of access tunnels omitted. 

The two f ree  areas w i l l  consist  of hardstands 80 m i n  length 

along the beam and 40 m i n  width perpendicular to  it ,  3.0 m below 

the beam line. A t  the ends concrete retaining walls w i l l  extend 

out from the tunnel. Movable concrete shielding blocks w i l l  be 

used t o  enclose the beam and any experimental equipment that  i s  

i n  place between the retaining walls. An appropriate weatherproof 

covering w i l l  a lso be provided. Most concrete blocks w i l l  be 

available from BNL inventory. This w i l l  provide f l e x i b i l i t y  

to  rearrange shielding and experimental setups i n  accordance 

with the future needs of the experimental program. Figure III.22d 

shows the possible appearance of a f ree area. Eventually these 

areas might be enclosed with permanent structures,  but t h i s  

proposal does not provide for doing so. 



QUADRUPOLE DOUBLEI 
Q1 AND QZ 

SHIELDING WALL 

- - L-aLEPTQN DEE- ------- 
F i g .  III.22a. Schematic view of the experhen-al hall  located a t  the 

"eleven o'clock insertion" as seen from insede the ring. 
The cut-away view shows the experimental space occupied 
by a large, hexagonally shaped lepton detector. 



ROOF SHIELDING 

OVER TUNNEL 

QUADRUPOLE DOUBLET 
Q1 AND Q2 

DETECTORS FOR HARD STAND 
TOTAL CROSS SECTION OUTSIDE WALL 

EXPERIMENT 

F i g .  III.22b. Schematic view of the experimental hal l  a t  the "one o'clock 
insertion" as seen from inside the ring. The cut-away 
view shows typical equipment for measuring the p-p total 
cross section located on both sides of the beam intersection 
region. 



QUADRUPOLE DOWLET 
Q1 AND Q2 

/ SHIELDING WALL 

ACCESS DOOR 

is==== 
VACUUM PIPE LEPTON DETECTOR 

Fig. 111.22~.  Schematic view of the experimental hall  located a t  the 
"seven o 'ctock insertion". The cut-away d e w  shows 
B lsrge apsrture spectrometer, labelled "hadran detector". 



CONCRETE BLOCK VACUUM PIPE HARD STAND RETAINING 
SHIELDING WALL 

Fig. EII.22d. Schematic view of the free area a t  the "three o'clock insertion" 
as seen from inside the ring. Concrete block shielding i s  shown 
enclosing the intersection, with a cut-away view depicting 
the vacuum pipes. 



10. OPERATION AND SAFETY 

The storage r ings  w i l l  be expected t o  operate f o r  extended 

periods of t i m e  r e l i a b l y  and safely.  Because of these objectives,  

s p e c i a l  ca re  w i l l  be taken with t h e  design and construction of the  

f a c i l i t y .  Prototype u n i t s  w i l l  be t e s ted  thoroughly so t h a t  

accurate and sensible  specif ica t ions  can be w r i t t e n  f o r  the  

technical  components. With inspection and t e s t i n g  it w i l l  be 

poss ible  t o  assure del ivery  of s a t i s f a c t o r y  components. 

The conventional f a c i l i t i e s  and experimental areas  w i l l  have 

design c r i t e r i a  specif ied  t o  provide a s a f e  environment f o r  

people as  we l l  a s  apparatus. During operation a l l  accelera tor  

and research personnel w i l l  be excluded from the  tunnels and 

research h a l l s  a t  ISABELU. The e a r t h  shielding t h a t  surrounds 

the  beam enclosure is sized t o  reduce the  background rad ia t ion  

i n  areas  occupied by experimental and accelera tor  physic is ts  t o  

acceptable levels .  I n  add i t ion , s i t e  access during operation w i l l  

be controlled so  t h a t  laboratory v i s i t o r s  a r e  protected. Shield- 

ing w i l l  be added i n  se lected areas around the  storage r i n g  so  

t h a t  the re  w i l l  be negl igible  rad ia t ion  problems f o r  the general  

p u b l i c  a t  t h e  s i t e  boundary. 

It is  expected t h a t  the  f a c i l i t y  w i l l  have extended periods 

of operation interrupred per iod ica l ly  f o r  an hour or so every 

day t o  provide experimenters with opportunit ies t o  i n s t a l l  or  

ad jus t  t h e i r  apparatus. Access t o  the  beam tunnels w i l l  be 

control led  so t h a t  only the  experimental h a l l s  mst be cleared 

before operation resumes. Every four  o r  f i v e  months the  e n t i r e  

f a c i l i t y  w i l l  be closed dawn f o r  maintenance and extensive 

modification. After  checking f o r  areas  of res idua l  radia t ion,  

the  tunnel and h a l l s  w i l l  be avai lable  f o r  general  work. A t  the  

end of these  periods,  t h e  whole f a c i l i t y  w i l l  be "searched and 

secured" before resuming operation. 



During operation the  entrances t o  a l l  the  rad ia t ion  areas 

w i l l  be locked. In ter locks  w i l l  be attached t o  the doors of a l l  

access points  so t h a t  the  proton beams w i l l  be shut down i f  the  

in te r lock  chain is broken. Appropriate administrat ive controls  

w i l l  be exercised so  t h a t  only qua l i f i ed  experimenters and 

accelera tor  personnel have access t o  the  beam regions. These 

individuals  w i l l  be required t o  wear personal r ad ia t ion  monitoring 

devices such as f i lm badges or dosimeters while working i n  radia-  

t i o n  areas.  

Instrumentation w i l l  be located around the r ings  t o  de tec t  

signs of beam misbehavior i f  t h a t  should a r i s e .  A t  such an 

occurrence, the beams w i l l  be e jec ted from the  r ings  i n t o  an 

ex te rna l  beam dump away from occupied areas.  It i s  expected t h a t  

t h i s  w i l l  be an infrequent occurrence, y e t  a necessary precaution 

t o  p ro tec t  people and equipment. 

F ina l ly ,  the  r ing  i s  located such t h a t  road access f0.r 

emergency equipment i s  straightforward.  I f  required,  f i r e  and 

other emergency vehic les  can come from t h e i r  s t a t i o n s  by c l e a r  

road t o  the service  buildings and experimental h a l l s .  



I V ,  COST ESTIMATE AND SCHEDULE 
1. COST ESTIMATE 

The c o s t  est imate,  c r i t i c a l  milestones, schedule and 

machine operating requirements are  presented i n  t h i s  sect ion.  

We have been extremely for tunate  i n  having avai lable  

Construction Planning and Design (CP&D) funds. This money was 

a l located by UOE t o  "provide cos t  est imates based on s u f f i c i e n t  

study t o  be a s  r e l i a b l e  a s  poss ible .  To t h i s  end the design 

of ISABELLE was brought t o  a s tage  where c r i t i c a l  advice, design 

considerations and independent review of complete systems could 

be made by outs ide  consul tants  and i n d u s t r i a l  firms. In  the  

est imate shown i n  Table 12 an a s t e r i s k  has been placed next t o  

those systems which have had CP&D funds used i n  reviewing major 

elements of t h a t  system or  the  e n t i r e  system. 

In  preparing the  cos t  est imate each component group provided, 

i n  a s  great  d e t a i l  a s  p ~ s s i b l e  f o r  t h a t  system, the cos t  of 

equipment, personnel requirements and time schedule f o r  a l l  phases 

of design and construction.  The p r i c ing  accuracy of a l l  aspects 

of t h e  est imate was g rea t ly  improved because of the ac t ive  

pa r t i c ipa t ion  by our consul tants  and industry. The documentation 

thus assembled by the  component group was presented t o  the 

"Finance committee" f o r  an  i n i t i a l  review and c r i t i q u e  and then 

a f i n a l  review p r i o r  t o  acceptance. A t  t h i s  point  the  accelera tor  

component c o s t s  were tabulated.  From the personnel f igures  

submitted, manpower f o r  assembly and t e s t i n g  was separated and 

costed with the component. A l l  o ther  personnel were costed in 

the Engineering Design Inspection and Administration (EDIA) 

category. Thus for  EDIA and assembly and t e s t  1630 man-years 
4 

'3; e f f o r t  through completion of const ruct ion i s  required. 
2' : 

The Architect-Engineering-Management (AEM) cos t  was s e t  a t  

16% of the cos t  of conventional f a c i l i t i e s .  This percentage is  
I 

w i t h i n  the l i m i t s  recommended by const ruct ion advisory services .  



We have included contingency funds in the estimate as follows: 

Accelerator systems: 

(variables for individual systems) 15 - 20% 
Facilities 15% 

EDIA 20% 

AEM 15% 

The estimate is in 1977 dollars and the escalation shown is 

within the guidelines suggested by ERDA. .The percentages are 

FY 77 - 79 salary and wages, A/E, and conventional facilities at 
7% per year and machine components at 6% per year. For the years 

thereafter all elements are escalated 6% per year. 

2. CRITICAL MILESTONES AND SCHEDULE 

An overall schedule for the ISABELLE Project is shown in ' 

Fig. IV.1. It is based on the following projected obligation 

authority (BNL, Schedule 44, 1977): 

FY78 FY79 FY80 FY81 FY87 m3 FY84 

($1000) 1,75O(CP&D) 80,000 82,000 29,000 20,000 16,000 11,000 

Total 239,750 

Target dates are as follows: 

Project Authorized 

Start Detailed Design of Buildings and 
Technical Components 

Start Clearing of Site 

Start Procurement of Accelerator 
Components 

'3 tart of Component Delivery 

dagnet Assembly Commences 

Partial Occupancy of Magnet Enclosure 

Beneficial Occupancy of Buildings and 
Start of Installation of Accelerator 
Components 

Ready to Start Beam Injection and Testing 

October 1978 

October 1378 

January 19 79 

January 1979 

October 1979 

June 1980 

June 1980 

January 1981 

October 1983 

Complete Construction - Accelerator Ready 
for HEP 



Ill MAGNET POWER SUPPUES 

IV VACUUM SYSTEM 
PUMPING STATIOK 

AUXILIARY EQUIPhltNT 

VI CORRECIION COIL SUPRlES 

VII CRYOGENIC SYSTEM 

Vlll CENTRAL CONTROL SY!TM 
(ONTROL (ONiOLE 
CONTROL NODES P::O 

FULL OCCUPANCY 

Fig.  1'2.1. Overall schedule for construction and test ing of ISABELLE to the 
beginning of the high energy physics research. The following 
abbreviations are used: PD - preliminary design, DD - detai led 
d e s i g n ,  B - bid. 



Table 12. Summary of Cost Es t imate  (Dol la rs  i n  thousands) 

Man-years T o t a l  

A .  Acce lera tor  Systems 

I .  I n j e c t i o n  system 

Magnets and power 
supp l i e s  

Vacuum sys  tem 

Col l imator ,  beam 
s top  

Serv ices  

Cont ro ls  & i n s t r u -  
mentat ion 

'Labor & miscel laneous 63.25 

$< 
11. Main magnet system 

Magnets, suppor ts ,  
i n s t a l l a t i o n  

Vacuum system and 
power leads 

Beam Dump 

F a u l t  p r o t e c t i o n  

Labor & miscel laneous 490.25 

111. Magxiet power supply 

Power supply & cab le  

Cont ro ls  

Labor & Miscellaneous 27.0 
4- 

I V .  Vacuum systemd' 

Bore tube,  pumps, power 
supp l i e s ,  va lves  

Bake-out system 

Pick-up and c l e a r i n g  
e l ec t rodes  

Labor & miscel laneous 145.0 



Table 12 (continued). Summary of Cost Estimate 

(Dollars in thousands) 

Man-years Total 

$: 
V. RF System 

, 
Stacking system - 
power amplifiers & 
cavities 

Accelerating system - 
power amplifiers & \ 

cavities 

Controls 

Labor & miscellaneous 77.5 

VI: Beam monitoring & 
correction controls 

Beam monitoring & 
instrumentation 

Correction coil power 
SUPP ly 

Labor & miscellaneous 43.0 
-k 

VII. Refrigeration system 

Refrigeration station 

Ambient t e u ~ p e t a l u r r  
piping h gas Storage 
plus gas 

Low temperature piphg 

Controls 

Labor & miscellaneous 155.0 
J- 

VIII. Central control system" 

Control console and computer 

Remote control nodes & 
cable lines 

Security systems 

Labor & miscellaneous 50.0 



Table 12 (continued). Summary of Cost Estimate 

(Dollars i n  thousands) 

Man-years Total  

B. Special  equipment 

I. Laboratory t e s t  
instruments 

11. Vehicle 

>k 
C .  F a c i l i t i e s  

I. Land improvements 

Storm drainage 

Roads & paved a reas  

Fencing & seeding 

11. Magnet enclosure 

Clearing, excavation, 
b a c k f i l l  

Tunnel s t ruc tu re  

Mechanical services  

E l e c t r i c a l  services  

111. Beam in jec t ion  tunnel  

Tunnel s t ruc tu re  

Modification t o  H-10 
tunne 1 

Mechanical s e r d c e s  

E l e c t r i c a l  services  

I V .  Experimental areas  

Large detector  h a l l s  (2) 

Large detector  h a l l  (1) 

Small angle h a l l  (1) 

Open areas  (2) 

V. Support buildings 

Experimental areas (6) 

In jec t ion  area  (1) 



Table 12 (continued). Summary of Cost Estimate 

(Dollars i n  thousands) 

Man-years Total 

V I  . ISABELLE service  bui ld inq 5,330 

Structure  2,520 

~ e c h a n i c a l  services  920 

E l e c t r i c a l  services  1,890 

V I I .  Gas Storage 

S t r u c  tlire 

V I I I .  U t i l i t i e s  

Domestic water 

Sanitary sewer 4 0 

Steam & condensate 

E l e c t r i c a l  - 69 kV 
primary 

E l e c t r i c a l  - 13.8 kV 
secondary 

Telephone & f i r e  alarm 110 

D. Architect  engineer (@ 16%) 
of f a c i l i t i e s  

E. Engineering, design, 
inspection,  ad~niu i s t ra t ive  
(57 9.0 manyears) 

Subtota l  

F. Contingency - f a c i l i t i e s  
@ 15%; accelera tor  systems 
@ 15-20%; EDIA @. 20%; A/E @ u7, 

}16.7% 

G. Escalation 1977-1979 S&W, A/E, 
conv. fac.  @ 14.5%, machine 
comp. @ 6% per year;  1979 thru 1984 - 6% per year 

H. Construction Planning and Design Funds (CP&D) 

TOTAL ESTIMATE ($1000) 



3. ANTICIPATED EQUIPMENT AND OPERATING NEEDS 

~quipment for Experimenters 

A general estimate has been made of the cost of equipment 

needed for experiments such as those described in Section V.3 .  

At this early stage the design of the experimental equipment is 

known, however, in much less detail than the design of ISABELLE 

itself, and the cost estimate is correspondingly to be considered 

preliminary and approximate. The possible experimental program 

described in Section V . 3  provides for some major pieces of experi- 

mental equipment to be in place and ready for operation at the time 

of ISABELLE turn-on. Consequently capital expenditures for the 

equipment begin four years before turn-on and the majority of the 

cost is incurred before the start of the physics program. This 

represents a vigorous approach aimed at extensive experimental use 

of ISABELLE as soon as practical. On the other hand, a continued 

growth in complexity of the experiments is assumed during the 

initial years of operation. Thus., the overall costs for the equip- 

ment to start the experimental program are spaced over a seven-year 

period from FY 80 to FY 86. 

This represents a projection many years into the future from 

the time of preparation of this proposal. It is not a plan for the 

research program during that period, nor for the equipment to carry 

it out. It is only an estimate to indicate the scope of equipment 

requirements, made as realistically as possible with a view of both 

physics objectives and the ability of the ISABELLE and its staff to 

support the research program. 

Research at ISABELLE will be carried out mainly by university 

,esearch groups, as has been the case at the AGS and before that 

at the Cosmotron. A considerable amount of equipment will be built 

at universities and brought to Brookhaven to carry out experiments. 

The largest components will undoubtedly be built at Brookhaven, 

however, as will a number of items of general usefulness in a 



succession of experiments. There are, however, many reasons fpr 

university groups to play a substantial role in the construction 

of all types of experimental equipment, and it is expected that 

they will do so. Some of the capital equipment costs would there- 

fore be incurred under university auspices, but it is not possible 

to estimate now what the fraction should be. Accordingly the 

estimates given here are for the total program cost, without a 

breakdown into Brookhaven and university fractions. 

The estimate of capital cost of equipment required to implement 

such an experimental program is shown in Fig. IV.2 as a function of 

time. This is an estimate of the funds required for equipment for 

a highly productive research program of realistic scope and schedule. 

The curve includes an allowance for the continuing need for various 

types of capital equipment for experiments, but not the smaller 

amount needed for ISABELLE operation and accelerator research. 

Labor costs are included and the same escalation factors are used as 

for the ISABELLE cost estimate. 

During the period from FY 80 to FY 86 the cumulative cost of 

equipment to implement the experimental program and cover its 

continuing needs for capital is $53,000,000. These figures do 

not include any provision for second-generation experimental equip- 

ment, since there is no way to estimate that at present. It would 

be reasonable to suppose, however, that by FY 87 some major new 

equipment would be proposed that would require an increase in the 

rate of equipment spending. 

Operating Personnel 

To give an indication of the magnitude of ef tort involved in 

the experimental program based at ISABELLE an estimate is given 

for the number of operating personnel required for full-scale 

utilization. This includes the operation of the AGS to inject 

protons into ISABELLE and also to provide test beams needed to 

check out equipment for use at ISABELLE. It also includes limited 



TIME,  BY FISCAL YEAR 

Fig. IV.2 .  Capital c o s t  per year needed for ISABELLE experimental 
program according t o  present estimate, to FY 1986. 



support s t a f f  fo r  two large  detector  f a c i l i t i e s ,  assumed t o  be 

equivalent  t o  the Lepton Detector and the Large Apert'ure Spectrom- 

e t e r .  In o ther  areas  experimental support w i l l  be provided for  

i n s t a l l a t i o n  and removal of large  equipment, service  fo r  major 

magnets and power suppl ies ,  provision of standardized e lec t ron ics ,  

and program coordination. Thus the operating s t a f f  i s  consis tent  

with the scope and schedule of the projected research program 

and the  equipment required f o r  i t s  implementation. People doing 

full- t ime p a r t i c l e  physics research a r e  not  included. The est imate 

i s  only f o r  ISABELLE operation and does not include any provision 

f o r  a research program with conventional AGS beams, which would 

requ i re  add i t iona l  operating s t a f f .  

The projected experimental program begins on a small sca le  

t i m e d i a t e l y  a f t e r  turn-on of ISABELLE, and e s s e n t i a l l y  fu l l - sca le  

u t i l i z a t i o n  of i t s  c a p a b i 1 i t i e s . i ~  reached wi thin  two years time. 

The required operating s t a f f  i s  then estimated t o  be: 

S c i e n t i s t s  

Professional  

Technical 

Total  

The overa l l  high-energy physics e f f o r t  would include members of 

research groups a t  Brookhaven and from many other  i n s t i t u t i o n s ,  

as  wel l  as  the above ISABELLE operation s t a f f .  The number of 

physic is ts  involved i n  the research program i s  estimated t o  be 

20C t o  300, primarily from un ive rs i t i e s .  These research groups 

w i l l  probably a l s o  have a considerable number of engineers and 

technicians working with them i n  the .conduct of t h e i r  experiments. 



Table 13. ISABELLE Parameter List 

Energy 

Maximum energy 400 X 400 GeV 

Equivalent accelerator energy 340,000 GeV 

Energy range, center-of-mass 60 - 800 GeV 

Luminos i tv 

Standard insertion, 400 GeV 

Standard insertion, 30 GeV 

Low-beta insertion, 400 GeV 

High luminosity insertion, 400 GeV 

Lattice 

Circumference (4 314 x CAGS) 

Insertion length 

Regular cell length 

Matching section length 

Horizontal separation of o r h i t s  

Distance between magnets D-D 

Distance between, magnets D-Q 

Tune (vh = vv) 

Transition energy ( y  ) t r 
Amplitude function cell, 'max 
sximum dispersion, X 

P 
hase advance. per cell 

Uncorrected chromaticity, standard ring 

Operating chromaticity 

-2 -1 
2.3 x cm sec 

0.6 x cm-2sec-1 

4.5 x 10 32 cme2sec-I 
-2 -1 

1 x cm sec 

12 x 59.6 m 

94 cm 

0.90 rn 

1.00 m 

22.6 

19.1 

67.2 m 

2.64 m 

-- 90 deg 
- 33 

2 



Table 13. ISABELLE Parameter List (continued) 

Standard Experimental Insertions 

B* (Low-beta insertion) v 7.5 (2) m 

% 30 m 

Maximum B (Low-beta insertion) 153 (550) m 

Total free space around crossing point 60 m 

Crossing angle 

, 
Magnet System 

Bending field at 400 GeV 

at 29.4 GeV 

Operating temperature 

.. Number of dipoles (2 rings) 

Regular dipole length effective 

laminations 

Dipole current @ 50 kG 

Stored energy @ 50 kG/dipole 

Vacuum chamber aperture (warm bore) 

Main coil i.d. 

Number of quadrupoles (2 rings) 

Regular quadrupole gradient 

Stored energy/quadrupole 

Quadrupole length effective 

larninacions 

Cryogenic System 

Estimated heat load, 3.8 K 

Refrigeration capacity, 3.8 K 

Refrigeration capacity, 55 K 

Power requirement of compressors 

Cooldown time 

Cooldown weight 

9.4 mrad 

13 kw 

19 kw 

35 kW 

16 MW 

15 days 
G 

5 X 10 kg 



Table 13. ISABELLE Parameter List (continued) 

In j ec t ion 

AGS energy 

Number protons/~~S pulse 

AGS normalized emittance E 
v 

1 
Eh 

Longitudinal phase space per bunch, A 

ISA currentiring 

Number protons/ring 

Number AGS pulses stackedlring 

Momentum spread of stack 

Maximum stacked beam size at 30 GeV 

rf Frequency, stacking system 

rf voltage 

Impedance tolerance Z/n 

Tune spread 

29.4 GeV 

2.7 x 10 12 

1.06 eV* sec 

8 A 

* 6.4 x 10 14 

- 300 
1.0 % 

4.45 MHz 

12 kV 

-- 10 R 

Acceleration 

Duration - 4 min 
rf frequency (h = 3) 235 kHz 

Energy gainiturn 0.7 to 25.6 keV 

Peak rf voltageiring 4 X 12 kV 

Total rf poweriring 2 MW 

Maximum momentum spread at 30 GeV, bunched 1.9 % 

Momentum spread at 400 GeV - 0.1 % 
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