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Summary 

The c h a r a c t e r i s t i c s  of f i v e  a c c e l e r a t o r s  
designed f o r  energ ies  exceeding 3 GeV a r e  
discussed.  The f e a t u r e s  of t h e  Cornel l  
10 GeV machine are descr ibed i n  some 
d e t a i l .  

There are now i n  t h e  world a t o t a l  
of 5 e l e c t r o n  synchrotrons under cons t ruc t ion  
o r  opera t ing  which have a design energy 
exceeding 3GeV. These are, i n  order  of 
t h e i r  energy, t h e  B r i t i s h  machine Nina 
a t  Daresbury, The Cambridge Elec t ron  Accelerata 
Cambridge, the Russian machine a t  Eravan, 
t h e  German Machine DESY a t  Hamburg, and 
t h e  Cornel l  machine a t  I t h a c a .  Of these,  
t h e  a c c e l e r a t o r s  a t  Erevan and Cornel l  
are not  y e t  complete. 
some comparative information concerning 
these  machines. 

On scanning t h i s  t a b u l a t i o n ,  w e  f i n d  
a broad s i m i l a r i t y  of t h e  c h a r a c t e r i s t s  
of most of t h e  machines. 
of,-yina, the c u r r e n t  r a t i n g s  are about 
10- /pulse .  I n j e c t i o n  f i e l d s  are about 
50 gauss, and t h e  o r b i t  r a d i u s  i s  such 
t h a t  t h e  f i e l d  s t r e n g t h  a t  f u l l  energy i s  
less than 8,000 gauss. 
l i m i t a t i o n  on energy due to  t h e  energy l o s t  
i n  synchrotron This  energy 
l o s s  per  t u r n  goes l i k e  E /R and some r e l i e f  
can thus be  obtained by going t o  l a r g e r  
rad ius .  Though i t  may seem a t  f i r s t  s i g h t  
t h a t  t h i s  could cause an over a l l  i n c r e a s e  
i n  t h e  c o s t  f o r  t h e  magnet, t h i s  is not 
n e c e s s a r i l y  so, s i n c e  t h e  maximum f i e l d  
requi red ,  t h e  t o t a l  mass of i r o n  and copper 
and t h e  t o t a l  power a l l  decrease  wi th  a 
l a r g e r  r i n g  diameter. The p r i n c i p a l  f a c t o r  
increas ing  t h e  c o s t  of t h e  machine as a 
r e s u l t  of t h e  l a r g e  r a d i u s  is t h e  increased  
length  of tunnel ,  t h e  tunnel  supply f a c i l i t i e s  
and t h e  inconvenience of working with a 
machine of l a r g e  rad ius .  There is a l s o  
a slow decrease  i n  acceptance a p e r t u r e  
f o r  cons tan t  phys ica l  a p e r t u r e  of t h e  machine. 

t h e  years  s i n c e  t h e  advent of t h e  s t r o n g  
focussing machine. With increased experience 
we have found t h a t  t h e r e  are a wide v a r i e t y  
of working choices  p o s s i b l e  f o r  t h e  l a t t i c e  
of an a c c e l e r a t o r .  Without s e r i o u s  loss, 
one may design a l a t t i ce  f o r  a wide 
of combinations of s t r a i g h t  s e c t i o n s  and 
magnet lengths .  

Table  I gives  

With t h e  except ion 

This  r e f l e c t s  the* 

One th ing  has  become q u i t e  clear i n  

range 

'r Y 

The two main problems of e l e c t r o n  synchrotrons 
are t h e  provis ion  of high energy and h igh  
i n t e n s i t y .  
s i n c e  i n  order  t o  o b t a i n  l a r g e  v o l t a g e  per  
t u r n ,  a h igh  shunt  impedance f o r  t h e  cavi ty  
is des i red ,  whi le  f o r  t h e  high beam c u r r e n t s ,  
because of t h e  out-of-phase vol tages  induced 
by the beam i n  t h e  c a v i t y  i t s e l f ,  a low 
impedance i s  t o  be  d e s i r e d .  To my knowledge 
t h e r e  is not  y e t  a genera l  s o l u t i o n  t o  these 
problems, though t h e r e  are p a r t i a l  s o l u t i o n s .  

The t o t a l  captured beam is  l i m i t e d  by 
var ious  f a c t o r s :  i n j e c t e d  beam c u r r e n t ,  
phase space,  i n j e c t i o n  energy, space charge, 
RF loading a t  i n j e c t i o n  t i m e .  It does not  
now seem t o  be  d i f f i c u l t  t o  provide a l l  
t h e  i n j e c t e d  c u r r e n t  which can be  accomodated 
by t h e  RF system. A t  i n j e c t i o n  time, t h e  
RF loading i s  p a r t i c u l a r l y  bad. 
t h i s  d i f f i c u l t y ,  i t  has  been found usefu l  
t o  r e j e c t  those e l e c t r o n s  from t h e  i n j e c t e d  
beam which would be l o s t  i n  t h e  capture  
process .  This  can b e  done by making t h e  
Linac i n j e c t o r  a harmonic of t h e  RF system, 
which must be  a harmonic of t h e  o r b i t a l  
frequency. The i n j e c t o r  may then be  modulated 
and bunched so t h a t  only those e l e c t r o n s  
i n  an acceptab le  RF phase are admitted t o  
t h e  r i n g .  

Various schemes may be  t r i e d  t o  l i m i t  
t h e  d e l e t e r i o u s  e f f e c t  of beam loading on 
t h e  RF. 
t h e  "Q" of t h e  c a v i t y  system. 
i s  t o  detune t h e  c a v i t y  a t  i n j e c t i o n  t i m e  
s o  that t h e  out-of-phase dr iv ing  c u r r e n t s  
balance t h e  e f f e c t s  induced by t h e  c i r c u l a t i n g  
beam. Both of t h e s e  approaches are being 
s tudied .  

provided f o r  most synchrotrons.  
of e x t e r n a l  e l e c t r o n  beams has  become q u i t e  
convent ional .  Severa l  a c c e l e r a t o r s  now 
are preparing to  provide acce lera ted  beams 
of p o s i t r o n s  of moderate i n t e n s i t y .  Recently 
an experimental  s tudy has  been undertaken 
a t  C$A t o  convert  t h a t  a c c e l e r a t o r  i n t o  
an e ,e  c o l l i d i n g  beams device using 
what is c a l l e d  a "by pass" system. 
systepl has been descr ibed i n  paper F2. 

The high q u a l i t y  performance of t h e  
e x i s t i n g  machines and assoc ia ted  f a c i l i t i e s  
a t tes t  t o  t h e  thought fu l  design and c a r e f u l  
execut ion by t h e  b u i l d e r s  of t h e s e  machines. 
A clear understanding of t h e  b a s i c  problems 
and t h e i r  p r a c t i c a l  s o l u t i o n  has  been demonstrated. 

These t w o  problems are n o t  unre la ted ,  

To minimize 

One may t r y  by some device t o  lower 
Another p o s s i b i l i t y  

Various a u x i l i a r y  f a c i l i t i e s  are being 
Slow e x t r a c t i o n  

This  
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I would l ike  now t o  swi tch  t o  a d iscuss ion  
of t h e  Corne l l  10 G e V  synchrotron which 
i s  near ing  completion i n  I thaca .  
t h i s  machine has  c e r t a i n  unconventional 
f e a t u r e s  which make its c h a r a c t e r i s t i c s  
q u i t e  d i f f e r e n t  from earlier machines, I 
w i l l  d e s c r i b e  i t  i n  some d e t a i l .  

The two f e a t u r e s  which have r a d i c a l  
i n f l u e n c e  on t h e  d e t a i l s  of the des ign  are 
t h e  o r b i t  r a d i u s  and t h e  vacuum chamber. As 
discussed  above, a l a r g e  o r b i t  r a d i u s  reduces 
t h e  RF problems f o r  high energy. 
machine, th i s  i s  explo i ted  by choosing t h e  
magnetic r a d i u s  t o  be  100 meters making the 
magnetic f i e l d  a t  the o r b i t  only 3,300 gauss 
at  10 GeV. This reduces t h e  t o t a l  weight 
of copper and i r o n  p e r  u n i t  l ength  of t h e  
magnet t o  a very low v a l u e  (195 l b / f t )  and 
makes t h e  magnet very small i n  c ross  s e c t i o n a l  
area, (8" xll - l /2")  . 

The d i s t i n c t i v e  c h a r a c t e r i s t i c  of the 
vacuum system is  t h a t  it is  incorpora ted  i n  
t h e  magnet design s o  t h a t  no vacuum "donut" 
i s  used i n  the gap, b u t  i n s t e a d ,  the whole 
magnet is enclosed i n  a vacuum can. The 
most important  e f f e c t  of t h i s  i s  t h a t  none 
of t h e  gap he ight  is consumed by donut w a l l .  
This may save up t o  30 percent  i n  usable  gap 
he ight  and makes it easier t o  o b t a i n  a wide 
region of good f i e l d  g r a d i e n t  f o r  a given 
pole  width. It  a l s o  reduces t h e  requi red  
ampere t u r n s  which f u r t h e r  reduces t h e  magnet 
weight and power l o s s .  

i s  shown i n  f i g u r e  1. The guide f i e l d  c o n s i s t s  
of 192 magnets arranged as shown. They a r e  
grouped i n t o  s i x  c i r c u l a r  s e c t o r s  separa ted  
by s t r a i g h t  s e c t i o n s .  
are two 40 E t .  s t r a i g h t  s e c t i o n s ,  w h i l e  t h e  
remaining 4 s t r a i g h t  s e c t i o n s  are 20 f e e t  
long. The average r i n g  diameter i s  about 
800 f t . ,  approximately t h e  s i z e  of t h e  Brookhaven 
AGS. One of t h e  40 f o o t  s t r a i g h t  s e c t i o n s  
is loca ted  i n  t h e  main experimental h a l l ,  
whi le  t h e  o ther  i s  i n  a cavern loca ted  on 
t h e  opposi te  s i d e  of t h e  r i n g .  These long 
s t r a i g h t  s e c t i o n s  a r e  designed t o  permit access  
t o  t h e  c i r c u l a t i n g  beam f o r  experimental purposes. 

The RF c a v i t i e s  are loca ted  i n  the  four  twenty 
f o o t  s t r a i g h t  s e c t i o n s .  

The f o r t y  f o o t  s t r a i g h t  s e c t i o n s  are of 
t h e  Col l ins  type with two s m a l l  quadrupoles 
mounted i n  t h e  c e n t e r  of t h e  gap, The twenty 
f o o t  s e c t i o n s  have s p e c i a l  guide f i e l d  magnets 
ad jacent  t o  t h e  s t r a i g h t  s e c t i o n s  which p e r n i t s  
t h e  gap t o  be  l e f t  completely unencumbered. 
This modif icat ion of t h e  Col l ins  idea  was 
devised by D. Edwards. A l i n a c  i n j e c t o r  of 
150 MeV is loca ted  i n s i d e  t h e  r i n g  t o  provide 
s i n g l e  t u r n  i n j e c t i o n  onto t h e  o r b i t .  

a tunnel  having a c ross -sec t iona l  diameter 
of 10 f e e t .  
machine about 45 f e e t  under t h e  a t h l e t i c  f i e l d  
a t  Cornel l .  It breaks out of t h e  e a r t h  on 
one s i d e  i n t o  one of I t h a c a ' s  gorges. The 
labora tory  bui ld ing ,  inc luding  experimental h a l l ,  

Because 

In the Corne l l  

The phys ica l  l ayout  of t h e  a c c e l e r a t o r  

On one diameter  t h e r e  

The guide f i e l d  magnets are l a i d  out  i n  

This  tunnel  was  bored by a tunneling 

l i n a c  and services, o f f i c e s  and labora tory  
space is a s t r u c t u r e  s t r a d d l i n g  t h e  r i n g  
and n e s t i n g  i n t o  t h e  bank of t h e  gorge. There 
i s  area f o r  f u t u r e  expansion of t h e  experimental 
area. 

In f i g u r e  2 is shown t h e  p r o f i l e  of t h e  
magnet. Each magnet i s  a s i n g l e  l e n s  b u i l t  
up of 0.014 i n c h  steel laminat ions s tacked  
i n t o  a linear assembly of 11 f e e t  length .  
The magnet i s  "H" type and is cons t ruc ted  
using lamina t ions  which are s p l i t  i n  t h e  
median plane.  P r e f a b r i c a t e d ,  vacuum-potted 
e x c i t a t i o n  c o i l s  are placed i n  a l o o s e  s tacked 
h a l f  magnet and then t h i s  assembly is vacuum 
pot ted .  
i n  t h i s  way, they are keyed and glued together ,  
and a 0.030" s t a i n l e s s  s tee l  vacuum j a c k e t  
is welded over t h e  whole assembly. 
are formed of water cooled cable  c o n s i s t i n g  
of a 5/16" diameter  hollow c e n t r a l  copper 
tube surrounded by 10 i n s u l a t e d  s t r a n d s  of 
#8 copper w i r e .  

a given s t o r e d  energy we  chose t o  make t h e  
gap he ight  i n  t h e  v e r t i c a l l y  focussing and 
defocussing l e n s e s  of d i f f e r e n t  va lues ,  namely 
1-1/2" and 1" respec t ive ly .  This gap i s  
small compared t o  o t h e r  machines, p a r t l y  
because of t h e  absence of t h e  donut and p a r t l y  
because t h e  a p e r t u r e  provided is less conservat ive 
than i n  o t h e r  machines. 

and t h e  i r o n  are contained i n s i d e  t h e  vacuum 
j a c k e t  of t h e  machine, t h e  vacuum is not  
as good as expected i n  a n  all metal system. 
However, we have begn a b l e  t o  obta in  a vacuum 
of t h e  %der of 10 mm of Hg. We expect  
t h e  oper t i n g  pressure  t o  be  s l i g h t l y  g r e a t e r  
than 10 
f o r  t h e  opera t ion  of t h e  machine. The magnets 
are mounted on an I beam, two per  beam. 
These beams are supported by t a b l e s  every 
25 f e e t .  One o i l  d i f f u s i o n  vacuum pump is  
provided a t  each tab le .  

The chosen l a t t i ce  is  such t h a t  10-314 
b e t a t r o n  o s c i l l a t i o n s  are made per  tu rn .  
This  means t h a t  t h e  magnet alignment is e s p e c i a l l y  
s e n s i t i v e  t o  magnetic d i s t o r t i o n s  corresponding 
t o  t h e  10th and 11th azimuthal  o r i b i t a l  harmonics. 
A conventional high p r e c i s i o n  survey g r i d  
cons is t ing  of 36 p o i n t s  w a s  provided, b u t  
w i t h i n  t h i s  g r i d ,  t h e  i n d i v i d u a l  magnets 
were loca ted  by a magnet-to-magnet of f - se t  
survey using s t r e t c h e d  wires  and c a l i b r a t e d  
bars .  

To c o n t r o l  t h e  p o s i t i o n i n g  of t h e  magnets, 
t h e  magnets are mounted wi th  a dynamic support 
system which is  remotely cont ro l led  and ind ica ted .  
This  permits t h e  movement of magnets by opera t ion  
from t h e  c o n t r o l  room whi le  t h e r e  i s  a beam 
i n  t h e  machine. The complete c o n t r o l  system 
f o r  t h e  machine makes use  of a mul t ip lex  
system t o  c o n t r o l  and monitor these  and o t h e r  
operat ions of t h e  machine. This c o n t r o l  
system is descr ibed i n  d e t a i l  i n  paper 1-6 

A f t e r  t h e  two ha lves  are formed 

The c o i l s  

I n  o r d e r  t o  opt imize t h e  a p e r t u r e  f o r  

A s  one might expect ,  because t h e  c o i l s  

-3 mh which should b e  q u i t e  s a t i s f a c t o r y  

submitted t o  t h i s  meeting. 
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The magnet e x c i t a t i o n  system is  resonant 
a t  60 c/s. 
t h e  inductance of t h e  magnets are d i s t r i b u t e d  
about t he  machine. Figure 3 shows t h e  
e x c i t a t i o n  scheme. The D.C. b i a s  supply 
i s  d i s t r i b u t e d  i n  t h e  s i x  s t r a i g h t  s ec t ions  
of t h e  machine. I n  order  t o  permit t h e  
D.C. t o  by pass t h e  condensers, chokes 
are used i n  p a r a l l e l  with each condenser 
and the  whole system is  exc i t ed  by a s i n u s o i d a l  
d r iv ing  vo l t age  coupled t o  each of t he  chokes 
as shown. The serial  arrangement of condensers 
and magnets maintains  the  maximum vo l t age  
t o  ground a t  any one po in t  t o  be less than 
500 v o l t s  r . m . s .  The t o t a l  power requirement 
f o r  10 GeV ope ra t ion  i s  only 770 K e V  including 
a l l  l o s ses .  

The i n j e c t o r  of t h e  machine i s  an S- 
band l i n a c  designed f o r  a f u l l  load volr2ge 
of 150 MeV. It can i n j e c t  up t o  2 x 10 

with a momentum r e s o l u t i o n  of p lus  o r  minus 1 / 2  
peffent .  We expect t o  cap tu re  approximately 
10 
rate. 
t h e  r i n g  i s  made using an achromatic s i n g l e  
t u r n  pulsed i n f l e c t o r .  
system c o n s i s t s  of 3 f ixed  f i e l d  bending 
magnets, two quadupole p a i r s  and a pulsed 
magnetic i n f l e c t o r .  

The o r b i t  frequency, t he  a c c e l e r a t i n g  
frequency and t h e  l i n a c  frequency are mul t ip l e s  
of each o the r .  The RF frequency, 714.94 
MHz is 1 / 4  t h a t  of t h e  l i n a c  frequency, and 
is 1800 t i m e s  t h a t  of t h e  r evo lu t ion  frequency. 
Thus t h e  l i n a c  may be modulated s o  t h a t  i t  
i n j e c t s  i n t o  a running RE' i n  t h e  proper phase 
t o  minimize t h e  l o s s  of beam, t h e  consequent 
loading of t h e  RF c a v i t i e s  and r a d i a t i o n  
d e t e r i o r a t i o n  of t h e  magnet. The RF power 
i s  suppl ied by a mul t ip l e  c a v i t y  which looks 
l i k e  a cross  between a l i n a c  s t r u c t u r e  and 
a conventional cav i ty .  The t o t a l  RF power 
required i s  134 kW average and 500 kW peak. 

Low f i e l d  s t e e r i n g  c o i l s  are provided 
a t  50 po in t s  on t h e  o r b i t ,  wh i l e  low f i e l d  
g rad ien t  co r rec t ions  may be made a t  12 po in t s .  
Ce r t a in  co r rec t ions  of t h e  f i e l d  a t  high 
f i e l d  can be made by s u i t a b l e  displacements 
of t h e  magnet p o s i t i o n s  and t h i s  may be supp- 
lemented by high f i e l d  g rad ien t  c o r r e c t i o n s  
a t  c e r t a i n  po in t s  around t h e  machine. 

by 50 p o s i t i o n  and i n t e n s i t y  d e t e c t o r s  which 
are loca ted  around t h e  machine. The o r b i t  
behaviour may be f u r t h e r  s tud ied  by inducing 
s u i t a b l e  beam bumps i n  t h e  o r b i t  t o  determine 
t h e i r  e f f e c t  on t h e  o r b i t .  

from t h e  machine w i l l  be photon beams. 
w i l l  e x i t  through t h e  s i d e  w a l l  of guide 
f i e l d  magnets which have been modified t o  
provide a channel f o r  t h e  emerging beam. 
I t  is a n t i c i p a t e d  t h a t  w i th in  a s h o r t  time 
a f t e r  t h e  machine begins  ope ra t ion  a program 
w i l l  b e  i n i t a t e d  t o  o b t a i n  an e x t e r n a l  e l e c t r o n  
beam. r e v e r a l  o t h e r  items a r e  being considered 

The condensers which resonate  

e l e c t r o n s  per 2-112 microsecond pu l se  

e l ec t rons  per  pu l se  with a 60 c/s r e p e t i t i o n  
The i n j e c t i o n  from the  i n s i d e  of 

The complete i n f l e c t i o n  

The behaviour of t h e  beam may b e  analyzed 

The f i r s t  beams which w i l l  be  obtained 
These 

f o r  f u r t h e r  development. It i s  a n t i c i p a t e d  
t h a t  an e l e c t r i c a l  mod i f i ca t ion  t o  t h e  magnet 
e x c i t a t i o n  c i r c u i t  w i l l  e v e n t u a l l y  provide 
a f l a t  top t o  t h e  a c c e l e r a t i o n  cycle .  
is use fu l  i n  extending t h e  p r a c t i c a l  duty 
cycle  from about 1/15 t o  as much as 113. 
undamping may make t h i s  d i f f i c u l t  a t  t h e  top 
energy of t h e  machine bu t  may b e  overcome 
by s p e c i a l  damping f i e l d s  of t h e  s o r t  proposed 
by K.W. Robinson.The l i n a c  arrangement has 
been designed t o  permit i n s t a l l a t i o n  of a 
pos i t ron  source a t  a f u t u r e  d a t e .  

Probably one of t h e  most i n t e r e s t i n g  consider- 
a t i o n s  is t he  p o s s i b i l i t y  of i nc reas ing  t h e  
energy of t h e  synchrotron above t h e  nominal 
design energy. Because t h e  magnetic f i e l d  
i n  t h e  r i n g  magnets i s  s o  low, i t  was r e l a t i v e l y  
inexpensive t o  provide f o r  t h e  p o s s i b i l i t y  
of increasing t h e  f i e l d  w e l l  above t h e  design 
energy. The magnets may r e a d i l y  be exc i t ed  
t o  15  GeV e x c i t a t i o n  without  high f i e l d  d i s t o r t i o n .  
E t  a l s o  appears p o s s i b l e  t o  go w e l l  beyond 
15 GeV e x c i t a t i o n  i f  s u f f i c i e n t  power is suppl ied.  
Many of t h e  components of t h e  e x c i t a t i o n  c i r c u i t  
were made s u i t a b l e  f o r  1 5  GeV e x c i t a t i o n  a t  
a r e l a t i v e l y  minor i n c r e a s e  i n  c o s t .  As 
a r e s u l t ,  t h e  main d i f f i c u l t y  i n  a r r i v i n g  
a t  15  GeV o r  even h ighe r  i s  t h e  amount of 
R F power required.  
ing 
cycles  o r  less f r equen t ly  , and by "brute  
forcing" t h e  RF system i n  terms of numbers 
of c a v i t i e s  and amount of power supp l i ed ,  
i t  should be r e l a t i v e l y  easy t o  exceed 
15  GeV f o r  t h e  peak e l e c t r o n  energy. 
it trill  b e  necessary t o  provide damping 
magnets t o  overcome t h e  antidamping of 
t h e  b e t a t r o n  o s c i l l a t i o n s  t h a t  r e s u l t  from 
t h e  synchrotron r a d i a t i o n .  Table 2. g ives  
a summary of t he  nominal parameters f o r  
t h e  machine. 

were made i n  October, 1966 when a s e c t i o n  
of t h e  l i n a c  s u f f i c i e n t  t o  provide 50 MeV 
e l ec t rons  w a s  set up i n  a temporary s h e l t e r  
t o  i n j e c t  e l e c t r o n s  through t h e  f i r s t  213 
of t h e  o r b i t .  The system w a s  found t o  behave 
i n  t h e  expected manner. 

By t h e  end of t h i s  week we  expect t o  make 
our  f i r s t  t r y  f o r  a coas t ing  beam i n  t h e  machine. 
With luck ,  we may even be a b l e  t o  a c c e l e r a t e  
it t o  a few GeV using one of t h e  fou r  RF c a v i t i e s .  

was s igned i n  Apr i l ,  1965, j u s t  under two 
yea r s  ago, with t h e  Nat ional  
The tunne l ,  and t h e  a c c e l e r a t o r  cons t ruc t ion  
has been completed i n  t h i s  i n t e r v a l .  
convent ional  l abora to ry  cons t ruc t ion  i s  
hastening toward conclusion. 
t h e  machine w i l l  be  operat ing a t  f u l l  energy 
by October of t h i s  yea r  and t h a t  t h e  f i r s t  
experiments w i l l  b e  on t h e  f l o o r  a t  t h a t  
t i m e .  

The c o n t r a c t  amount was  $11,300,000 
including tunne l ,  bu i ld ing  and machine. 
With a l l  purchases near ly  completed we are 
s t i l l  w e l l  w i t h i n  our  budget f i g u r e .  

This  

Radiation 

It appears  t h a t  by accelerat-L 
t o  f u l l  energy only i n  a l t e r n a t e  magnet 

Again, 

I n i t i a l  i n t e g r a l  tests of t h e  system 

The magnet r i n g  has  now been completed. 

The cons t ruc t ion  con t r ac t  f o r  t h i s  machine 

Science Foundation. 

The 

We hope t h a t  

It 
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may be of i n t e r e s t  t o  d i scuss  t h e  s t a f f i n g  
and mode of cons t ruc t ion  which has  p reva i l ed .  
The b a s i c  s c i e n t i f i c  design dec i s ions  
have been made by a s m a l l  number of people. 
A c e n t r a l  co re  of personnel c o n s i s t i n g  
of P ro fes so r s  DeWire, Edwards, L i t t a u e r ,  
McDaniel, Wilson,and D r .  Tigner has  provided 
t h e  backbone of t h e  design team. This  
has been supplemented by t h e  p a r t  time 
a s s i s t a n c e  of fou r  o t h e r s ,  P ro fes so r s  
Berkelman, S t e i n ,  Talman, and Woodward, 
in c e r t a i n  s p e c i a l  areas such as i n j e c t i o n ,  
surveying,  and magnet design. M r .  Robert 
Matyas has  served as p r o j e c t  manager 
and M r .  Robert Bower as superintendent  
of synchrotron cons t ruc t ion .  

I TP 

Energy, GeV. 

E lec t rons .  per  p u l s e  

I n j e c t i o n  F i e l d  Gs. 

I n j .  energy, MeV. 

Max. F i e l d ,  GI. 

O r b i t  Radius, m. 

Rep. r a t e  cpr 

Gap h e i g h t  F cm. 

Gap h e i g h t  D cm. 

T o t a l  u e i g h t  s t e e l  tons  

T o t a l  we igh t  cu tons 

Date, f i r s t  ace. 

N I N A  

4 

1012 

64 

40 

6.430 

20.7 

50 

6.2 

1.6 

362 

40 

12/66 

CEA 

6 

1011 

35 (125) 

28 (100) 

7.600 

26.4 

60 

5.1 

5.1 

290 

39 

9/62 

EREVAI 

- 
6 

1011 

66 

50 

7.920 

25.1 

50 

6.,0 

6 . 0  

400 

25 

- 
OESY 

- 
7 

1011 

42 

40 

8,100 

31.7 

50 

5.6 

8.8 

570 

80 

2/64 - 

- 
CORNEL1 

- 
10 

101' 

50 

150 

3 .300  

100 

60 

2.54 

3.80 

185 

25 

6/67 7 - 

I n  a d d i t i o n  t o  t h i s  s t a f f  we  have 3 
r e sea rch  a s s o c i a t e s ,  3 engineers ,  and 
t h e  average f u l l  t i m e  e f f o r t  of 30 workers 
i nc lud ing  c l e r i c a l  s t a f f .  

This  s m a l l  design s t a f f  permits very 
f l e x i b l e ,  w e l l  con t ro l l ed  operat ions 
with f u l l  a u t h o r i t y  in t h e  hands of few 
people. 
design f e a t u r e s  be fo re  a l l  a s soc ia t ed  
areas were f u l l y  explored, and has enabled 
us t o  l e a p  frog over many of t h e  troublesome 
problems. 

It  is  a pleasure t o  acknowledge t h e  
e n t h u s i a s t i c  support  of t h e  Cornell  Universi ty  
admin i s t r a t ion  and t h e  National Science 
Foundation. 

It allowed us  t o  s o l i d i f y  major 

T a b l e  2 Parameters f o r  C o r n e l l  10 GeV e l e c t r o n  

Nominal e l e c t r o n  energy 10 GeV 

Radius o f  c u r v a t u r e  i n  b e n d i n g  magnet l o o m  
Nominal r e p e t i t i o n  r a t e  60c /s  

Nominal i n t e n s i t y  e l e c t r o n s  p e r  p u l s e  

Number o f  magnet u n i t s  192 

Length  o f  magnet u n i t s  3.43m 

C l e a r  l e n g t h  between magnet u n i t s  0.25m 

Long s t r a i g h t  s e c t i o n s  2 each o f  12.2m l e n g t h  
4 each o f  6.lm l e n g t h  

Magnet ic  f i e l d  a t  10 GeV 3 . 3  kG 

I n j e c t i o n  f i e l d  f o r  200 MeV 66 gauss 

B e t a t r o n  O s c i l l a t i o n s  p e r  t u r n  vr=vv 

Magnet e x c i t a t i o n  power 800 kW 

L i n a c  energy  150-200 MeV 

L i n a c  f requency  2855 MH, 

R .  F. f requency  714 MH, 

R.F. v o l t a g e  p e r  t u r n  10.5 MeV 

10.75 

Average R.F. power demand 136 kW 

Approx imate  c o s t  o f  b u i l d i n g s ,  
Tunne l  and a c c e l e r a t o r  s1z.ooo.ooo 
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Fig. 1. Laboratory and Accelerator Hall, Cornel1 10 GeV 
synchrotron. 
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Fig. 2. Section through guide field magnet and supporting beam of 
Cornell synchrotron. 
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AA. C. Drive Bias 

~ 

Fig. 3. Excitation circuit for the Cornell synchrotron. 

Fig. 4. View of magnet ring and tunnel of the Cornell 
synchrotron. 


