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Our approach to  t h e  p lanning  of a f a c i l i t y  such as kIa2 i s  t o  develop a complete 

i n t e g r a t e d  system which t o  a high degree of confidence is workable. The system can 

then be improved by modifying the va r ious  components while, a t  the  same time, taking 

i n t o  account  t h e  e f f e c t  of the  indiv idual  improvements on the  ove ra l l  system. 

Last  year  a t  Los Angeles, we r epor t ed  on MC' as a workable system'). Since then 

we have been developing improved concepts  f o r  va r ious  f e a t u r e s ,  such as: beam 

ex t r ac t ion ,  i on  op t i c s ,  mater ia l  a c t i v a t i o n ,  magnet, RI  c a v i t i e s ,  vacuum system, and 

bu i ld ing  layout .  I w i l l  d i s c u s s  some of the s a l i e n t  developments i n  t hese  areas .  

Beam e x t r a c t i o n ,  i on  o p t i c s ,  and mater ia l  a c t i v a t i o n  have a l r eady  been d iscussed  i n  

some d e t a i l  by previous speakers  a t  t h i s  Conference. However, these  s t u d i e s  a r e  

s i g n i f i c a n t  enough t o  warrant  comments on t h e i r  o v e r a l l  r e l a t i o n  to  the p ro j ec t .  

Ex t r ac t ion  s t u d i e s 2 )  have been made pr imar i ly  on the hfa2 Analogue wi th  favorable  

r e s u l t s ,  and the t r a n s l a t i o n  of t h a t  e x t r a c t i o n  syatem t o  f u l l - s c a l e  MC? would r equ i r e  

more than 700 kV/cm. However, a 3 kG reduct ion  i n  t h e  base magnetic f i e l d  i s  

equiva lent  t o  t h i s .  These va lues  d i c t a t e  the  use of a magnetic e x t r a c t i o n  eystem. 

Two magnetic channel  systems a r e  being considered f o r  the f u l l - s c a l e  vers ion .  One i s  
3 )  t he  ORIC type coaxia l  channel which has  a l ready been described at t h i s  Conference . 

The o the r  i s  a cu r ren t  shee t  and i r o n  combination as shown i n  Fig. 1. The c u r r e n t  

s h e e t  would be formed of mult iple  conductors of a b o u t  0.3 cm r a d i a l  thickness.  The 

i r o n  would be about the same th ickness ,  so  the t o t a l  th ickness ,  inc luding  mounting and 

i n s u l a t i o n  might be about 1 cm. This  is a 

v a r i a t i o n  of the compensated-iron channel 

used i n  ORIC. The c a l c u l a t e d  f i e l d  con- 

t r i b u t i o n  is shown i n  the  curves  below the 

channel sketch. The cyclo t ron  magnet 

f i e l d  shape i s  shown by the medium dashed 

l i n e ,  t h e  c o n t r i b u t i o n  of the c u r r e n t  

shee t  (105 ampere tu rns )  is shown by the 

s h o r t  dashed l i n e ;  and the n e t  e f f e c t  is 

t h e  s o l i d  l i n e .  These channe 1 s  would need 

t o  provide a base magnetic f i e l d  reduct ion  

of about  3 kG f o r  a length  of about  5 m. 

* Operated f o r  the  USAEC by the 
Union Carbide Corporation. 
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Fig. 1 E f f e c t  o f  i ron and current sheet i n  a magnetic gap. 
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I t  is f e l t  t h a t  t h e  Analogue e x t r a c t i o n  system, inc luding  an  adequately t h i n  septum, 

oan be s c a l e d  from the  Analogue t o  MC' by proper use of one of the two magnetic 

channel designs. 

The increased  i n t e r e s t  i n  t he  use of MO* f o r  nuclear  s t r u c t u r e  s t u d i e s  has  made 

add i t i ona l  demands on the  ion-opt ics  system4). drawing of one of the l ayou t s  s tudied  

i s  shown i n  Fig. 2. The need f o r  high i n t e n s i t y  and high r e s o l u t i o n  f o r  pro tons  

sugges ts  two beam paths  i n t o  the  proton room, s ince  r e s o l u t i o n  and i n t e n s i t y  a r e  not ,  

i n  general ,  compatible. The cyc lo t ron  is pos i t i oned  t o  d i r e c t  the  de f l ec t ed  beam down 

the c o r r i d o r  w i t h  a minimum of bending so t h a t  the  maximum i n t e n s i t y  beam w i l l  be 

ava i l ab le .  The in t ense  beam of protons is  then t r anspor t ed  i n  t o  t h e  proton room 

through a h igh  tranemission s i n g l e  43' magnet. 

The pro ton  a n a l y s i s  system shown is ~ a l c u l a t e d  t o  provide a n  energy d i spe r s ion  

of 40  keV/mm at t h e  image slit. This is  accomplished i n  t h i s  s tudy with a s i n g l e  

n ZI 0.5 magnet w i t h  a r a d i u s  of about  5 m and ope ra t ing  wi th  a magnif ica t ion  f a c t o r  

of 2.7. The swituhing magnet, together  w i t h  a n t i - s c a t t e r i n g  s l i t s ,  w i l l  be used t o  

c l e a n  up s l i t  s c a t t e r i n g .  Future s t u d i e s  of the a n a l y s i s  system w i l l  examine a l t e r n a t e  

l o c a t i o n s  of slits,  f a c t o r s  e f f e c t i n g  optimum magnif icat ion,  and more complex combina- 

t i o n s  of magnets. 

For purposes of economy and s impl i c i ty ,  a po la r i zed  pro ton  t a r g e t  i s  s o  

Fig. 2 W' ion-option layout. 
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arranged t h a t  the po l a r i zed  pro tons  can be  d i r e c t e d  through t h e  same a n a l y s i s  system. 

P ions  w i l l  be produced i n  t h e  c o r r i d o r  and d i r e c t e d  i n t o  t h e  second sh i e lded  

room w i t h  a reasonably short-path length  t o  minimize l o s s  by decay. Pions w i l l  a l s o  

be produced i n  t he  c o r r i d o r  oppos i te  the  t h i r d  sh i e lded  room and d i r e c t e d  toward t h e  

room. A CERN-type muon channel w i l l  t r a n s p o r t  the  decay muons i n t o  t h e  experimental  

a rea .  P rov i s ions  w i l l  be made f o r  a  medical f a c i l i t y  which would provide p ions  t o  

be u t i l i z e d  f o r  medical purposes. 

Several  sh ie lded-area  arrangements have been s tud i ed ,  e.g., arrangements were 

considered wi th  rooms on each s i d e  of t he  c o r r i d o r  and wi th  t h e  rooms fan-shaped around 

the cyc lo t ron  room. The arrangement shown he re  was s e l e c t e d  as provid ing  good f l ex -  

i b i l i t y  and economy, 

The technologica l  advances r e s u l t i n g  from t h e  r e c e n t  computations and exper i -  

mental work of Toth, Pulmer, and 0a rb i e r5" )  provides  a ve ry  u se fu l  means of 

p r e d i c t i n g  r e s i d u a l  a c t i v i t y  l e v e l s  and thereby a f i rm  b a s i s  f o r  developing new and 

novel s o l u t i o n s  to  t h e  genera l  r a d i a t i o n  problem. 

One e s s e n t i a l  part of the  M C ~  development program is a  r e a l i s t i c  a p p r a i s a l  of 

t h e  r a d i a t i o n  l e v e l s  t h a t  w i l l  be encountered n o t  on ly  du r ing  ope ra t ion  of the 

cyc lo t ron  but a f t e r  the machine is  turned o f f  f o r  maintenance, r e p a i r s ,  and changes 

i n  t h e  experimental  se tup .  The beam i n t e n s i t y  w i l l  b e  two t o  f o u r  o rde r s  of magnitude 

h igher  than i n  e x i s t i n g  a c c e l e r a t o r s  i n  t h e  same energy range, 

I n  t h e  machine i t s e l f ,  t h e  r e s i d u a l  r a d i a t i o n  l e v e l s  w i l l  not  i nc rease  i n  pro- 

p o r t i o n  t o  t h e  beam i n t e n s i t y  because t h e  e x t r a c t i o n  e f f i c i e n c y  ( a s  i nd i ca t ed  by t e s t s  

wi th  the  Analogue) w i l l  be of the o rde r  of 80-9%. P r o t e c t i v e  cover ings  of carbon can 

be used i n  c e r t a i n  p a r t s  of t h e  cyc lo t ron  t o  reduce  the  amount of induced a c t i v i t y .  

The i n d i c a t i o n s  a r e  t h a t  w i th  h igh  bean1 q u a l i t y  and with advanced machine f a b r i c a t i o n  

techniques, t h e  r e s i d u a l  r a d i a t i o n  l e v e l s  around the  cyc lo t ron  w i l l  not  be g r e a t l y  

h igher  than i n  e x i s t i n g  machines of much lower beam i n t e n s i t y .  

The h igh- in tens i ty  e x t e r n a l  beam w i l l ,  however, p r e s e n t  s e r i o u s  a c t i v a t i o n  

problems. The r e s i d u a l  r a d i a t i o n  s t u d i e s  have emphasized the  need f o r  c a r e f u l  p lanning  

of the e x t e r n a l  beam o p t i c s  system. I t  i s  be l ieved  t h a t  a r e a l i s t i c  a p p r a i s a l ,  i n  the 

p lanning  phase of htc2, of the r e s i d u a l  r a d i a t i o n  w i l l  enable u s  t o  meet these problems 

i n  such a  manner a s  t o  permit  necessary maintenance work without  l a r g e  de l ays  due t o  

r e s i d u a l  r ad i a t i on .  

The MC' magnet has been s t u d i e d  wi th  p a r t i c u l a r  i n t e r e s t  d i r e c t e d  toward in-  

c r e a s i n g  magnet e f f i c i ency .  The concept a s  desc r ibed  a t  Los ~ n g e l e s ' )  w a s  f u r t h e r  

s tud i ed  wi th  r e spec t  t o  t h e  i r o n  p o l e t i p  gap and the pole-face conductor  th ickness ,  

keeping the cyc lo t ron  a p e r t u r e  cons tan t .  A s i g n i f i c a n t  reduc t i o n  i n  power over t h a t  

f o r  t he  f i r s t  h1c2 magnet model can be r ea l i zed .  Some of the  r e s u l t s  of t h i s  s tudy  

a r e  shown i n  Fig. 3. The htc2 magnet would f a l l  near  t he  5% e f f i c i e n c y  l i n e .  Because 

of t he  i n i t i a l  c o s t  of copper, an i r o n  gap of 25 t o  30 cm would be chosen. A s tudy  
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Fig. J R e l a t i v e  power f o r  t h e  MO' magnet versus  the iron- 
pole- t ip  gap, keeping the oyolo t ron  a p e r t u r e  
cons tant  and vary ing  the  pole face  conduotor 
thickness.  

Fig. 4 Model d a t a  of shaped pole t i p s  deeigned t o  produce 
t h e  d e s i r e d  MO' m g n e t i o  f ie ld .  

was made of  a magnet concept which would provide t he  d e s i r e d  f i e l d  shape by shaping 

the pole- t ips ;  e x c i t a t i o n  c o i l s  would be l oca t ed  around the yoke of each pole- t ip .  

Model da ta ,  as shown i n  Fig. 4, i n d i c a t e s  t h i s  can  be accomplished. De ta i l  des ign  

s t u d i e s  may we l l  use a combination of pole-fabe winding8 and po le - t i p  shaping. 

~ t u d i e d )  of  the  MC' aoce l e r a t i on  system have r e s u l t e d  i n  a choice of what we 

c a l l  a coaxia l  cav i ty .  A photograph of a model c a v i t y  is  shown i n  Fig. 5 .  This  

c a v i t y ,  f u l l - s ca l e ,  w i l l  enc lose  G o  po le - t i p s  and be about  8 m high and 9 m a long  

one s ide .  

There w i  l1 be two such  c a v i t i e s  t o  provide a c c e l e r a t i o n  a t  f o u r  azimuths 

amounting t o  1 MeV/turn. This  cav i ty  would be d r iven  by two 500 kW RCA 6949 shielded-  

g r i d  t r i o d e  tubes opera t ing  i n  push-pull. The frequency would be 13.7 Mc/s, which i s  

the  second harmonic of t h e  ion-orb i ta l  frequency. The primary s t u d i e s  now under way 

concern methods of f a b r i c a t i o n  and assembly techniques. 

20 40 60 80 4 0 0  120 
TIME (rnin) 

Fig. 6 Cost of rough vacuum system versus  time requi red  
t o  o b t a i n  0.05 tor r .  

TlME (hr) 

Fig. 7 Time versur  pressure  f o r  twenty o i l  d i f f u s i o n  
p m p s  of 32-in. diameter. 

Proceedings of the International Conference on
Sector-Focused Cyclotrons and Meson Factories

Geneva, April 23-26, 1963 CYC63G03



Sess ion  V 1 1  

The vacuum system f o r  MC' i s  r a t h e r  l a rge .  The volume of the vacuum tank i s  

approximately 2.6 X 106 l i t r e s .  A s tudy w a s  made of t he  pump-down system, and a c o s t  

v e r s u s  pump-down time curve was developed, see  Fig. 6. A pump-down time of about  

30  min w i l l  be chosen. 

The c a l c u l a t e d  pressure  a s  a func t ion  of time f o r  the MO* tank is  shown i n  

Fig. 7  (30 min rough-down time i s  included).  These d a t a  a r e  based on tea ts i n  ORIC 

i n  which a l l  mild-steel  su r f aces  a r e  n i c k e l - p l a t e d .  The n i cke l  p l a t i n g  i n  ORIC is a 

s ign i f i c . an t  f a c t o r  i n  t h e  a b i l i t y  t o  go from atmospheric pressure  to  a s t a b l e  pro ton  

beam a t  f u l l  r ad ius  i n  l e s s  than  40  minutes. 

The ou t s ide  appearance of the bu i ld ing  is  e s s e n t i a l l y  the  same as one yea r  ago. 

However, f o r  con t inu i ty ,  a p i c t u r e  of a  bu i ld ing  model i s  shown i n  Fig. 8. 

The o f f i c e  and  l abo ra to ry  bui ld ing  is shown a t  the f r o n t .  This  w i l l  provide 

space f o r  about 100 t echn ica l  people. The f o r e p a r t  of the bu i ld ing  on the  r i g h t  is  

t h e  shop, s e rv i ce ,  and s t a g i n g  a r e a  f o r  t h e  cyc lo t ron .  The back part of the b u i l d i n g  

con ta in s  t h e  cyc lo t ron  and sh i e ld ing .  The experiment rooms a r e  underground and to  

the  back of the  o f f i c e  and l abo ra to ry  bui lding.  The proton-experiment room has  con- 

c r e t e  walls 12 m th ick .  The roof i s  concre te  a r c h  construo t i o n  wi th  10 a of e a r t h .  

The pion and m o n  rooms have 5  m t h i c k  walls, arch roof S, and 5 m of e a r t h .  

The technology f o r  the  c o n s t r u c t i o n  of an  MC* type cyc lo t ron  i s  now a t  hand. 

The need f o r  a h igh- in tens i ty  beam of 800 MeV pro tons  is  wel l  e s t ab l i shed .  Our most 

p re s s ing  problem i s  a ma t t e r  of t he  0.4 p i t t a n c e s  ( p  = g10') w i th  which t h e  f a o i l i t y  

can be r e a l i z e d .  
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D TSCUSSION 

WRICHT : Have you made any  measurements of t he  f l u t t e r  f a c t o r  f o r  t he  ca se  of t he  
c o i l - f r e e  po l e - t i p  a r r angemnt?  

MARTIN : For t h e  p a r t i c u l a r  des ign  shown we would have t o  include c o i l s  o r  s a t u r a t e d  
i r o n  nea r  t h e  medium plane t o  ob t a in  the proper  f l u t t e r  f a c t o r  near  t h e  c e n t r e  of t he  
cyc lo t ron .  

WRICHT : What are your p l ans  f o r  i n j e o t i o n ?  

MARTIN : I t  i s  ou r  i n t e n t i o n  t o  s tudy  d.c. i n j e c t i o n  systems, t he  exac t  energy a t  
which we w i l l  i n j e c t  is not y e t  decided. There a r e  many advantages t o  such systems. 
I t  would g ive  use g r e a t e r  c o n t r o l  over the a b i l i t y  t o  change the i n j e c t e d  phase, 
would permit  p u l s i n g  of t h e  beam, and would r e s u l t  i n  much lower r a d i a l  amplitudes. 
We would l i k e  t o  i n j e c t  w i th  a d.c. a c c e l e r a t o r  probably under l MeV. 
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Fig. 8 Sc$le model of the blc2 Incility. 
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BLASER : Regarding the ourrent-sheet  septum you sketched, what peroentage of beam 
do yau i n t e r o e p t  w i t h  t h i s  3/8" septum, and to  what c u r r e n t  d e n s i t i e s  a r e  you obl iged  
to  go i n  the copper t o  g e t  t h i s  3 kG reduction? 

JONES : The e f  f ic ienoy we would expeat t o  g e t  is  80-9%. This  depends somewhat on 
be ing  a b l e  t o  g e t  a l i t t l e  b i t  more o r b i t  s epa ra t ion  o r  decreas ing  the  3/8" th ickness  
a l i t t l e  b i t .  I th ink  t h a t  we oan do both i f  necessary. The cu r ren t  dens i ty ,  t h i s  
i s  the  t o t a l  c u r r e n t  i n  t h a t  s eo t ion ,  is 100.000 A wi th  a cross-seot ion  3/16 X 5 in. 

MARTIN : The c u r r e n t  dens i ty  is, i n  f a c t ,  q u i t e  h igh  on the  leading  edge of t h a t  
p a r t i c u l a r  septum design. I t  need not be so t h i n  except  a t  j u s t  the  beginning of t he  
ex t r a c  tor .  
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