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General Design 

The s p e c i a l  design requirements of a negative-hydrogen-ion cyc lo t ron  a r e  a low 

gas pressure  to reduce i o n  l o s s  by s t r i p p i n g ,  and a  l imi t ed  maximum magnetic f i e l d  

t o  reduce i o n  l o s s  by e l e c t r i c  d i s soc ia t ion .  I n  a d d i t i o n ,  t he re  i s  the requirement 

common to  a l l  sec  tor-f  ocused cyc lo t rons  of the  s e l e c t i o n  of a sp i r a l - r idge  s t r u c t u r e  

t h a t  w i l l  provide proper r a d i a l  and v e r t i c a l  focus ing  throughout the  acce l e ra t ion .  

~ n a l ~ s i s ~ )  has l e d  t o  the .e lec t ion  of a vacuum working pressure  of 4 x 10-a t o r r .  

A t  t h i s  pressure  t h e  t o t a l  g a s  s t r i p p i n g  l o s s  i s  es t imated  to  be equiva lent ,  i n  i ts  

e f f e c t  i n  a c t i v a t i n g  the machine, t o  a l o s s  of 8 of the  ful l-energy beam. The 

engineer ing  ob jec t ive  f o r  which the  vacuum system is deeigned is  l X 10-a t o r r ,  a 

f a c t o r  of four below the working pressure .  To meet t h i s  ob jec t ive ,  a bakable vacuum 

system pumped p r i m r i l y  by ion  pumps is provided. 

A t  700 MeV a h i l l  f i e l d  of 5  kG cannot be exceeded without  excessive beam l o s s  

due t o  e l e o t r i c  d i s soc ia t ion .  A t  t h i s  f i e l d  the  t o t a l  l o s s  due t o  e l e c t r i c  d i s soc ia -  

t i o n  is  ll%, almost a l l  of which occurs above 600 MeV. A s  a r e s u l t  of these  beam l o s s  

cons idera t ions  a  d e f i n i t e  l i m i t  can  be placed on the t o t a l  l o s s  dur ing  a c c e l e r a t i o n  of 

the equiva lent  of 20 pA of 700 NeV protons. This  f i g u r e  corresponds t o  a n  ex te rna l  

beam of 150 pA a t  700 MeV, wi th  most of the a c t i v a t i o n  due t o  beam l o s t  by e l e o t r i c  

d i s soc ia t ion .  With 600 MeV ex te rna l  beam, the e l e o t r i c  d i s s o c i a t i o n  is  n e g l i g i b l e  and 

the  same a c t i v a t i o n  r a t e ,  i n  t h i s  ca se  due almost e n t i r e l y  t o  gas s t r i pp ing ,  co r r e s -  

ponds to 900 pA of ex te rna l  beam. 

Re la t ive  beam l o s s  as a func t ion  of energy is  shown i n  Fig. 1. For e l e o t r i c  

d i s s o c i a t i o n ,  the  l i f e t i m e  c a l c u l a t e d  by Hiskes as repor ted  by Judd2) was used. The 

gas-s t r ipping  cross-sec t i o n  pe r  atom of 
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sector-focused cyclo t rons .  Six-fold symmetry is  chosen. The h i l l s  a r e  made a s  wide 

a s  poss ib l e  a t  the maximum rad ius  to  reduce the  maximum magnetic f i e l d  t o  a s  low a 

value a s  poss ib le .  Radial  h i l l  edges with an included angle of 18' a r e  used to ha l f  
0 

r a d i u s  beyond which the  s p i r a l  ang le  inc reases  t o  a maximum of 78 and the  width of 

t he  h i l l  i r o n  t o  47'. A l a r g e  s p i r a l  angle  is p r a c t i c a l  because the re  i s  no need t o  

induce a l a rge  r a d i a l  o s c i l l a t i o n  amplitude t o  e x t r a c t  t he  beam. The combination of 

f l u t t e r  and s p i r a l  angle  chosen is expected t o  r e s u l t  i n  a v e r t i c a l  o s c i l l a t i o n  

frequency i n  the  conventional  r ange  of about two t o  t h r e e  t en ths  of the r o t a t i o n  

f  requenc y. 

Radia t ion  Considera t ions  

A p r i n c i p a l  advantage of the negative-ion cyc lo t ron  i s  the  small i n t e r n a l  beam 

l o s s  and correspondingly small a c t i v a t i o n  of the machine. The l o s s  which occurs 

while t h e  machine i s  producing 150 pA of 700 MeV e x t e r n a l  beam is  est imated to  be 

equ iva len t  t o  20 pA at 700 MeV. The ions neu t r a l i zed  by s t r i p p i n g  t r a v e l  outward, 

tangent  t o  t h e i r  equi l ibr ium o r b i t ,  u n t i l  they s t r i k e  the o u t e r  wall of the vacuum 

tank. The high-energy pro tons  w i  l1 pene t r a t e  the  tank W a1 l and s t o p  i n  the magne t 

yoke o r  s h i e l d  i r o n  surrounding t h e  tank. 

The pro tons  stopped i n  the i r o n  s h i e l d  o r  yoke produce neutrons which pene t r a t e  

the  remainder of the l o c a l  sh i e ld ing  around the machine and pass i n t o  the sh i e ld ing  

walls of t h e  cyc lo t ron  vau l t .  The loca l  sh i e ld ing  is i r o n  and heavy concrete opposi te  

the va l l eys ,  and i r o n  a lone  opposi te  t he  h i l l s ,  i n  e i t h e r  ca se  equ iva len t  t o  a t  l e a s t  

20 f t  of ord inary  concre te .  The v a u l t  walls a r e  ord inary  concre te  20 f  t th i ck ,  making 

the  t o t a l  equiva lent  th ickness  40  f t  of ord inary  concrete.  With 20 pA equ iva len t  

beam l o s s  i n  the cyc lo t ron ,  and ad jus t ed  f o r  the o b l i q u i t y  of the beam w i t h  r e spec t  t o  

the normal to the s h i e l d ,  t he  r a d i a t i o n  ou t s ide  the v a u l t  is  1.4 neut/cm2-sec. The 

correspording dose r a t e  is  about 9 &em i n  40 h r s  which is  about  a f a c t o r  of t e n  be- 

low the i n t e n s i t y  al lowable f o r  r a d i a t i o n  workers exposed 40hr/wk over a long period. 

The a c t i v a t i o n  of t h e  machine by the i n t e r n a l l y  l o s t  beam has been es t imated  by 

eomparison w i t h  the  beam loa t i n  the 184 in.  oyclo t ron  a t  LRL. The l a r g e  diameter of 

the  proposed machine spreads  the l o s t  beam over a l a rge  area.  The i r r a d i a t i o n  

i n t e n s i t y  a t  any po in t  i s  est imated t o  be about the same as the  corresponding va lue  

f o r  t h e  184 in.  oyclotron.  The gamma f i e l d  s t r e n g t h  i n s i d e  the  v a u l t  due t o  r e s idua l  

a c t i v i t y  of the cyc lo t ron  is, the re fo re ,  est imated t o  be about the  same as t h a t  

observed near  t he  184 in. cyc lo t ron ,  which has the  fol lowing va lues  one f o o t  outs ide  

t h e  vacuum tank: a t  shutdown, 0.27 R/hr; 12 h r  a f t e r  shutdown, 0.19 R/hr; and 7 days 

a f t e r  shutdown, 0.11 R/hr. Within the  al lowable dose r a t e  of 100 mR/wk, an opera tor  

w i l l  be ab le  to spend about  20 min/wk i n s i d e  the  cyc lo t ron  room i f  he e n t e r s  

immediately a f t e r  shutdown and r ece ives  no apprec iable  r a d i a t i o n  above normal back- 

ground at o the r  tines. For t h i s  reason,  no more equipment than necessary is  loca ted  

i n  the cyc lo t ron  room. Remote con t ro l  is provided f o r  a l l  adjustments  and quick- 
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changing f e a t u r e s  a r e  b u i l t  i n t o  t h e  minor assemblies. Major changes w i l l  be made 

a f t e r  a  cool ing  per iod ,  and r ap id  bu t  not  remotely-operated handling and assembly 

f e a t u r e s  w i l l  be included. 

Most of t h e  equipment r e q u i r i n g  f requent  s e rv i c ing  or adjustment w i l l  no t  be 

l oca t ed  i n  the cyc lo t ron  room, bu t  i n  t h e  basement below a 12 f t  t h i ck  concrete  f l oo r .  

I n  t h i s  room the neutron l e v e l  w i l l  no t  be high enough t o  produce apprecriable radio-  

a c t i v i t y .  

The Magnet 

The cyc lo t ron  magnet (Fig. 2 and 3) i s  unusual because of i ts  la rge  diameter and 

i t s  low maximum f i e l d .  Because of the  l a rge  s i z e ,  t h e  conventional design used f o r  

most cyc lo t rons  i s  impract ical  due t o  the g rea t  quan t i t y  of i r o n  t h a t  would be required.  

The magnet design used provides i r o n  only i n  t h e  h i l l  region,  pr imar i ly  t o  t ransmit  the  

the  f lux  i n  a  r a d i a l  d i r ec t ion .  

With t h i s  type of cyc lo t ron ,  a  choice e x i s t s  between winding the c o i l s  around the 

i nd iv idua l  h i l l s ,  around the ou te r  r ad ius  of the poles  a s  i n  a  conventional cyclotron,  

o r  around the  r e t u r n  paths.  There a r e  advantages and disadvantages t o  each of t he  

arrangements. The arrangement s e l ec t ed ,  c  i r c u l a r  c o i l s  around the  ou te r  rad ius ,  is 

Pig. 2 Elevation and section, with detailed sections of the central region. tank wall, and vacuum-tank solder seal. 
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e n t i r e l y  f e a s i b l e  and p rov ide s  a f i r m  b a s i s  f o r  c o s t  es t imates .  Co i l s  around the  

i n d i v i dua l  po les ,  whi le  i n d i v i d u a l l y  smal le r ,  in t roduce  a problem i n  e x c i t i n g  the  c e n t e r  

of the magnet and a l s o  appear  t o  b e  i n e f f i c i e n t  i n  t he  use of ampere t u r n s  due t o  

ad j ac en t  conductors  c a r r y ing  c u r r e n t s  i n  oppos i te  d i r e c t i o n s .  This  does,  however, in -  

c r e a s e  t h e  f l u t t e r  over t h a t  which c a n  b e  ob ta ined  wi th  the c i r c u l a r  c o i l s  and would 

have t o  be  considered i f  the f l u t t e r  ampli tude were i n su f f  i c i e n t .  The c i r c u l a r  c o i l s  

now planned w i l l  c o n t a i n  about  100 tons of copper  and have a n  ou t s i de  diameter  of 76 f t .  

They w i l l ,  of course ,  have t o  be  wound i n  p lace  as they a r e  much too l a r g e  t o  move 

through t h e  s t r e e t s .  Adequate spaoe and c r ane  c a p a c i t y  is provided f o r  the  winding 

opera t ion .  

The magnetic fo roes ,  amounting t o  a t o t a l  of about  2300 tons  between the  po l e s ,  

a r e  r e s i s t e d  by a c e n t r a l  support  and by t he  r e t u r n  yokes ou t s i de  the  c o i l s .  The mag- 

n e t  i s  made i n  p i e c e s  weighing up t o  150 tons. Mating s u r f a c e s  and t h e  s u r f a c e s  f a c ing  

the  gap and v a l l e y s  a r e  machined; o t h e r  su r f ace s  a r e  flame cu t .  The magnet des ign  

p r o v i de s  f o r  aasembly by s e t t i n g  one p i eoe  on top  of ano ther ,  b o l t i n g  each i n  p lace  

RESONATOR ION'PUMP 
TUNING 
ACTUATOR 

~ i g .  3 Plan view, showing spira l  shape, tank support frame, pain c o i l ,  and other indioated d e t a i l s  o f  the design. 
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before  the  next  is added. The top ha l f  of the  magnet co re  i s  i n s t a l l e d  a f t e r  the 

c o i l s  and vacuum tank a re  i n  place. 

The c e n t r a l  column (Fig. 2, d e t a i l  A )  i s  made i n  two concent r ic  tubes  so t h a t  

atmospheric pressure  on the  vaouum tank does no t  a f f e c t  t he  magnet. This permi ts  

making magnetic f i e l d  measurements i n  a i r  without  co r rec t ion  f o r  d e f l e c t i o n  of the 

magnet due t o  vacuum. Magnet i r o n  w i l l  be forged low-carbon s t e e l .  

I n  a d d i t i o n  t o  the main e x c i t i n g  c o i l s ,  trimming c o i l s  t o  a d j u s t  the  shape of 

the f i e l d  w i l l  be provided. These w i l l  c o n s i s t  of p r o f i l e  c o i l s  concentr io with the 

magnet a x i s  and harmonic c o i l s  t o  o o r r e c t  t h e  f i r s t  and second harmonics i n  amplitude 

and phase. Seventeen p a i r s  of p r o f i l e  c o i l s  w i l l  be provided, each cons i s t i ng  of fou r  

t u rns  of mineral- insulated cable ,  two tu rns  on each s i d e  of the gap. They a r e  capable 

of c o r r e c t i n g  f o r  a r a d i a l  gradient  ~ . l $ / f t .  For t h i s  purpose, a conductor c u r r e n t  of 

500 A is required.  The 24 p a i r s  of harmonic c o i l s  r equ i r e  10 A and w i l l  be wound of 

12 turns  of mineral- insulated cable.  Addit ional  f i e l d  co r rec t ions  may be made by 

changing the  width of the  v a l l e y s  by a t t a c h i n g  i r o n  shims t o  t h e  s i d e s  of the po le s  
5 1 adjacent  t o  the  gap. The requi red  magnet power is 3.5 MW . The r equ i r ed  tr im-coil  

power i s  about 500 kW. 

The Vacuum System 

The requirement of a tank 72 f t  i n  diameter  by 2.5 f t high t o  con ta in  a vaouum 

of 10-E t o r r  is  unusual,  bu t  w i t h i n  the p re sen t  s t a t e  of the a r t  of vacuum technology. 

To ensure reaching  the  design pressure ,  p rov i s ion  is made fo r  hea t ing  the  i n s t a l l e d  tank 

t o  200°c. 

Atmospheric pressure  produces a load of about  4300 tons on each cover of t he  tank. 

Th i s  load i s  t o  be supported by s e v e r a l  hundred "skyhooks". The top  skyhooks a r e  i n  

t u r n  supported by a s t r u c t u r a l  s t e e l  frame r e s t i n g  on a c e n t r a l  column a t  the cen te r ,  

and on the  magnet r e t u r n  yokes a t  the periphery.  The lower skyhooks a r e  a t t ached  t o  

sockets  i n  t h e  conc re t e  f l o o r  . The c e n t r a l  column i s  concent r ic  wi th  and independent 

of the column tha t  suppor ts  the magnet a s  previous ly  described.  Provis ion  is made f o r  

r a d i a l  expansion o f  the tank d u r i n g  heat ing.  

The tank i s  t o  be f a b r i c a t e d  of 7/8 in .  s t a i n l e s s - s t e e l  p l a t e .  This  th ickness  

corresponds t o  a skyhook spacing on 4 f t centers .  The tank would probably be shop- 

welded i n  s e c t i o n s  and t h e  sec t ions  welded toge the r  a t  the s i t e .  The p r i n c i p a l  vacuum 
r l s e a l  w i l l  be around the  periphery of the tank. l h i s  is planned as a s o l d e r  s e a l  t h a t  

w i l l  be me1 ted by con t ro l l ed  hea t ing  when the  sea l  is  made o r  broken. 

Pumping is accomplished by a combination of ion  and mercury-diffusion pumps. 

The ion  pumps should b r i n g  t h e  system below 10-e t o r r  a f t e r  bake-out and a few days of 

pumping. The mercury pumps w i l l  handle the outgassing of t he  ion  pumps when f i r s t  

s t a r t e d  and w i l l  a s s i s t  i n  the pumpdown before t h e  ion  pumps a r e  s t a r t e d .  

Pressur ized  water  will be used t o  bake the  tank t o  permit c l o s e  temperature 

con t ro l  and slow temperature change to reduce thermal s t r e s s e s .  A water-cooled hea t  
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s h i e l d  is used  between the tank and  the  magne t t o  prevent  thermal d i s t o r t i o n  of t he  

magnet. 

The Accelera t ing  System 

The r a d i o  frequency a c c e l e r a t i n g  system uses  two dees resonating a t  11.3 Mc/s, 
6 t he  t h i r d  harmonic of the i on  frequency. The peak v01 tage i s  100 kV t o  ground . The 

frequency was chosen t o  permit l o c a t i o n  of the  dees  e n t i r e l y  i n s ide  t he  c i r c u l a r  vacuum 

tank. A s  is  shovrn i n  Fig. 2 and 4, each "dee" c o n s i s t s  of e i g h t  subassemblies, each of 

which is  a s e p a r a t e  resonant  c i r c u i t .  For example, four  r e sona to r s  s i d e  by s i d e  cor -  

respond t o  t he  top  of one dee and the  ad jacent  l i n e r .  The coupling between the resona- 

t o r s  is v e r y  c l o s e  due t o  t he  capac i ty  between the high vo l t age  ends and the magnetic 

f l u x  which l i n k s  a l l  of t h e  e i g h t  r e sona to r s  forming one dee. 

One s i d e  of each resonator  is  a t t ached  t o  the vacuum tank through ad jus t ab l e  

suppor ts  a t  t h r e e  or  mare po in t s ,  the second s i d e  is  supported from the f i r s t  as a 

aan t i l eve r .  The r e sona to r  s i d e s  a r e  s t i f f e n e d  by beams t ape r ing  from t h e i r  maximum 

depth a t  the  ground end. To reduce the length  of t h e  resonators ,  the  capac i ty  between 

t h e  two resonator  a ides  may be increased  a t  the  high vol tage  end by reducing  t h e  gap 

Fig. 4 Horizontal seotion, showing return yoke, shielding, resonators, and other indicated d e t a i l s  of the design. 

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

Geneva, April 23-26, 1963 CYC63G04



Session V 1 1  

a t  t h i s  point .  The optimum depth of beams and capac i ty  loading  t o  minimize f l ex ib -  

i l i t y  and RF power i s  s t i l l  t o  be  s tudied .  The p re sen t  des ign  d i s s i p a t e s  1.1 MiY i n  

copper l o s s  and has a s t a t i c  d e f l e c t i o n ,  uncorrected,  of 3 in .  i n  i t s  18 f t  length. 

A s  t h e  r e s o n a t o r s  would be shaped t o  d e f l e c t  i n t o  a ho r i zon ta l  d i r e c t i o n  when i n s t a l l e d ,  

t h e  c a l c u l a t e d  d e f l e c t i o n  is p r i m r i l y  a measure of s t i f f n e s s ,  

The maximum RMS c u r r e n t  d e n s i t y  of about 60 ou in. can  e a s i l y  be handled by water- 

cool ing  tubes a t t ached  to  the dee su r f aces .  Adjustment of the tuning  of the ind iv i -  

dual r e sona to r s  may be r equ i r ed  t o  keep them a l l  a t the  same vol tage .  This  w i l l  be done 

by vary ing  the c learances  a t  t h e i r  high vo l t age  ends by servo d r i v e s  through t h e  tank 

walls. No e l e c t r i c a l  i n s u l a t i o n  problem e x i s t s ,  as the a d j u s t i n g  mechanisms a r e  out-  

s i d e  the resonators .  

The I n j e c t o r  

A f e a t u r e  of t h i s  cyc lo t ron  i s  the e x t e r n a l  i n j e c t o r .  Externa l  i n j e c t i o n ,  while 

commonly used i n  proton synchrotrons,  is unconventional f  or  cyc lo t rons .  The reason 

f o r  t h i s  is t h a t  e x t e r n a l  i n j e c t i o n  is  d i f f i c u l t  i n  small machines due t o  t h e  lack  of 

a v a i l a b l e  space f o r  the  focusing and i n f l e c t i n g  elements. However, i t  has been used 
7 on the  Birmingham cyc lo t ron  f o r  i n j e e t i o n  of deuterons wi th  good r e s u l t s  . 

Negative hydrogen ions  are  produced i n  an ion  source a t  150 kV t o  ground, 

acce l e ra t ed  t o  ground p o t e n t i a l ,  analyeed and guided p a r a l l e l  t o  t h e  cyc lo t ron  a x i s  t o  

the ent rance  of a n  e l e c t r o s t a t i c  i n f l e c t o r ,  and i n f l e c t e d  i n t o  t h e  hor izonta l  plane 

where they e n t e r  the  a c c e l e r a t i n g  f i e l d  of  the dees. I n  the  p re sen t  design, the in-  

j ec t ed  beam passes  through a n  opening i n  t h e  c e n t r a l  column i n t o  the  RF f i e l d  of the 

dees. A l t e rna t ive ly ,  i n f l e c t i o n  could take p lace  e n t i r e l y  ou t s ide  of t h e  column. 

The high vol tage  d.c. a c c e l e r a t o r  is  loca t ed  i n  t h e  basement room below the 

cyclo t ron .  I t  i s  not  p re s su r i zed  so t h a t  a minimum r e s t r i c t i o n  i s  placed on the  des ign  

and a c c e s s i b i l i t y  of the i o n  source. Vacuum pumps a t  the ground end of t h e  d.c. 

a c c e l e r a t o r  w i l l  remove most of the hydrogen gas introduced through t h e  ion  source, so  

t h a t  no apprec iable  q u a n t i t y  of gas w i l l  e n t e r  the  main vacuum tank. 

S t r i p p e r s  and Probes 

A major advantage of the negat ive  i o n  oyclo t ron  is  i ts  a b i l i t y  t o  produce many 

ex te rna l  beams over a wide range of energ ies .  Ex t r ac t ion  of t h e  negative ions  r e q u i r e s  

only  t h a t  t hey  pass through a t h i n  f o i l  which removes t h e i r  two e l e c t r o n s ,  they then 

r eve r se  t h e i r  d i r e c t i o n  of curvature i n  t h e  magnetic f i e l d .  The r e s u l t i n g  outward 

curvature  b r ings  the  i o n s  quickly  o u t  of the  oyclo t ron  f i e l d  where they a r e  c o l l e c t e d  

by beam-transport magnets. Carbon f o i l s  t h r e e  t o  f i v e  miorons t h i c k  a r e  used f o r  the 

s t r i p p i n g  t a r g e t s .  Power d i s s i p a t i o n  i n  the t a r g e t s  w i l l  be of the order  of 200 mW, 

which is e a s i l y  d i s s i p a t e d  by r ad ia t ion .  

By in t roducing  the  t a r g e t  from above o r  below the  bean, i t  w i l l  be poss ib l e  t o  

e x t r a c t  only a po r t ion  of t h e  beam a t  a given energy and t o  al low the  r e e t  t o  proceed* 
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This  technique w i l l  permit  the  s imultaneous production of s e v e r a l  ex t e rna l  beams and 

permit  severa l  experimental p o u p s  t o  use the machine a t  the same time. 

Four probes w i l l  be provided f o r  use i n  tuning  and i n v e s t i g a t i n g  the performance 

of the machine. The probes w i l l  be mounted on c a r t s  and w i l l  t rave l  on t r acks  a long 

four  r a d i a l  l i n e s  p a r a l l e l  and  perpendicular  t o  t he  dee gap. The probes w i l l  be pro- 

v ided  wi th  ins t rumenta t ion  t o  permi t  observing the  pos i t i on ,  magnitude, and phase of 

the beam pu l se s  s t r i k i n g  them. The p r i n c i p a l  des ign  s p e c i f i c a t i o n s  of t h e  cyc lo t ron  

a r e  shown i n  Table I. 

Table I 

Design S p e c i f i c a t i o n s  

P a r t i c l e  H- Dee v o l t s ,  peak 100 kV 

M a r .  energy 700 MeV Max. energy/turn 400 keV 

Current  1SOpA at  700 MeV Ion frequency 3.77 Mc/s 
'500pA a t  500 MeV Dee frequenoy 11.31 Mc/s 

M a r .  o r b i t  r a d i u s  
magnet 

RF power 
408 in. 

1780 kW 

6 Design vac. 
IO-' t o r r  

Sec to r  S, number 

73 f e e t  
Operat ing vac. 

Pole  t i p  dia.  
4 x 10-B t o r r  

Baking temp. 
30 in .  

2oo0c 
Cap 

640,000 
I n j e o t i o n  energy 

Ampere tu rns  
150 keV 

7000 tons  
I n  jeoted c u r r e n t  W t .  i r o n  

10 nA 

106 tons  
Ext rac ted  beam energy W t .  copper range 300 t o  700 MeV 

Power 3500 kW 
No. ex t r a c  t ed  beams 7 

P r o f i l e  c o i l  p a i r s  17 Cyclo t ron  power 7700 kW 
Harmonie c o i l  p a i r s  24 

Shie ld ing  i n  median plane 
(equiva lent )  40 f t  concre te  

Experiment Area S t r u c t u r e  

The experiloent a r e a  s t r u c t u r e ,  approximately 114,450 square f e e t  i n  a r ea ,  i s  

composed of t h ree  ad jo in ing  s t r u c t u r e s  of s tandard ,  s t e e l - m i l l  cons t ruc t ion ,  as shown 

i n  Fig. 5. The c e n t r a l  high-bay s t r u c t u r e  is approximately 150 by 245 f t ,  and 95 f t  

high,  with the cyc lo t ron  v a u l t  l oca t ed  at  the wes t  end. The two ad jo in ing  low-bay 

s t r u c t u r e s  a r e  each 70 by 400 f t  and 56 f t  high. 

The experimental Area 

Provis ional  development of the experimental  a r e a  i s  shown i n  Fig. 6. Equipment 

is provided f o r  the  s i m l t a n e o u s  e x t r a o t i o n  of f i v e  primary beams of f i v e  d i f f e r e n t  

energies.  Some of the primary beams c m  produce s e v e r a l  secondary beams simultaneously. 

To avoid unneoessary l o s s  of beam i n t e n s i t y ,  w i t h  an accompa.nying increaee  i n  background 

and induced r ad ioac t iv i ty ,  d i spe r s ion le s s  magnet systems a r e  elnployed to  t r a n s p o r t  the  
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TRANSVERSE SECTION 

100 FEET 

LONGITUDINAL SECTION 
Fig. 5 Sectional drawings of the fac i l i t y .  

Fig. 6 Experiment area. 

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

CYC63G04 Geneva, April 23-26, 1963



Session V 1 1  

h igh- in tens i ty  primary beams. Beyond the  l a s t  t a r g e t  along a  given primary beam l i n e ,  

t h e  beam is d e f l e c t e d  90' downward i n t o  a beam s t o p  sunk a t  l e a s t  60 f t  i n t o  the e a r t h .  

The beam e x t r a c t e d  from a negative-ion cyclo t ron  is expected t o  be of high 

q u a l i t y .  No l o s s  i n  t h e  q u a l i t y  of the c i r c u l a t i n g  bean! r e s u l t s  from the  in t roduct ion  

of low-order synunetries i n  t he  magnetic f i e l d  t o  e x c i t e  a resonance e x t r a c t i o n  scheme. 

Es t imr t e s  which have been made of t h e  emit tance give va lues  which compare favorably 

wi th  t h e  emit tance expected of a 700 MeV l i n e a r  acce l e ra to r .  

The sh i e ld ing  i n  the e n t i r e  experimental a r e a  is  movable. The only obs t ruc t ions  

a r e  two columns at the right-hand s i d e  of the cyc lo t ron  vau l t .  T t  i s  f e l t  t h a t  the  

f l e x i b i l i t y  acqui red  by the  use  of movable s h i e l d i n g  is well  worth i t s  add i t i ona l  c o s t .  
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D 1  SCUSSION 

KERST : I was su rp r i sed  to  s e e  how s e r i o u s  t h e  Lorentz d i s s o c i a t i o n  i s  a t  700 MeV. 
Since t h i s  d i s s o c i a t i o n  becomes e a s i e r  as the quantum number f o r  i n t e r n a l  e x c i t a t i o n  
of the a c c e l e r a t e d  e n t i t y  i nc reases ,  I would l i k e  t o  a s k  i f  your es t imate  i s  f o r  the  
ground s t a t e ,  o r  i f  i t  a t t empt s  t o  include p o s s i b l e  e x c i t e d  s t a t e s  f o r  i ons  i n  t h e  beam? 

HADDOCK : No, the curve of Fig. l w a s  ob ta ined  by us ing  ~ i s k ~ ' s  so-cal led C curve,  
i .e.  the  c e n t r a l  value. I n  t h e  event  t h a t  t h i s  curve is  wrong, t h i s  w i l l  reduce the 
maximum energy a t  which these  q u a l i t i e s  can be obtained.  Measurements a r e  i n  progress  
t o  determine t h i s  curve exact ly .  

LAPOSTOLLE : What of t h e  p o s s i b i l i t y  of s t r i p p i n g  negat ive  ions  and the f a c i l i t i e s  
neu trals might provide? 

WRIGHT : Based on cross-sec t ions  r e c e n t l y  measured by Pyle, Berkner and Kaplan (LRL) 
a t  10 MeV, i t  i s  poss ib l e  t o  es t imate  the f r a c t i o n  of a  c i r c u l a t i n g  H- beam which may 
be e x t r a c t e d  a s  neu t r a l s .  Fig. 7  shows the  cross-sec t ion  r a t i o s  f o r  n i t rogen s t r ipp ing .  
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Fig. 7 Stripping data, p-esented by Wright in discussion. 
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Fig. 8 An application for neutral beam, presented by 
Wright in discussion. 

A t  two ha l f  t h i cknes ses  about  45% of t he  i n i t i a l  beam emerges as neu t r a l s .  The abso lu t e  
c ros s - sec t ions  a r e  such t h a t  s o l i d  t a r g e t s  can be made s u f f i c i e n t l y  t h i n  t o  a t t a i n  t h i s  
f r a c t i o n  of n e u t r a l s  f o r  ene rg i e s  only  above about  150 MeV. Fig. 8 s h m s  how, w i t h  a 
"combination" magnet, neu t r a l  beams can  be used t o  produce an e x t e r n a l  beam w i t h  oon- 
t i nuous ly  v a r i a b l e  energy a long  a cons t an t  beam l i n e .  
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