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I n  t h i s  paper, I s h a l l  confine myself p r imar i l y  t o  medium energy sector-f  ocused 

cyc lo t ron  f a c i l i t i e s ,  a l though much of the  ma te r i a l  has more genera l  app l i ca t i on .  

I s h a l l  no t  a t tempt  t o  ca ta logue  a l l  t h e  experimental  l ayou t s  i n  the f i e l d ,  bu t  

r a t h e r  t o  emphasize some genera l  ideas. 

From D r .  ~ i v i n ~ s t o n ' s  paper ' ) ,  i t  is c l e a r  t h a t  t h i s  type of cyc lo t ron  has  

indeed ar r ived .  The s p i r a l  r i d g e  cyc lo t ron  i s  a v e r y  v e r s a t i l e  p r e c i s i o n  a c c e l e r a t o r  

w i  t h  a n  e x t e r n a l  beam q u a l i t y  comparable t o  t h a t  of a van de Graaf f  wachine. I t  i s  

the re fo re  app rop r i a t e  i n  cons ider ing  a cyc lo t ron  f a c i l i t y  t h a t  one should i nc reas -  

i n g l y  focus  ones a t t e n t i o n  on t h e  experimental  requirements. 

I n  f a c t  I would make t h e  p o i n t  t h a t  f o r  the u s e r s  the  experimental layout ,  no t  

t h e  cyc lo t ron  p re sen t s  the  most important problem i n  des igning  a cyc lo t ron  pro  j ec t .  

And the d e t a i l e d  experimental layout  must be s p e c i f i e d  e a r l y  enough f o r  t h e  b u i l d i n g  

des ign  t o  proper ly  inoorpora te  i ts requirements. 

Let me be more s p e c i f i c .  I t  t akes  a d e t a i l e d  a n a l y s i s  by sen io r  experimenters  

t o  des ign  proper ly  the va r ious  beam l i n e s ,  t h e  beam a n a l y s i n g  magnets, t he  va r ious  

f o c a l  po in t s ,  the co l l ima to r s ,  the spectrometer  f o r  t h e  r e a c t i o n  products ,  e t c .  

Is t h e r e  adequate p rov i s ion  f o r  a l l  t h i s ?  

For gamma coincidence work t h e  s t r a y  gamma and neutron background must be low. 

Th i s  means a t  l e a s t  one and p re fe rab ly  two bends a f t e r  t h e  last  col l ima. t ion p l u s  

adequate sh ie ld ing .  Does the  p l an  include t h i s ?  

How many simultaneous experimental  s e t u p s  a r e  needed? When one experiment i s  

i n  progress  should the o the r  se tups  be acces s ib l e?  How many count ing  se tups  should 

t he re  be? Should these be l oca t ed  near  t he  con t ro l  room o r  elsewhere? Are t h e  

u t i l i t y  t renches  convenient  t o  a l l  t h e  necessary a r eas?  W i l l  t he  f l o o r  suppor t  a l l  

these  loads? 

Changes i n  l ayou t s  w i l l  c e r t a i n l y  occur. Are t he re  adequate p rov i s ions  f o r  

p o s s i b l e  f u t u r e  expansion? The list is  seemingly end le s s  and y e t  the  success  of the  

p r o j e c t  depends heavi ly  on how wel l  these  q u e s t i o n s  a r e  answered. Obviously t he re  is 

no simple5 p a t  s o l u t i o n ;  requirements  vary  widely and even f o r  the  same requirements  

t he re  may be s eve ra l  good so lu t ions .  With these  i deas  i n  mind l e t  u s  look a t  a few 

t y p i c a l  experimental layouts .  

Figure l shows the Un ive r s i t y  of Colorado plan. This f a o i l i t y  has been b u i l t  

by a small s t a f f  wi th  l i m i t e d  f a c i l i t i e s ,  but  the r e s u l t s  a r e  exce l l en t .  W O  s i d e s  
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Fig. 1 University of Colorado sector-focused oyolotron facility. 

of t h e i r  oyolo t ron  v a u l t  a r e  movable f o r  any f u t u r e  ohanges o r  f o r  aooeso to  t h e  

maohine. There a r e  two s h i e l d e d  a u x i l i a r y  oaves, and one l a r g e  experiment h a l l .  

The furthermost  po r t ion  of t h i s  h a l l  has a l i g h t  f l o o r  and wall f a o i l i t a t i n g  neutron 

experiments. There i s  room f o r  mul t ip le  se tups ,  and some room f o r  sh i e ld ing  

ind iv idua l  s e t u p s  one from another ,  

Next oonsider  t he  ORNL plan  shown i n  Fig. 2. I n  Oak Ridge they do not  f e e l  as 

s t r o n g l y  as we do about t he  need f o r  movable eaves and have i n s t a l l e d  permanent 

sh i e ld ing ,  whioh makes f u t u r e  expansion somewhat d i f  f  i o u l  t. You w i l l  no t ioe  they have 
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Flg. 2 ORIC external ion-optlcs system. 

Fig. 3 University of Xaryiand sector-focused cyclotron facility. 
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e s s e n t i a l l y  two experimental  v a u l t s :  a l a r g e  one f o r  high-resolut ion work, and a 

smal le r  one f o r  v a r i o u s  o t h e r  experiments. 

The Univers i ty  of Maryland se tup ,  shown i n  Fig. 3, r e p r e s e n t s  a d i f f e r e n t  

approach; the  beam f a c i l i t i e s  a r e  on two d i f f e r e n t  f l o o r  l eve l s .  One of the  main 

boundary cond i t ions  w a s  the  d e c i s i o n  t o  pu t  t h e  f a c i l i t y  i n  a wing of t h e  physios 

bui lding.  You w i l l  note  t h e  cyc lo t ron  is underground. The high-current  high- 

r e s o l u t i o n  beams a r e  piped t o  t h e  f l o o r  above, us ing  the  scheme of Michigan S t a t e  

Univers i ty .  Th i s  arrangement makes e x c e l l e n t  use  of the  sh ie ld ing ,  provides  a g r e a t  

dea l  of experimental  space,  and f i t s  n e a t l y  i n t o  the  bui lding.  I t  r e q u i r e s  some 

d i f f i c u l t  beam o p t i c s  c a l c u l a t i o n s  and f u t u r e  expansion of the  experimental  a r e a s  would 

be d i f f i c u l t ,  u n l e s s  provided f o r  i n  t h e  o r i g i n a l  c o n s t r u c t i o n  plan. 

Figure  4 shows the Rutherford Laboratory plan. This  is a very n e a t  compact lay- 

out. Unlike t h e  o the r  plans  shown, t h i s  one is intended p r i m a r i l y  f o r  r a d i a t i o n  

damage s tud ies .  The bay window f o r  the switching magnet surrounded by the  th ree  caves  

looks v e r y  good. 
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Hamell sector-focused cyclotron facility. 
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Fig. 5 The first 8S-Inch Cyclotron experimentnl layont. 

Now l e t  me t u r n  t o  the 88-Inch Cyclotron plan.  You might suppose, t h a t  w i th  the  

Berkeley experience to  c a l l  on, we proceeded a t  once t o  a love ly  layout .  Such was 

unhappily no t  the  case.  Progress  was slow and we made some mistakes. The f i r s t  

experiment layout  was made by t he  crew of the Rerkeley 60-Inch Cyclotron. I t  r e a l l y  

r ep re sen t ed  what they needed t o  c a r r y  on the e x i s t i n g  programs a t  t h a t  time. I t  had 

some n i ce  f e a t u r e s  as you can see by examining Fig. 5. There was a main experiment 

a r e a  wi th  a  corner  f o r  neutron work, and two small sh i e lded  a r e a s  f o r  high c u r r e n t  

t a r g e t  work. There was no p rov i s ion  f o r  t a r g e t s  i n  the c i r c u l a t i n g  beam. 

A s  we cont inued t o  r e f i n e  our  requirements ,  we came t o  s eve ra l  conclusions:  

(1) We would make l i t t l e  o r  no provis ion  f o r  neutron work s ince  no 

one seemed ve ry  i n t e r e s t e d  i n  neutrons.  Besides, an  e x c e l l e n t  

neutron f a c i l i t y  e x i s t s  40  miles  away a t  the Livermore 90-Inch 

Cyclotron. 
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(2)  Each experiment should be sh i e lded  s e p a r a t e l y  s o  t h a t  any 

s e t u p  could be i n  use wi thout  r e s t r i c t i n g  acces s  t o  the  o t h e r  

a reas .  Of cou r se  t h i s  r e q u i r e d  t h a t  no experimental equipment 

be i n s i d e  t h e  cyc lo t ron  v a u l t .  

(3)  We would do our b e s t  to  phys i ca l ly  s e p a r a t e  high r a d i o a c t i v i t y  

experiments from t h e  low a c t i v i t y  ones. 

From these  cons ide ra t i ons  and o t h e r s  we a r r i v e d  a t  the layout  shown i n  Fig. 6 .  

The d e f l e c t o r  r e p a i r  would be done i n  the  same a r e a  as the t a r g e t  bombardment f o r  

i so tope  product ion.  I t  would be  p o s s i b l e  t o  walk from the high r a d i o a c t i v i t y  a r e a  

d i r e c t l y  t o  t he  chemistry l a b o r a t o r i e s  bu t  not d i r e c t l y  to the  low r a d i o a c t i v i t y  

a reas .  This would reduce a c c i d e n t a l  r a d i o a c t i v e  contamination. We a l s o  would 

enclose and sepa ra t e ly  v e n t i l a t e  t h e  high l e v e l  area.  

Each beam l i n e  would be s epa ra t e ly  sh i e lded  b u t  tandem s e t u p s  would not. The 

p l ans  f o r  the so-ca l led  phys i c s  caves were n o t  worked ou t  i n  d e t a i l ,  b u t  would be 

cons t ruc t ed  of movable blocks,  s o  t h a t  they could  be rear ranged  l a t e r  i f  des i red .  

This  seemed l i k e  a good p l an  and we proceeded wi th  t he  bu i ld ing  cons t ruc t ion .  

Control and 

Feet 
0 0 1 0 1 5 L O Z 3  - 

Fig. 6 A more e l a b o r a t e  design f o r  t h e  88-Inch Cyc lo t ron  expcri lnental  layout.  
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Fig. 7 P r e s e n t  88-Inch Cyc lo t ron  cxperimentnl lnyout .  

F igure 7 shows our  p r e s e n t  layout .  You w i l l  no te  immediately t h a t  t he re  i s  too  

l i t t l e  room along the beam l i n e  i n s i d e  the cyc lo t ron  v a u l t ,  i n  s p i t e  of the  f a c t  t h a t  , 
we increased  the v a u l t  s i z e  twice before  t he  bu i ld ing  des ign  was frozen.  I f  we had 

done a  d e t a i l e d  beam o p t i c s  s tudy  e a r l y  we would have seen  the need f o r  more room. 

But now, i n  s p i t e  of our  moveable sh i e ld ing ,  t h i s  expansion i s  almost impossible. 

A l a rge  u t i l i t y  t rench runs  j u s t  ou t s ide  t h i s  v a u l t  w a l l .  Worse s t i l l ,  t h e  roof 

b locks  a r e  supported by t h i s  w a l l ;  we would need new roof b locks  and new foundation 

p i e r s  even i f  the t rench were moved. 

I f  one examims Pig. 7 i n  more d e t a i l  one w i l l  n o t i c e  n l a rge  number of what I 

c a l l  small hardware items. These a r e  most ly d i agnos t i c  devices  f o r  beam l ineup ,  beam 

o p t i c s  measurements and f o r  beam monitoring du r ing  an experiment. They include qua r t z  

p l a t e s ,  c lo sed  c i r c u i t  t e l e v i s i o n ,  remote measurement of beam p r o f i l e ,  remotely 

c o n t r o l l e d  co l l ima to r s ,  va lves ,  beam p ipes ,  e t c .  These i tems have made p o s s i b l e  

accu ra t e  and e f f i c i e n t  beam measurements b u t  they were n o t  cheap. And un fo r tuna t e ly  

we d id  not  al low f o r  them i n  our budget. Again an e a r l y  s tudy  of the beam o p t i c s  would 

have shown t h e  need f o r  t h i s  small hardware. 

Let me summarize by saying t h a t  I f e e l  the b igges t  problem t o  be faced  by t h e  

d i r e c t o r  of a new medium energy sector-focused cyc lo t ron  f a c i l i t y  is t h i s :  how can 
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one g e t  a  s a t i s f a c t o r y  experiment layout  s p e c i f i e d  e a r l y  enough, and y e t  wi th  adequate 

f l e x i b i l i t y  and adequate allowance f o r  p o s s i b l e  f u t u r e  expansion of a l l  a reas?  
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DTSCUSSION 

SCHMIDT : Even i n  a r a t h e r  simple s c a t t e r i n g  experiment o r  the  s tudy of a  nuclear  
r e a c t i o n  i t  i s  of t e n  q u i t e  c r u c i a l  no t  to have any s l i ts  i n  f r o n t  of the  t a r g e t .  
I f  they a r e  used, double or even t r i p l e  bending i s  d e s i r a b l e  t o  e l imina te  the back- 
ground s c a t t e r i n g  they produce. 

I have two quest ions.  F i r s t ,  have you made a n  e s t ima te  of the a d d i t i o n a l  
p r i c e  of a f l o o r  which can suppor t  everywhere l a rge  amounts of movable sh ie ld ing?  
Second, t he  c o s t  of concre te  blocks i s  more than  the  c o s t  of poured concrete.  Can 
you give any numbers f o r  t h e  r e l a t i v e  c o s t  of f i x e d  and movable sh i e ld ing?  

KELLY : The s h i e l d i n g  load  on the  f l o o r  of the experiment a r e a  is not much more 
than is r equ i r ed  f o r  heavy magne t s (* ) .  I be l i eve  t h a t  the c o s t  of s h i e l d i n g  blocks 
i s  not rmch h igher  than t h a t  of f i x e d  sh ie ld ing .  We had r a t h e r  expensive blocks, 
because ours  were in t e r lock ing ,  and t h i s  means t h a t  they were d i f f i c u l t  t o  bui ld ,  
and almost each one is spec ia l .  I th ink  t h a t  t he  next s e t  of sh i e ld ing  blocks w i l l  
be r ec t angu la r  s o  t h a t  they a r e  much e a s i e r  t o  handle. I n  p r a c t i c e  the s h i e l d i n g  
blocks a r e  not moved very  often.  

FARWELL : I would l i k e  t o  comment a l i t t l e  f u r t h e r  on the  almost  incompatible demands 
made upon the beam handling and def in ing  systems i n  d i f f e r e n t  k inds  of experiments 
which use sector-focused cyclo t rons .  A s  Kelly pointed o u t  perhaps the most d i f f i c u l t  
s e t  of experimental condi t ions  which one may a t tempt  t o  achieve is t h a t  r equ i r ed  by 
p a r t i c l e y  angular  c o r r e J a t i o n  experiments. There one demands a very  high beam 
i n t e n s i t y  on the  t a r g e t ,  and y e t  a t  the  same time imposesthe requirement t h a t  the beam 
should no t  s t r i k e  any ob jec t  l i k e  a co l l ima to r  system i n  t h e  v i c i n i t y ,  as t h i s  would 
c r e a t e  an i n t o l e r a b l e  y-ray background. This  r e q u i r e s  a high c o l l e c t i o n  e f f i c i e n c y  of 
t he  beam t r a n s p o r t  system and a good p r e c i s i o n  i n  focusing. The s l i t  problem is made 
e a s i e r ,  f i r s t  by the f a c t  t h a t  i n  such an  experiment one is  u s u a l l y  w i l l i n g  t o  accept  
a moderate energy r e s o l u t i o n  i n  order  t o  achieve a good i n t e n s i t y ,  and secondly by the 
use  of a double bending system which e l imina te s  most of the background from the  sli ts.  
On the  o ther  hand, i n  a n  experiment which r e q u i r e s  a very  high r e s o l u t i o n  such as some 
s c a t t e r i n g  and r e a e t i o n  s t u d i e s  involving s i n g l e  l e v e l s ,  the y-ray background can 
u s u a l l y  be ignored. Hence one should t r y  t o  design a f l e x i b l e  beam t r anspor t  system 
i n  which the  focus ing  cond i t ions  and d i spe r s ion  can  r e a d i l y  be changed t o  s u i t  any 
s p e c i f i c  experiment w i th in  the range between t h e  two extremes mentioned above. 

(*) See a l s o  the  remark of Blosser  i n  d i scuss ion  fo l lowing the next  paper. 
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