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A s  t h e  t i t l e  sugges t s  t h i s  paper 
w i l l  d epa r t  somewhat from t h e  g e n e r a l  
t o p i c  of t h i s  s e s s i o n  and w i l l  be con- 
cerned more wi th  a p p l i c a t i o n s  of 
a c c e l e r a t o r s  than  wi th  a c c e l e r a t o r s  them- 
s e l v e s .  The p a r t i c u l a r  a p p l i c a t i o n  of 
i n t e r e s t  a t  our  l a b o r a t o r y  concerns t h e  
use of a  h igh  c u r r e n t  i n t e rmed ia t e  energy 
proton a c c e l e r a t o r  a s  t h e  b a s i s  f o r  a  
v e r s a t i l e  i n t e n s e  neut ron  sou rce .  Chalk 
R i v e r ' s  e n t r y  i n t o  t h e  in t e rmed ia t e  
energy a c c e l e r a t o r  f i e l d  wi th  neut ron  
product ion  a s  t h e  primary mot iva t ion  i s  
somewhat unusual .  Although neut ron  pro- 
duct ion  i s  a l s o  being explored  by o t h e r  
l a b o r a t o r i e s  i n t e r e s t e d  i n  i n t e rmed ia t e  
energy acce l e ra to r s ,  e. g . ,  Oak Ridge National 
Laboratory and Los Xlamos Scientific Laboratory, 
i t  has no t  been t h e  major mot iva t ion .  
Our i n i t i a l  mot iva t ion  was i n  f a c t  t h e  
product ion  of  thermal neut rons  and t h i s  
i n t e r e s t  has remained foremost i n  our I N G  
program1,2. We a r e  c u r r e n t l y  w r i t i n g  a  
proposa l  f o r  t h i s  p r o j e c t .  Our t a r g e t  i s  
t o  have a  proton beam i n  1973. 

F igure  1 shows t h e  p r e s e n t l y  con- 
ceived layout  of t h e  I N G  f a c i l i t y  a s  i t  
w i l l  look when f u l l y  developed. On t h e  
l e f t  i s  t h e  pro ton  a c c e l e r a t o r  shown he re  
a s  a  t h r e e - s t a g e  POC.  We have o t h e r  
drawings i n  which t h e  a c c e l e r a t o r  i s  
shown a s  a  Chl Linac and,  a s  of now, our 
Acce le ra to r  group a r e  no t  s u r e  which of 
t h e  two holds  t h e  g r e a t e r  promise of  
f i l l i n g  our s p e c i a l  needs f o r  h igh  e f f i -  
c iency  i n  CV ope ra t ion ,  r e l i a b i l i t y ,  and 
a c c e s s i b i l i t y .  But I s h a l l  have t o  forego 
t h e  tempta t ion  of  launching i n t o  t h a t  
s t o r y  i f  I am t o  s t i c k  t o  my s u b j e c t  of 
r e s e a r c h  p o s s i b i l i t i e s .  Let us assume 
t h a t  t o  t h e  l e f t  i n  t h i s  f i g u r e  we have 
an SOC ope ra t ion  a t  50 MHz and provid ing  
CW pro tons  a t  about  1 GeV wi th  a  beam 
c u r r e n t  of about  65  m A .  These f i g u r e s  
a r e  s u b j e c t  t o  r e v i s i o n  a s  t h e  o v e r a l l  
design matures but  we s h a l l  use  t h e s e  a s  
nominal f i g u r e s .  The energy and c u r r e n t  
a r e  no t  f a r  from what w i l l  u l t i m a t e l y  be 
r e q u i r e d  i n  any case .  However, i f  we 
s e t t l e  f o r  a  Linac t h e  beam micropulse 
frequency w i l l  probably be c l o s e r  t o  200 
MHz . 

The beam t r a n s p o r t  and experimental  
a r ea  l ayeu t  fo l lowing  t h e  a c c e l e r a t o r  a r e  

designed wi th  two o b j e c t s  i n  mind: 1, t o  
provide  proton beams of r e q u i r e d  charac-  
t e r i s t i c s  f eed ing  f o u r  d i s t i n c t  neut ron  
producing t a r g e t  f a c i l i t i e s  and a  meson 
f a c t o r y ,  wi th  a  minimum of beam s p l i t t e r s  
and bending magnets; 2 ,  t o  l eave  generous 
spaces  between t h e  va r ious  components t o  
permit  t h e  i n e v i t a b l e  modif ica t ions  and 
a d d i t i o n s ,  and t o  make room f o r  ample 
s h i e l d i n g .  

Now l e t  us cons ide r  t h e  va r ious  sub- 
u n i t s .  The main beam pa th ,  beam No. 1, 
l eads  t o  t h e  thermal  neut ron  t a r g e t  
f a c i l i t y  which I w i l l  d i s c u s s  l a t e r .  
Af t e r  emerging from t h e  a c c e l e r a t o r ,  beam 
No. 1 passes  through a  two-way s p l i t t e r  
which e j e c t s  t r a i n s  of micropulses ( e i t h e r  
s i n g l y  o r  i n  groups)  t o  two secondary 
t r a n s p o r t s .  Beam No. 2  which has  a  cur-  
r e n t  of  about  1 mA w i l l  e v e n t u a l l y  s t r i k e  
a  deuterium t a r g e t  f o r  product ion  of  f a s t  
neut rons .  Beyond t h a t  t a r g e t  t h e  spen t  
beam No. 2 w i l l  be d e f l e c t e d  ou t  of  t h e  
way t o  an underground beam dump. Beam 
No. 3 which w i l l  be a t  most of t h e  o r d e r  
of  1:5000 of  t h e  main beam i . e . ,  < 15 )LA, 
w i l l  be s p l i t  aga in  wi th  about  0 . 1  )LA go- 
i n g  t o  an advanced power technoldgy 
l a b o r a t o r y  and t h e  remainder t o  a  reso-  
nance neut ron  t a r g e t  n o t  u n l i k e  t h a t  used 
wi th  t h e  Nevis ~ ~ c l o t r o n . 3  The h e a v i l y  
s h i e l d e d  p a r t s  of t h e  t r a n s p o r t  t unne l s  
from beams No. 1 and 2 enc lose  meson t a r -  
g e t s  from which meson channels  can be l e d  
ou t  t o  t h e  meson exper imenta l  a r e a .  
Nominal va lue  f o r  t h e  pro ton  beams de l iv -  
e red  t o  t h e  va r ious  neut ron  t a r g e t s  a r e  
l i s t e d  i n  Table I. 

A word should be s a i d  about  beam 
s p l i t t e r s .  We have n o t  y e t  launched a  
s p l i t t e r  development program but 'have  
s a t i s f i e d  ou r se lves  t h a t  a  s p l i t t e r  sys-  
tem approaching our requi rements  i s  n o t  
o u t  of t h e  ques t ion ,  given t ime f o r  de- 
velopment. Our cu r so ry  s tudy  has l e d  us  
t o  b e l i e v e  t h a t  a  p a r a l l e l  p l a t e  wave 
guide  wi th  an  RP pu l se  t r a v e l l i n g  counter  
c u r r e n t  t o  t h e  beam would make a  good 
micropulse d e f l e c t o r .  This  would be 
fol lowed by a  d r i f t  space wi th  septum mag- 
n e t s .  Generators  d e l i v e r i n g  t r i g g e r e d  
10-100 kV pu l se s  wi th  - 1 nanosecond r i s e  
t imes a r e  a  ready d i scussed  i n  t h e  
l i t e r a t u r e . &  A c r u c i a l  requirement w i l l  
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be t o  f i n d  a  way of d r i v i n g  such a  device  
a t  a  r e p e t i t i o n  r a t e  up t o  0 . 5  MHz i n  
phase wi th  t h e  beam. It d o e s n t t  seem t o  
be unduly o p t i m i s t i c  t o  assume t h a t  an  
accep tab le  s p l i t t e r  can be b u i l t  w i th in  
our t imesca le .  

Now l e t  us t u r n  t o  t h e  t a r g e t s  and 
t h e  neut ron  ou tpu t s  t o  be achieved from 
each.  The b a s i s  of  t h e  whole concept  i s  
t h e  s p a l l a t i o n  r e a c t i o n  which i s  demon- 
s t r a b l y  more e f f i c i e n t  than a l l  o t h e r  
methods p r e s e n t l y  a v a i l a b l e  a s  measured 
i n  terms of  t h e  neut rons  emi t t ed  pe r  u n i t  
of  h e a t  genera ted  i n  t h e  source  i t s e l f .  
Now I s h a n ' t  go i n t o  d e t a i l s  of t h e  neu- 
t r o n  y i e l d s  and h e a t  l i b e r a t e d  i n  s p a l l a -  
t i o n  but  I do want t o  s a y  t h a t  t h i s  whole 
ques t ion  i s  now ve ry  w e l l  understood 
thanks t o  r e c e n t  c a l c u l a t i o n s 5  and t o  
d i r e c t  y i e l d  measurements c a r r i e d  ou t  a  
yea r  ago on t h e  Cosmotron by a  o i n t  team 
from Oak Ridge and Chalk River.' It 
should a l s o  be mentioned t h a t  t h e  idea  of 
u s ing  spa l l a  t ion  t o  produce l a r g e  sources  
of neut rons  has  a l r e a d y  had a  cons ide rab le  
h i s t o r y  It formed t h e  b a s i s  f o r  t h e  MTA 
pro  jec t7  a t  Livermore p r i o r  t o  1954. 
About t h a t  time D r .  Lewis a t  Chalk R ve r  
a l s o  i n i t i a t e d  a  s tudy  of  s p a l l a t i o n b , 9  
a s  an  a l t e r n a t i v e  t o  r e a c t o r s  a s  a  source  
of neut rons  t o  produce f i s s i l e  m a t e r i a l .  
Around 1963 when our  p r e s e n t  I N G  s tudy  
g o t  under way a t  Chalk R ive r ,  Alex Zucker 
a t  Oak Ridge and P.A. E g e l s t a f f  and F.M. 
R u s s e l l  a t  Harwell and t h e  Ruther ford  
Laboratory were a l s o  cons ide r ing  t h e  
potenQpl$t ies  of  neut ron  sources  of t h i s  
type .  

Table I1 l i s t s  t h e  p r i n c i p a l  para-  
meters  and dimensions of t h e  I N G  thermal  
neut ron  source  ( t a r g e t  and moderator)  a s  
it i s  p re se  t l y  conceived.  The beam tube  
f l u x  of 1O18 cm-2 s e c - l  i s  t h e  des ign  
o b j e c t i v e .  This  f l u x  w i l l  be genera ted  
a t  t h e  inner-  ( source-  ) end of  a  beam 
tube .  This  a d j e c t i v e  "per turbed"  s i g n i -  
f  i e s  t h a t  f l u x  depress ion  e f f e c t s  i n t r o -  
duced by t h e  beam tubes  themselves a r e  
taken  i n t o  account .  The source  s t r e n g t h  
f o r  t a r g e t  and moderator of  m a t e r i a l s  and 
dimensions shown i s  r e q u i r e d  t o  be 1019 n  
s e c - l .  The pro ton  beam r e q u i r e d  i s  65  mA 
a t  1 GeV i . e .  a  beam power of  65  MW. This  
power i s  spread  between source,  moderator, 
and s h i e l d  i n  t h e  p ropor t ion  39: 16: 10 
MW. The d e t a i l s  of number of  beam tubes  
and i r r a d i a t i o n  f a c i l i t i e s  a r e  g iven  a t  
t h e  bottom. I n  many ways t h e  experimental  
f a c i l i t i e s  resemble t h o s e  of  a  compact- 
co re  h igh - f lux  r e s e a r c h  r e a c t o r  such a s  
H F B R . ~ ~  F igure  2 p r e s e n t s  a  view of t h e  
t a r g e t ,  modera t o r ,  and s h i e l d  showing 

t h e  p o s i t i o n s  of t h e  v a r i o u s  exper imenta l  
f a c i l i t i e s .  The s p l i t  c y l i n d e r  surround- 
i n g  t h e  t a r g e t  t ube  is  a  bery l l ium neut ron  
m u l t i p l i e r  which i n c r e a s e s  t h e  neut ron  
y i e l d  by t h e  ~ e g ( n , 2 n )  r e a c t i o n .  You w i l l  
n o t i c e  t h a t  most of t h e  beam tubes  a r e  
t a n g e n t i a l  t o  t h e  t a r g e t ,  an  arrangement 
which i n c r e a s e s  t h e  thermal  t o  ep i the rma l  
f l u x  r a t i o  i n  t h e  neut ron  beams. The 
beam tubes  a r e  4 inches  i n  d iameter .  A l l  
a r e  provided wi th  v e r t i c a l  acces s  t ubes  
which permit  i n t r o d u c t i o n  of t a r g e t s  o r  
moderators i n  t h e  h igh  f l u x  r eg ion  with- 
ou t  i n t e r f e r i n g  wi th  t h e  beam tube  p rope r .  
When any tube ,  h o r i z o n t a l  o r  v e r t i c a l ,  i s  
no t  i n  use  it w i l l  be f looded wi th  D20 t o  
reduce leakage of neu t rons .  The s h i e l d  
must be Q 15 f e e t  of i r o n  t o  s c reen  ou t  
h igh  energy neu t rons .  These a r e  p r i n c i -  
p a l l y  cascade neut rons  i n  t h e  range 15  
MeV t o  1 GeV which c o n t r i b u t e  some 20% t o  
t h e  t o t a l  neut ron  ou tpu t .  F igure  3  shows 
t h e  unmoderated neut ron  spectrum from t h e  
t a r g e t .  It c o n s i s t s  of an  evapora t ion  
spectrum peaked a t  3  MeV reminiscent  of 
a  f i s s i o n  neut ron  spectrum, and a  h igh  
energy cascade t a i l  ex tending  t o  1 GeV. 
For most experiments  t h e s e  cascade neu- 
t r o n s  a r e  u n l i k e l y  t o  c o n t r i b u t e  a  s e r -  
i ous  background compared t o  t h a t  from 
incomple te ly  moderated neut rons  from t h e  
evapora t ion  spectrum. The background 
from keV neut rons  i n  t h i s  device  should  
be s i m i l a r  t o  t hose  from r e a c t o r s  which 
a r e  known t o  be t o l e r a b l e .  However, t h e  
neut ron  beams, p a r t i c u l a r l y  because of  
t h i s  ve ry  h igh  energy component, p re sen t  
h e a l t h  hazards  much more seve re  than  those  
from r e a c t o r s .  This  may n e c e s s i t a t e  con- 
duc t ing  t h e  neut ron  beams i n  enc losed  
p ipes  t o  beam c a t c h e r s  o u t s i d e  t h e  bui ld-  
i ng  a s  sugges ted  i n  F igure  4. These beam 
p ipes  can be broken i n t o ,  where r e q u i r e d ,  
t o  i n s e r t  experimenta l equipment; t h e i r  
main purpose w i l l  be t o  prevent  personnel  
from i n t e r c e p t i n g  t h e  beams. F igu re  5  
shows an  e l e v a t i o n  view of t h e  t a r g e t ,  
moderator, and s h i e l d  wi th  t h e  incoming 
pro ton  beam tube  d i r e c t e d  a t  t h e  t a r g e t  
i n  a  downward d i r e c t i o n .  The l i q u i d  
meta l  h e a t  exchanger system i s  s i t u a t e d  
below f l o o r  l e v e l .  

I need spend l i t t l e  t ime d e s c r i b i n g  
t h e  f a s t  neut ron  and resonance neut ron  
t a r g e t s .  Both a r e  o f  convent ional  des ign  
and p re sen t  few new problems. Time-of- 
f l i g h t  systems r e q u i r e  space  f o r  f l i g h t  
pa ths  and we have made p rov i s ion  f o r  
t hese ;  some 1000 meters  i s  al lowed f o r  i n  
a t  l e a s t  one d i r e c t i o n  from t h e  resonance 
neut ron  t a r g e t  blockhouse, which, a s  you 
may r e c a l l  i n  F igure  1, was s i t u a t e d  a t  
t h e  end of  beam No. 3. Provis ion  w i l l  be 
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made f o r  i n s t a l l i n g  o t h e r  s h o r t e r  f l i g h t  
pa ths  a s  r e q u i r e d .  

The t h r e e  t a r g e t s  s o  f a r  mentioned, 
f o r  CW thermal  neu t rons ,  and pulsed  reso-  
nance and f a s t  neu t rons ,  a l l  provide 
e x c e p t i o n a l l y  i n t e n s e  f l u x e s  compared t o  
e x i s t i n g  f a c i l i t i e s  and we s h a l l  r e t u r n  
t o  d i s c u s s  t h e s e  l a t e r .  But next  I would 
l i k e  t o  desc r ibe  b r i e f l y  t h e  idea behind 
t h e  f o u r t h  neut ron  f a c i l i t y  which we c a l l  
t h e  advanced power technology f a c i l i t y .  
The c e n t r a l  idea i s  t o  s tudy ,  a s  a  p i l o t  
p l a n t  t h e  e f f e c t s  of  bombarding t a r g e t s  
of  u238 o r  thorium wi th  1 GeV protons .  It 
i s  known from Monte Car lo  c a l c u l a t i o n s  
and d i r e c t  measurements t h a t  t h e  neut ron  
y i e l d  pe r  pro ton  on a  uranium t a r g e t ,  f o r  
example, i s  about  twice  t h a t  f o r  a  lead- 
bismuth t a r g e t  ecause  of c o n t r i b u t i o n s  
from f i s s i o n . 5 ~ ~  But a t  t h e  same t ime 
t h e  h e a t  i n  t h e  t a r g e t  i s  about  f o u r  
t imes g r e a t e r  per  pro ton  than  f o r  lead- 
bismuth, aga in  because of t h e  excess  hea t  
c o n t r i b u t e d  b  i s s i o n .  The l a t t e r  pro- 
p e r t y  makes UH3& o r  Th u n s u i t a b l e  a s  t a r -  
g e t s  f o r  t h e  h igh  thermal  f l u x  f a c i l i t y  
because,  i n  t h a t  a p p l i c a t i o n ,  t a r g e t  h e a t  
i s  of  c r i t i c a l  concern and one must keep 
t h e  t a r g e t  sma l l  t o  o b t a i n  h igh  f l u x .  
However, i f  one ' s  g o a l  i s  t o  produce 
l a r g e  numbers of neut rons  i n s t e a d  of  a  
h igh  f l u x ,  t a r g e t s  of ~~3~ and Th a r e  
favoured because i t  i s  p o s s i b l e ,  i n  
p r i n c i p l e ,  t o  use  a  l a r g e  t a r g e t  and t o  
spread  t h e  beam o u t  t o  f a c i l i t a t e  cooling. 
Such a  t a r g e t  can be surrounded by a  
b l anke t  of  more f e r t i l e  m a t e r i a l  t o  ab- 
s o r b  neu t rons .  The whole assembly may be 
regarded  a s  a  f a c i l i t y  f o r  r a p i d l y  breed- 
i n  f i s s i l e  m a t e r i a l  wi thout  consuming 
U 2 5 5 .  One can conceive,  i n  a d d i t i o n ,  of  
a  c y c l e  i n  which t h e  hea t  from t h e  
breeder  t a r g e t  and a  r e a c t o r  burning t h e  
f i s s i l e  m a t e r i a l  i s  combined t o  d r i v e  a  
gene ra to r  which s u p p l i e s  e l e c t r i c a l  power 
t o  run t h e  a c c e l e r a t o r  and s t i l l  has  some 
l e f t  over  f o r  d i s t r i b u t i o n .  l 3  Such 
systems a r e  u n l i k e l y  t o  become economi- 
c a l l y  compet i t ive  u n t i l  some time i n  t h e  
f u t u r e  and then  only  a f t e r  a  l o t  of de- 
velopment work. It i s  t o  s tudy  t h e  b a s i c  
phys ics  and engineer ing  of  such systems 
t h a t  t h e  advanced power technology t a r g e t  
i s  inc luded i n  t h e  I N G  f a c i l i t y  a s  a  ze ro  
power device .  

Now I would l i k e  t o  r e t u r n  t o  t h e  
neut ron  beam r e s e a r c h  f a c i l i t i e s  and 
summarize t h e i r  c a p a b i l i t i e s  i n  i n t e n s i t y ,  
pu l se  c h a r a c t e r i s t i c s  and s o  f o r t h .  These 
a r e  summarized i n  Table 111. 

The p o t e n t i a l i t y  of  t h e s e  exper i -  
mental f a c i l i t i e s  can be b e s t  i l l u s t r a t e d  
wi th  some comparisons wi th  e x i s t i n g  
f a c i l i t i e s .  The thermal  neut ron  f a c i l i t y  
has  roughly  t h e  same number of beam tubes  
a s  HFBR but  13 t imes t h e  nominal f l u x  of  
t h a t  f a c i l i t y . 1 2  I n  a d d i t i o n  t h e  I N G  
t a r g e t  w i l l  have a  l a r g e  c a p a b i l i t y  f o r  
product ion  of  r a d i o a c t i v e  i s o t o  e s  f o r  
r e s e a r c h  and i n d u s t r y ,  e . g .  Co68, and 
t r a n s u r a n i c  e lements .  I t s  beam tube  f l u x  
i s  twice  a s  g r e a t  a s  t h e  nominal f l u x  i n  
t h e  HFIR r e a c t o r 1 4  f l u x  t r a p  and it w i l l  
have more beam t u b e s .  However, t h e  i so-  
t ope  i r r a d i a t i o n  f a c i l i t i e s  i n  t h e  I N G  
thermal  t a r g e t  w i l l  no t  be a s  ex tens ive  
a s  t h o s e  of  HFIR. A s  a  resonance neut ron  
t ime-o f - f l i gh t  f a c i l i t y  it w i l l  compare 
ve ry  f avourab ly  wi th  a l l  o t h e r  systems 
inc lud ing  t h e  l a t e s t  gene ra t ion  of l i n a c s ,  
isochronous c y c l o t r o n s ,  and pulsed  reac-  
t o r s .  This  s o r t  o f  comparison i s  d i f f i -  
c u l t  t o  c a r r y  ou t  i n  a  f a i r  way q u a n t i t a -  
t i v e l y  s i n c e  i t  depends on how t h e  device  
w i l l  be used a s  w e l l  a s  on r e p e t i t i o n  
r a t e ,  b u r s t  width,  and peak neut ron  
i n t e n s i t i e s  i n  t h e  burst15 a s  w e l l  a s  on 
d e t a i l s  of he  geometry o f  t a r g e t  and 
moderator. A s  a  pu l sed - fa s t  neut ron  
source  i n  t h e  energy range > 15 MeV t h e  
I N G  w i l l  be e s s e n t i a l l y  i d e n t i c a l  t o  t h e  
Los Alamos Meson F a c i l i t y . 1 7  It w i l l  a l -  
s o  be comparable t o  LAMPF a s  a  meson 
f a c t o r y ,  but  t h a t  i s  a  l i t t l e  o f f  my pre- 
s e n t  t o p i c .  

Looking t o  f u t u r e  developments, one 
can f o r e s e e  t h e  p o s s i b i l i t y  of coupl ing  
t h e  a c c e l e r a t o r  t o  a  s t o r a g e  r i n g  which 
can be dumped p e r i o d i c a l l y  t o  g r e a t l y  en- 
hance t h e  in s t an taneous  pu l se  c u r r e n t  
d e l i v e r e d  t o  any t a r g e t .  A s  an  example, 
i f  one could  s t o r e  f o r  5 m s ec  and dump 
i n  0 . 1  sec  one would i n c r e a s e  t h e  
in s t an taneous  b u r s t  i n t e  s i t y  i n  t h e  
thermal  t a r g e t  by 5 x 10t i . e .  5 X 1023 
n/sec i n  t h e  peak a t  a  r e p e t i t i o n  r a t e  of 
200 p e r  second. The t a r g e t  would d i s s i -  
p a t e  no more h e a t  than  i n  CW ope ra t ion  
but  c e r t a i n  changes would be r e q u i r e d  i n  
des ign  of  t h e  moderator assembly t o  make 
optimum use  of  t h e  pulsed  mode. Such a  
s t o r a g e  r i n g  would r e q u i r e  much develop- 
ment work and i s  no t  p a r t  of our  immediate 
proposa l  f o r  I N G .  

This  neut ron  f a c i l i t y  would, of 
cou r se ,  have many a p p l i c a t i o n s ,  most of 
them s p r i n g i n g  q u i t e  n a t u r a l l y  from ex i s -  
t i n g  experiments  which need h ighe r  f l u x  
t o  accomplish work wi th  h ighe r  r e s o l u t i o n ,  
g r e a t e r  s e n s i t i v i t y ,  o r  s m a l l e r  samples. 

Proceedings of the International Conference on Isochronous Cyclotrons, Gatlinburg, Tennessee, 1966

E-005 Reprinted from IEEE Transactions on Nuclear Science NS-13 (4), Aug 1966 c© IEEE 1966



1966 BARTHOLOMEW: INTENSE NEUTRON GENERATOR 303 

I d o n ' t  want t o  p r e s e n t  a  long l i s t  of 
t h e s e  a p p l i c a t i o n s ,  some of them a r e  
a l l u d e d  t o  i n  t h e  a b s t r a c t  o r  have been 
r e p o r t e d  elsewhere1, bu t  what I s  more t o  
t h e  p o i n t ,  most of  t h e  experiments  I 
could  ca t a logue  today may be passe  by 
1973 and a  d i f f e r e n t  s e t  w i l l  be command- 
i n g  our i n t e r e s t .  I t h i n k  it i s  c l e a r  
t h a t  I N G  p r e s e n t s  an  u n p a r a l l e l e d  poten- 
t i a l  a s  a  f a c i l i t y  f o r  neut ron  phys ics  
r e s e a r c h  and,  once a v a i l a b l e ,  t h e r e  would 
be no sho r t age  of  experiments  t h a t  would 
t a k e  advantage of i t .  
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TABLE I 

C h a r a c t e r i s t i c s  of  Proton Beams i n  I N G  

RF Frequency 50 MHz 

Proton micropulse width r 2 3 n  sec  

Target  Beam Beam Proton Burst  
Current  Frequency 

~- - 

Therma l # 1 - 65 mA 50 MHz 

F a s t  #2 - 1 m A  - 0 . 8 M H z  

4 Resonance #3 a  < 1 5  FA < 10 Hz 

NPT * # 3 b  - 0 . 1 k A  - 8 0 H z  

C 
Nuclear Power Technology 
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TABLE I1 

I N G  Thermal Neutron F a c i l i t y  

Beam Tube Maximum Flux ( p e r t u r b e d )  1016 n  em-2 sec-' 
Source S t r e n g t h  1 .0~9 n  s e c - l  

Target  Ma te r i a l  Pb-Bi e u t e c t i c ,  Z r  t ube ,  Nb l i n e r  
Target  Dimens ions  20 cm d ia  X 60 cm e f f e c t i v e  l eng th  
Modera t o r  D20 
Modera t o r  Thickness 100 cm 
S h i e l d  I r o n ,  heavy conc re t e  
Sh ie ld  th i ckness  a t  beam tube  e l e v a t i o n  450 cm ( i r o n )  

Proton Beam 
Beam Power 
Target  Heat 
Modera t o r  Heat 
S h i e l d  Heat 

F a c i l i t i e s  

65  m A ,  1 GeV, CW 
65 MW 
39 MW 
16 MW 
10 MW 

5 t a n g e n t i a l  beam tubes  10 cm d ia  
1 through beam tube  10 cm d ia  
1 r a d i a l  beam tube  10 cm d ia  
7 v e r t i c a l  acces s  tubes  
2  pneumatic r a b b i t s  
5 v e r t i c a l  th imbles  15 cm d i a  
18 hydrau l i c  c a r r i e r s  
1 c o b a l t  b l anke t  

TABLE I11 

Neutron Beam C h a r a c t e r i s t i c s  

Thermal 
Neutron 
F a c i l i t y  

Resonance F a s t  
Neutron Neutron 

F a c i l i t y  F a c i l i t y  

F  lux  

o r  

Burst  

I n t e n s i t y  

Rep.Rate 

sec-' 

4 t a n g e n t i a l  t ubes  1016 cm-2sec-1 t h  

1 t a n g e n t i a l  t ube  5x10 15 1 1  II 11 

1 through tube  1016 9 " -10" n /burs t  - 2x10 n /burs t  

1 r a d i a l  t ube  ,,l6 ,, I, " O < E < l G e V  E = - 1 GeV 

r a b b i t s  ,,l6 " Pb t a r g e t  D2 t a r g e t  

2  v e r t i c a l  tubes  5x1~15 " " ?I 

3 v e r t i c a l  t ubes  2 x 1 0 ' ~  " !I 

hydrau l i c  car r ie rs -1x10 15 1, v1 11 

Epithermal n e u t r  n s  of 3a r ioug  
f l u x e s  Q 3 ~ 1 0 1 ~  n  cm- sec-  

CW 
4 C 10 v a r i a b l e  J 5 x l ~ 5  v a r i a b l e  

Pulse  Width 
n  sec  

> 3 - - 3 
unmodera t e d  
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Fig. 1. Layout of ING project. 
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Fig. 2 .  ING thermal neutron facility 
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Fig. 5. Elevation view of ING thermal neutron target 
showing positions of proton beam transpart, neutron 
beam tubes, f lask f o r  servicing i r radiat ion f a c i l i t i e s ,  
and parts of the l iquid metal c i rculat ion system. 

DISCUSSION 
duction would be satisfactory, initially. 

DMITRIEVSKY: Does one obtain the greates t  
VOGT: What fraction of the 65 mA beam would neutron yield f rom lead and bismuth? 
you be able to use  fo r  meson production? 

BARTHOLOMEW: No. The la rges t  neutron yield'' 
BARTHOLOMEW: We contemplate using thin i s  obtained f rom uranium o r  thorium, but the 
transmission targets  in the main beam; these number of neutrons per  unit of heat l iberated i s  
would be difficult to cool, but would perhaps more  favorable in lead-bismuth. 
take 170 of the beam. Alternatively, perhaps 
a mill iamp of beam could be used for  meson pro- LIVINGOOD: How will it cost? 
duction if the beam i s  deflected to Channel 2. 

BARTHOLOMEW: This i s  complicated, how 
VOGT: I s  there no thought of using much more  of much do you include in the device, hav much the full beam for  meson production? development work, auxiliary equipment, and so 

on. We would hope that our initial facility would 
BARTHOLOMEW: This i s  not impossible, but we cost rather less than twice as much as the 
thought that allowing about 1 mA for  meson pro- Los Alamos facility. 
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