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A study has been made of the use of a 10 GeV high intensity proton acoelerator 

for the production of pion beams of energy below 500 VeV. The specific comparison is 
l )  

between the proposed MURA high intensity acoelerator , which produces a time-average 
intensity of 30 4 at 10 GeV, and an 800 MeV proton acceleraotr of 100 pA time-average 

intensity. 

Pion yields from the 10 GeV accelerator are estimated from the statistical model. 

This model is in good agreement with experiment for 10 GeV protons in the range tested, 

down to pion energies of 1 GeV. It is also in good agreement with experiment for pion 

yields from 400 NeV to 2.8 GeV produced by 6.2 GeV protons in the Bevatron. The 

statistical model can, therefore, be expected to give an accurate estimate of the 

expected pion yield. Yields for the 800 W accelerator are taken from the Oak Ridge 
) Study2 . The yields for the two accelerators are shown in Fig. 1 for a 10 cm carbon 

target, production angle of 45', solid angle of 4.5 X 10" sr and energy spread of 

2 MeV. The IT- intensities for the low-energy accelerator are obtained by nultiplying 

the IT' intensities by 1/7. There is no 

such difference between IT' and 1.r for the 
high-energy accelerator, because at 10 GeV 

a large number of reactions contribute to 
10 CEv.TT+or ll- 

pion production. (multiple troversaIs) 

Also shown is the IT' or IT- yield m 

from the high-energy accelerator for t 
multiple traversals of a thin internal 

10 C~~.lT+orl l -  
target. In this case the effective target 

thickness with respect to poduction is 

infinite, but pion loss due to scattering z 
P 8 0 0  MEV.TT- 

and absorption is negligible. This ability a 10' 

to use a thin target is one of the 

advantages of the high-energy accelerator. 100 200 300 400 500 

The 10 GeV FFAG acoelerator has also PION KINETIC ENERGY (MEV) 

the advantage of flexibility in duty factor, Fig. 1 Yields calculated for 800 YeV isocl~ronous cyclotron 
and for 10 GeV FRAG accelerator. 
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which cannot be approached by an isochronous cyclotron or  l i n e a r  accelerator.  This 

makes i t  possible t o  match the  output of the accelera tor  t o  widely varying detectors. 

h r t h e r ,  pion experiments i n  t h i s  low-energy range can be ca r r i ed  on simultaneously 

with the high-energy experiments which can be performed with t h i s  accelera tor ,  beaause 

the low-energy pions can be produced at l a rge r  angles. Secondary p a r t i c l e s  from an  

in te rna l  t a r g e t  i n  the proposed MURA acce le ra to r  pass through e s s e n t i a l l y  no f r inging 

f i e l d  and t h e i r  o r b i t s  a r e  therefore not distorted.  

The conclusion of t h i s  study is t h a t  a 10 GeV acce le ra to r  produce8 low-energy 

pion beams of i n t e n s i t i e s  comparable t o  those from pion factories.  Because of the  

advantages discussed above ( l a rge  IT- flux, f l e x i b i l i t y  of duty  fac tor ,  etc.) and 

because of its simultaneous u t i l i t y  a t  higher energy, the  1 0  GeV accelera tor  f o r m  an 

a t t r a c t i v e  a l ternat ive .  
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DISCUSS ION 

HADDOCK : F i r s t ,  conaerning the  use of a t h i n  t a r g e t  i n  the  FFAO whereby very l i t t l e  
energy is l o s t  i n  t h e  t a rge t  i n  the  production of pion beams. This is not an important 
e f f e c t  i n  the producing of high-intensity 
pion beams fo r  the simple reason t h a t  you A n  = 4.5 1 0 ~ ~ ~  

a r e  producing a spectrum of p a r t i c l e s  and A E = 2 MOV 

10 un Carbon 
you do not care, wi th in  reason, what the  
energy spread i n  the  primary beam is. For 
the  case given i n  Fig. 1, 10 gr/am2 ta rge t  
i n  the  FFAG, t h i s  corresponds t o  about - 

lop- Tp = 450 Mov loop rrp. 
25 MeV energy l o s s ;  i t  is about a f ~ a c t i o n  
of a geometrical cross-section f o r  carbon. 
In making in tense  beam you could 5 -  

eL-21.50 
---- Tp - 6 6 0 M w  100p amp 

q- 19.5- 

aonceivably use one t o  two geometrical U 10 Gev, lT+orlT - 
mean f r e e  paths. (multiple trawrsals) 

Second concerning your point t h a t  with 
high-energy accelera tors ,  the  low-energy 
beams do not depend much on angle. This 
is not t rue  f o r  the cyclotron pion 
fac to r i e s ,  i n  t h i s  case low energy is same- 
th ing below 100 AIeV and you would be some- 
what independent of angle;  however, f o r  
medium energy pion beams between about z 2- 

200 and 400 &V, you a r e  very angle 5 
dependent. If  you p lo t  from the only 
known data on pion yie lds ,  t h a t  a t  660 MeV 

c r- MW, TT- 7 from the  Dubna machine, and t h a t  at ,do & 4k & 
450 MeV from the Chicago machine, t h e  
pion production at  20°, you obta in  PION KINETIC ENERGY (MEV) 
numbers which are two t o  three  times 
l a r g e r  than the i n f i n i t e  t r ave rsa l  case Fig. 2 A vereion of Fig. 1. as suggested by Haddock, eee 

diecussion. 
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t h a t  was shown. 
I would l i k e  t o  thank POTo Cole f o r  showing me a p rep r in t  of t h i s  t a l k ;  I have taken 
the  opportunity t o  sketch on h i s  drawing the  n3 y ie lds  at 450 MeV and 660 h1eV 
mentioned above. The condit ions a r e  the same as f o r  Fig. 1 with the  exception t h a t  
production is from a carbon t a rge t  at angles near 20' i n  the  laboratory. I would l i k e  
t o  en te r  t h i s  f igure  i n t o  the  Proceedings, see  Pig. 2. 
It is t r u e  tha t  t he  V i n t e n s i t i e s  a r e  anywhere between a fourth t o  a twentieth l e s s  
i n  the  cyclotron pion f a c t o r i e s  than i n  the  higher energy machines. When a l l  f ac to r s  
are added together, however, I bel ieve  they w i l l  t u r n  out  t o  be equivalent  t o  severa l  
times the  i n t e n s i t i e s  estimated above at the  higher energies f o r  the  mult iple t r a v e r s a l  
case and correspondingly higher y i e lds  of IT'S, say, 20 - 40 higher. Such f ac to r s  may 
be introduced because the  meson f a c t o r i e s  a r e  being estimated at 500 pA these days 
ins tead  of 100 o r  50 BA, and by moving t o  forward angles  you w i l l  ga in  considerably i n  
the  energy spect ra  between 200 and 400 MeV. 
We believe t h a t  t he re  is s u f f i c i e n t  research po ten t i a l  connected with medium energy 
protons, neutrons, pions, muons and neutr ino physics t o  j u s t i f y  a n  experimental a rea  
of at l e a s t  60,000 square f ee t .  This is about two foo tba l l  f i e l d s  and represents  a 
la rge  commitment of space, time, and equipment a t  any accelera tor .  

COLE : My comment about t h i n  t a r g e t s  may have been poorly phrased; what I meant t o  
say w a s  only t h a t  t h i s  g ives  an  advantage i n  production f o r  the  higher energy accelerator .  
The 10  GeV acce le ra to r  a l s o  has a few s a f e t y  f a c t o r s  i n  in tens i ty!  

W 8 R  : Would you comment on the  ex t r ac t ion  e f  f icienoy of PFAG, espeoia l ly  on how 
ex t rao t ion  e f f i c i ency  is co r re l a t ed  t o  beam s tacking?  

COLE : A t  MURA we have ext rac ted  a beam from one of our acce le ra to r s  i n  a s ing le  turn;  
t he  e f f i c i ency  w a s  i n  t h i s  case l imi ted  by improper design of the de f l ec to r  magnet and 
was something l i k e  8 6  This could e a s i l y  be made 10% i n  our next acce lera tor ,  which 
we expect t o  have ready wi th in  a month or  so. This  is again single-turn extract ion.  
We have done a f a i r  amount of o r b i t  computing f o r  ex t r ac t ion  i n  10  t o  20 turns,  but 
only f o r  the  quest ion of using the  acce le ra to r  as an i n j e c t o r  fo r  some higher energy 
machine. Regarding ex t r ac t ion  over long periods of time, which would be the th ing  of 
most i n t e r e s t  f o r  experimental work, we have done very l i t t l e  work on this .  We have 
severa l  schemes but we have not  done the  amount of o r b i t  computation necessary, or  t r i e d  
anything experiment al. A s  f a r  as its r e l a t i o n  t o  beam stacking is concerned, I th ink  
the re  is probably very l i t t l e  t o  worry about. The spread i n  r ad ius  due t o  the spread i n  
energy of the stacked beam is not very l a rge  and I do not  think t h i s  would cause a 
p a r t i c u l a r  problem. The idea l  would be to  pick th ings  out of the  beam at  the same time 
as you a r e  adding t o  it, which is what we do with an in t e rna l  t a r g e t ,  but  we simply 
have done no work i n  t h a t  l i n e  yet. 

BLASER : Does t h i s  r e a l l y  mean t h a t  a stacked beam could be ext rac ted  with s imi l a r  
ex t r ao t ion  ef f i c i e n c i e s ?  

COLE : I do not  r e a l l y  know. 

RICHARDSON : I should j u s t  l i k e  t o  repeat  what I s a i d  i n  my paper, that a reasonable 
value f o r  the  long-term ex t rac t ion  eff iciency,  at l e a s t  on the present s i t u a t i o n ,  is 
somewhat between 30 and 507& 

OOLE : I should have t o  be oonvinced very firmly, t h a t  anything t h a t  oan be done i n  a 
oyclotron cannot be done i n  an  FFAG. I th ink  t h a t  i f  higher ex t r ac t ion  e f f i c i e n c i e s  
can be reached i n  cyclotrons,  we can a l s o  do them i n  WAG. 

RICHARDSON : I was ass igning the  same energy gain  per tu rn  t o  the  FM oyclotron and the  
WAG. When you ge t  t o  something l i k e  the Mc2 cyclotron where you have a l a r g e  increase 
i n  radius  per turn,  then I th ink  you a r e  b e t t e r  off. 

COW : A s  you may know, some work has been done by Temvilliger, repor ted  i n  the 1959 
CERN Symposium, which shows t h a t  we can increase  g r e a t l y  the  r a d i a l  spread by properly 
ohosen o r b i t  perturbation. So I th ink  t h a t  one can improve t h i s  s i t u a t i o n  very mch. 

LIVINGSTON : What would the  current  be i f  you were t o  d e f l e c t  10% of the  beam i n  the  
single-turn case t h a t  you mentioned fo r  t h i s  machine? 

COLE : It would be 30 BA. 
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