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For the  purpose of t h i s  discussion a meson fac to ry  w i l l  be defined as a proton 

accelera tor  i n  the  energy range 400 -800 MeV with a current  output some hundred times 

g r e a t e r  than the  present output of the  P'M cyalotrons i n  t h i s  energy range. The reasons 

f o r  t h i s  choice of energy range have been discussed extensivelyi )  and a r e  connected 

with the  prime object ive  of the  meson factory,  which is considered t o  be the  copious 

production of pions and nuone. The ac tua l  ohoice of energy within t h i s  range is 

dependent on a d e t a i l e d  examination of the  proposed experimental program i n  conjunction 

with the economics and performance charac te r i s t i c s  of the  proposed accelerator.  

Extraction of large  f rac t ions  of the  in te rna l  beam has been achieved on the 
1 elect ron models and a l s o  on t h i  88 inch cyclotron at  ~ e r l c e l e y ~  by resonance ex t rac t ion  

using a de l ibe ra te ly  introduced f i r s t  harmonio where vr = 1. The q u a l i t y  of these 

extracted beams, a t  l e a s t  as i n i t i a l l y  obtained, was not  pa r t i cu la r ly  good, but r ecen t ly  

a b e t t e r  qua l i ty  extracted beam has been obtained by making use of second-harmonic 
1 exc i ta t ion  of the  vr = 2 resonance on Analogue 1 1 ~  . Extraction e f f i c i e n c i e s  of 

75 - 80 percent have been achieved using an e l e c t r o s t a t i c  septum simulating a magnetic 

channel. 

The average f i e l d  of a SF cyclotron f o r  700 MeV r i s e s  by a factor  of 1.75 from 

the center  to  the  extract ion radius. Changing t h i s  r i s e  by a s ign i f i can t  f ac to r  t o  

vary the  energy of the  beam would require  l a rge  aux i l i a ry  c o i l s  whioh would g rea t ly  

increase the  expense of the  cyclotron and whioh would be d i f f i c u l t  t o  s h i e l d  from 
+ 

rad ia t ion  damage. For t h i s  reason energy var ia t ion  i n  the SF cyclotron with H ions 

w i l l  probably be l imi ted t o  2$ or  less. 

The ohoice of the  mean f i e l d  at the extraot ion radius  is an important point i n  

the design of the magnet f o r  a sector-focusing cyclotron. There a r e  a number of 

persuasive arguments whieh make the ehoice of the lowest possible value of the  mean 

f i e l d  the most des i rable  one. These a r e  : 

1 )  By lowering the mean f i e l d  the s c a l e  of the  magnet is incressed, thus increasing the 

s i z e  of the  septum o r  magnetic channel which w i l l  i n te rcep t  a given f r a c t i o n  of the  beam. 

In otherwords, the dis tance between successive turns i n  the  resonant ex t rac t ion  is 

increased. 

2) The problen of in jec t ing  ions at the center  of the eyelotron is s impl i f ied  by 

reducing the  magnetic f i e l d ;  the radius  at in jec t ion  is increased and the gain  i n  radius  

during the f i r s t  turn  is a l s o  increased. 

3) A l a r g e r  f l u t t e r  f ao to r  oan be obtained at  a smaller mean field.  This means t h a t  
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the maximum s p i r a l  angle can be reduced, which is a des i rab le  s i t u a t i o n  f o r  the use 

of resonant ext ract ion.  

A t  UCLA a s e r i e s  of paper designs were made of magnets f o r  the acce le ra t ion  of 

protons t o  700 MeV, based upon model-magnet data. The conclusion of t h i s  s tudy is tha t  

the  magnet cos t  is s u b s t a n t i a l l y  independent of the magnetic f i e l d  i n  the 10  - 20 kG 

range. Thus, the re  is no g rea t  economic reason t o  favour a high-field design, and the 

arguments mentioned above become decis ive  i n  favour of a low mean f ie ld .  

There a r e  a number of advantages which accrue from the c e n t r a l  in jec t ion  of the 

ions t o  be accelera ted  i n  the cyclotron. These include : 1 )  a reduction i n  the  i n i t i a l  

amplitude of radial o s c i l l a t i o n ;  2) some control  over the phase a t  i n j e c t i o n  and there- 

fore  a c e r t a i n  measure of control  over the microstructure time v a r i a t i o n  of the  beam. 

Associated with these points w i l l  be an  improvement i n  the q u a l i t y  of the beam at  the 

ex t rac t ion  radius  and, therefore,  a n  improvement i n  the f rac t ion  and q u a l i t y  of t h e  

ext racted beam. 

The H- Sector-Focusim Cyclotron 

Considerable experience has been gained i n  the last year i n  the acce le ra t ion  of 

H- ions i n  cyclotrons. Extension of t h i s  concept t o  the  energy appropr ia te  to  meson 
1 f a c t o r i e s  was a na tu ra l  development4 . A program a t  UCLA involving computing, model- 

magnet t e s t s  and RFmodel measurements has r esu l t ed  i n  a 700 MeV design having the 

following charac te r i s t i c s .  A maximum h i l l  f i e l d  of 5 kG and a mean o r b i t  radius  of 

34 f t  r equ i re  the use of 7000 tons of s t e e l ,  110 tons of copper and 3500 kW of power i n  

the  magnet. The des ign has been engineered t o  obta in  a pressure of 2 X 10" t o r r ,  at 

which there  w i l l  be a 1% l o s s  of beam due t o  gas scat ter ing.  The radio-frequency 

system employs two straight-edged dees with 100 kV dee t o  ground, giving 400 KeV energy 

gain  per turn. This requires  a d.c. power of 1000 kW plus 100 kW f o r  every 100 pA of 

beam. The negative ions a r e  in jec ted  at  500 KeV, where they have a radius  of curvature 

of 16 in. and the rad ius  of the next turn  is 21 in. H- beam as la rge  as 2 - 5 mA have 

been produced and accelera ted  by K. ~ h l e r s ' )  a t  Berkeley. 

Them a r e  a number of important advantages which a r e  possessed by the H- SF cyclo- 

tron. 

1. Flexible du ty  factor.  Under normal operation the macrostructure fac to r  is 10% 

and the microstructure fac to r  is 30 - 40 %, although at  m a x i m  energy the micro- 

s t r u c t u r e  fac to r  can be increased t o  80$ by the use of specia l  techniques associa ted  
1 with the s t r ipp ing  process4 . In the other  hand, f o r  the smaller  number of experiments 

using time-of-plight techniques, a sharp time s t r u c t u r e  can be produced from the 

500 MeV injector.  

2. High beam auali ty.  Experience with the  UCLA and LRL ayclotrons has shown a 

decrease i n  amplitude of the a x i a l  and r a d i a l  o s c i l l a t i o n s  as the rad ius  is increased. 

This r e s u l t  holds t r u e  provided unwanted resonances a r e  avoided. The same statements 
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apply t o  Analogue 11. Central i n j e c t i o n  of the ions should improve the q u a l i t y  of the 

i n i t i a l  beam, and s o  i t  seems j u s t i f i e d  t o  expect t h a t  careful  a t t e n t i o n  t o  the 

magnetic f i e l d  w i l l  r e s u l t  i n  a x i a l  and r a d i a l  amplitudes of 1/8 in. For the H- SF 

cyclotron t h i s  w i l l  r e s u l t  i n  an axial beam q u a l i t y  of 1 mm m a d  and a r a d i a l  q u a l i t y  

of 5 mm mad. An important advantage of the  negative ion cyclotron i s  t h a t  the high 

q u a l i t y  of the i n t e r n a l  beam can be e s s e n t i a l l y  preserved during ex t rac t ion  s ince  the 

negative ion beam can be s t r ipped  and brought out along the gradient  of the magnetic 

f ie ld .  In  the case of the conventional SF cyclotron, however, resonance ex t rac t ion  and 

the subsequent motion through the  f r ing ing  f i e l d  is bound t o  a f f e c t  the beam q u a l i t y  

adversely. Another p o s s i b i l i t y  f o r  ex t rac t ion  of the H- beam is t o  neu t ra l i ze  i t  by 

passing it through a very t h i n  f o i l  or  through a s t rong magnetic f i e ld .  In using the 

magnetic f i e l d  t o  d i s s o c i a t e  the H- ion one mst take  care  t o  provide a sharp s t rong 

bump which w i l l  ensure d i s soc ia t ion  before the  ion t r a j e c t o r y  has changed very much 

i n  direction.  Otherwise the beam q u a l i t y  would be adversely affected.  A bump f i e l d  

of 15 kG corresponds t o  a mean l i f e  f o r  d i s soc ia te  of 10"* S ;  t h i s  would be 

sa t is fac tory .  

3. Variable energy. By changing the rad ia l  pos i t ion  of the s t r i p p i n g  f o i l  i t  is 

poss ible  t o  vary the energy of the ext racted beam from 700 MeV down t o  about 200 NeV. 

4. Simultaneous beams. It is  possible to  e r e c t  a r a d i a l l y  t h i n  s t r i p p i n g  f o i l  

a t  a rad ius  corresponding t o  400 MeV (say)  which e x t r a c t s  a f r a c t i o n  of the beam at  

t h i s  energy while allowing the r e s t  of t h e  beam t o  continue and t o  be extracted at  

high energy. Or the  two beams could have very s i m i l a r  energy. Both beams could have 

a high duty fac to r ,  i n  con t rad i s t inc t ion  t o  the  s i t u a t i o n  when a switching magnet is 

used on a conventional external  beam. 

5. Low induced radioact iv i ty .  Since the gas-scattering beam l o s s  can be made 

neg l ig ib le  and s ince  the ex t rac t ion  process has an e f f i c i ency  of 10% the amount of 

beam l o s s  ins ide  the accelera tor  is  determined by the e l e c t r i c  (magnetic) d issocia t ion.  

By choosing a s u f f i c i e n t l y  low peak h i l l  f i e l d  the induced r a d i o a c t i v t i y  can be made 

a s  small as desired.  

The FhI Cyclotron with Sector-Focusing Fields 

Although i t  is l i k e l y  t h a t  the output of the conventional FM cyclotron can be 

mate r i a l ly  improved6) by r a i s i n g  the dee voltage and changing the  source geometry, it 

seems probable t h a t  a n  cyclotron which makes some use of the  sector-focusing 

p r inc ip le  would have severa l  marked advantages over the conventional machine. In the 

f i r s t  place the  nmgnetic f i e l d  can be t a i l o r e d  s o  t h a t  only a modest amount of 

frequency modulation need be employed. Thus, a higher r e p e t i t i o n  r a t e  and a higher 

capture e f f i c i ency  may be used and, i n  f ac t ,  the  whole frequency modulation problem can 

be reduced t o  one which may be handled by the use of f e r r i t e .  In  the  second place 

the ext ract ion of an  external  beam appears t o  be more successful  i n  t h e  presence of the 

sector-focusing magnetic f ie ld .  Resonance ex t rac t ion  at v, = 1 ( s p i l l  beam), 
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3/2, and 2 can be used t o  obta in  an external  beam, and there  s e e m  to  be no reason 

why t h i s  technique should not  a l s o  be appl icable  i n  the  p e s e n c e  of frequenay 

modulation, a1 though because of the lower energy gain  per turn,  the  f rac t ion  of 

in te rna l  beam brought in to  a magnetio channel would probably be smaller than without 

frequency modulation. 

The remarks concerning t h e  d e s i r a b i l i t y  of a low mean magnetic f i e l d  a r e  a l s o  

applicable t o  the FM/SF cyclotron. Let us consider a design where the mean magnetic 

f i e l d  r i s e s  from 5.7 kG t o  9 kG, and thus requires  1% frequency modulation. The 

curve of ion frequency versus time i n  Fig. 1 corresponds t o  a mean energy gain  of 

100 KeV per turn. It is worth pointing out t h a t  t h i s  same magnet and RF system could 

be used f o r  the  accelera t ion of deuterons t o  4.40 MeV and alpha p a r t i c l e s  t o  880 MeV 

without any change i n  the magnetic f ie ld .  The betatron v e r t i c a l  and r a d i a l  o s c i l l a t i o n  

frequencies v and v a r e  dependent s o l e l y  on the  shape of the magnetic f i e l d ;  thus, i f  
Z r 

the f i e l d  is v e r t i c a l l y  focusing and produces the appropriate resonanae at v = 2 fo r  r 
ex t rac t ion  fo r  700 MeV protons, i t  w i l l  do the same for  660 &V deuterons and 880 MeV 

alpha par t ic les .  The isochronism condit ion is  not s a t i s f i e d ,  of course, and the  

required frequency modulation curve is shown i n  Fig. 1 for  the same dee voltage as i n  

the proton case. 

The BRAG Rimz  Accelerator 

Several papers discussing IFAG accelera tors  a r e  being given at  t h i s  conference, 

including one d i r e c t l y  addressed t o  t h e i r  appl icat ion as meson factor ies .  The average 

beam current t o  be expected can be calcula ted from the space charge l i m i t ,  the angular- 

and energy-acceptance of the in jected beam, and the  r e p e t i t i o n  r a t e  a t t a inab le  from the 

RB system. A time average c i rcu la t ing  beam of 100 4 should be qu i te  a t ta inable .  

There a r e  at l e a s t  two methods of 

ex t rac t ion  which can be considered. 

Single-turn extract ion has been demonstrat- 

ed and an eff ic iency of some 8% is a 

reasonable expectation f o r  t h i s  method. 

However, the duty fac to r  i n  t h i s  case 

would be very poor, consis t ing of a pulse 

100 ns  long every 1 0  ms. Continuous 

ex t rac t ion  of the c i r c u l a t i n g  beam has 

not been demonstrated, but i t  seems 

reasonable t o  suppose t h a t  e f f i c ienc ies  

of 30 - 5% can be achieved. The use of 

an i n t e r n a l  t a rge t  f o r  meson production 

can be invisaged, both f o r  negative pions 

0 200 400 600 Boo (obviously) and fo r  pos i t ive  pions which 

Fig. 1 fioplen~y-t im curve. t o r  WSF oyolotron. can leave the machine along the  val leys  

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

Geneva, April 23-26, 1963 CYC63G01



Session V 1 1  

where the magnetic f i e l d  is c lose  t o  zero and with production angles down t o  20' from 

the forward di rec t ion.  By nstacking" the beam at the f i n a l  energy a microstructure 

duty f a c t o r  of 10% and a macrostructure fac to r  of 5% can be achieved fo r  an in te rna l  

t a r g e t  which is moved slowly i n t o  the stacked beam. Unfortunately the r e s u l t i n g  radio- 

a c t i v i t y  induced i n  the  acce le ra to r  when the beam is stopped i n  an  i n t e r n a l  t a rge t  is 

a very se r ious  problem, s o  serious,  i n  f ac t ,  t h a t  one is  re luc tan t  t o  adopt t h i s  

method of operation. 

The PFAG r ing requ i res  a 20 MeV l i n e a r  acce le ra to r  as an i n j e c t o r ;  however, i t  
should be pointed out t h a t  i t  can a l s o  be used fo r  the acce le ra t ion  of heavy ions. 

A Hilac-type i n j e c t o r  would serve the dual  purpose. 

The AG Synchrotron 

Although an AG9 i n  the  energy range considered here would be a useful  and 

v e r s a t i l e  accelera tor ,  i t  appears unl ikely  t h a t  one can guarantee at the present time 

output currents  l a rge  enough t o  qua l i fy  it as a meson factory. 

The Separated Orbit Cyclotron 
1 The "Beehive" o r  separated-orbit  cyclotron has been proposed by F.M.   us sell' . 

This acce le ra to r  would have an important advantage over the aonventional l i n a c  as f a r  

a s  duty fac tor  is concerned and would have equal a c c e s s i b i l i t y  t o  the beam. It is 

claimed t h a t  the c a p i t a l  investment fo r  a given energy would be l e s s  than for a 

conventional linac. 

Duty Factors 

The time vdr ia t ion  of t h e  accelera ted  beam is a very important a t t r i b u t e  of an 

accelerator.  An i l l u s t r a t i o n  of t h i s  is provided by the h i s t o r y  of experimentation 

with FN cyclotrons. A s  o r i g i n a l l y  designed these machines had a long time va r ia t ion  

(macrostructure) of some 0.1 m6 beam on followed by some 20 ms beam off. A s  the r e s u l t  

of e f f o r t s  at Berkeley, CERN, and Columbia making use of subsidiary  accelera t ing 

e lec  trodes and moving t a rge t s ,  the macrostruc t u r e  has been improved s o  t h a t  the external  

beam is now on some 50 - 8% of the time. This improvement has r esu l t ed  i n  a very large  

increase  i n  the number and types of experiments which can be performed with the present 

accelera tors .  The shor t  time va r ia t ion  of the external  beam (microstructure) st i l l  

r e f l e c t s  the RF s t r u c t u r e  i n  a duty f a c t o r  of 10 - 15%; however, s tacking can produce 

qu i t e  a smooth microstructure on the in te rna l  beam only. 

The f a c t  t h a t  the  improved macrostructure recen t ly  obtained on FM cyclotrons has 

resu l t ed  i n  such a large  improvement i n  experiment capab i l i ty  is connected with the  

f a c t  t h a t  the  vas t  majori ty of experiments i n  t h i e  energy region employ counting 

techniques, or  more recent ly  counter-controlled spark chambers. For the bes t  

exp lo i t a t ion  of these experimental techniques a good duty  fac to r  is essent ia l .  

For nuclear emulsions and d i f f u s i o n  cloud chambers the  time s t r u c t u r e  of the  

beam is of no aonsequence, but the r e l a t i v e  importance of these techniques has 

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

CYC63G01 Geneva, April 23-26, 1963



diminished i n  recent  years. Bubble 
5 n r s  I chambers have a s e n s i t i v e  time of 1 - 2 ms 

L 0 0 7 ~  Lime t 4 i c m h u d w  and nust  be re-cycled with the beam turned 

d 
=m- 

, , nocro.ku~tvn off.  The micros t ruc tu re  of the beam * -CI 
4 rtas puln. within  the 2 ms is  of no consequence. It 

I 36 ~ H C  l 
I nicro&-hrr 

seems c l e a r  t h a t  any of t h e  accelera tors  
n* sr cvcloh-on dik CHosmUNchrr.CW~ envisaged as meson f a c t o r i e s  could provide 

the des i red  macrostructure with ease. It 

should be born i n  mind, however, tha t  the 
Fig. 2 Time structure for three of the possible types of 

meson factories. contr ibut ions  of the  bubble chamber technique 

i n  meson physics have been r e l a t i v e l y  modest 

compared with the contr ibut ions  i n  strange p a r t i e l e  physics. It seems l i k e l y  t h a t  t h i s  

s i t u a t i o n  w i l l  not undergo any rad ica l  change. 

To avoid vague g e n e r a l i t i e s  l e t  us examine a typical  n-fold coincidence experiment 

from a simple-minded point of view, where we a r e  i n t e r e s t e d  only i n  order-of-magnitude 

calculat ions.  Let N I ,  N,...N be the  individual  counting r a t e s  i n  each of the  n counters n 
due e i t h e r  t o  bona f i d e  p a r t i c l e s  from the t a r g e t  during the beam pulse of length p o r  

o ther  counts indis t inguishable  from them on a time basis. For beam pulses of uniform 

s i z e  repeated v times per second, the number of f a l s e  double coincidences per second 

would be 

Nf2 
= = ( I )  , 

v P 

where a ( I )  = 1, f o r  r > p 
P 

The number of f a l s e  n-fold coincidences would be 

where r is t h e  resolving time of the  coincidence c i rcu i t .  

Fig. 2 shows the  time s t r u c t u r e  of three of t h e  possible types of meson factor ies .  

The microstructure of the l i n e a r  accelerator ' )  cons i s t s  of 4 X 10' pulses each of 0.07 ns 

length  and separated by 5 ns, making up the macrostructure of 2 ms repeated every 40 ms. 

The microstructure of the H+ sector-focusing cyclotron would cons i s t  of a 4 ns pulse 
repeated every 60 M. The microstruture of the H- cyclotron would cons i s t  of a 32 ns 

pulse repeated every 80 ns. The microstruture of both types of cyclotrons could probably 

be lengthened fu r the r  by spec ia l  e f fo r t .  The macrostructure of both cyclotrons is CW. 

Consider an  experiment i n  which we a r e  looking f o r  a t rue  event with a probabi l i ty  

of one i n  3 X 10" and making use of a four-fold coincidence c i r c u i t  with a resolving 
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time of 4 ns. The l imi t ing  s i n g l e  counting r a t e s  for  which the t r u e  and f a l s e  

coincidenoes a r e  equal, according t o  the above r e l a t i o n ,  a r e  shown i n  Table I. 

Table I 

The l imi t ing  counting r a t e  for the  l i n e a r  acce le ra to r  could not be improved 

unless  a coincidence resolving time of b e t t e r  than 0.07 ns were achieved. Because of 

the d i f f i c u l t i e s  pointed out  below, such resolving times a r e  d i f f i c u l t  t o  employ i n  

most experiments. The last column of Table I shows the time required t o  complete a 

measurement involving 1000 t r u e  coincidences. 

In the foregoing discuss ion we have been concerned only with those counts which 

a r e  completely indis t inguishable  on a time bas i s  from those which a r e  des i rede  We 

turn now t o  the  more usual ana lys i s  which includes accidenta ls  from background and 

consider the s i t u a t i o n  f o r  d i f f e r e n t  values of T. 

I f  resolving times of the order of 10'~ - 10" s a r e  used, the microstructure 

of the beam is not important and we a r e  concerned only with the macrostructure of the 

beam which we w i l l  descr ibe  as F pulses of length P per second. We then obtain fo r  

the number of n-fold accidenta l  coincidences per second 

Linear Accelerator 
+ 

H Cyclotron 

H- ~ y c l o  tron 

N N ... N 
E 

1 a n ~ n - r  
Nan p-l . 

s i n  l e s  p - i  

~ h u s  the r a t i o  of accidEntals n-I 
Na..eNn T 

where we have defined the duty fac to r  D = FP. Thus f o r  n-fold coincidence the r a t i o  
n- 1 

of s igna l  t o  noise is proportional  t o  D This is a very compelling argument t o  make 

the  duty  fac tor  as near t o  1.0 as poss ible  and i n  favour of cyclotrons over other types 

of accelerators.  

A s  the resolving time of t h e  coincidence is decreased, the microstructure of the 

beam becomes important. For T = 5 X 10-'" S, for  example, the H+ SFC presents  a duty 

fac tor  of 0.07, the  H- SFC has a duty fac to r  of 0.4, while the l i n a c  has an  e f f e c t i v e  

duty fac to r  of 0.005. The l a t t e r  value a r i s e s  from the  f a c t  t h a t  the e f f e c t i v e  

resolving time for  the l inace  becomes the time between pulses, which is  5 ns. The 

precise  e f f e c t i v e  value w i l l  vary from one experiment t o  another, depending upon the 

Time required for  a + 5% measure- 

ment ( T  = 0.4 n s )  

28 hours 

1.9 hours 

17 minutes 

Limiting counting r a t e s  

~ = 4 n e  

6 X 104/s 

9 X lo4/s 

6 X 105/s 

T = 0.4 ns 

6 X lo4/s 

9 X lo5/s 

6 X 106/s 
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r 't = S r lo-10 sec 

Fig. 3 Effeotive duty faotor for external beam. 

Fig. G Availability of be- 

time history of the wanted and unwanted pulses and whether a time selection of the 

sensitivity of the counters can make a useful disorimination between the two types. 

Factors which limit the resolving time include : a) transit time through the ounters; 

b) spread in velooity of the particles; and c) any deoay processes whioh occur. 

A more detailed analysis of this problem is desirable but it is already clear that 

the time structure of the beam is perhaps the most important criterion in the choioe of 

a meson factory. On this basis the order of rank is as shwon in Fig. 3. 

Availability of the Beam 

Here we are concerned with how easily the beam can be made available for research. 

There has been considerable disoussion of the use of internal beams in the PFAG 

acceleraotr and cyclotron and, in fact, a great deal of the research on pions has been 

done with internal targets in the FM cyclotrons. However, partly because of the problem 

of induced radioaotivity, it seems desirable when considering the capabilities of 

accelerators as meson factories to place considerable weight on the availability of the 

beam. 

The separated-orbit cyclotron shares with the conventional linear accelerator 

the attribute of having complete availabitlity of the beam; we will give it For 

the other accelerators we will obtain a qualitative estimate of availability by 

mltiplying the percentage of beam to be extracted by a factor inversely representing 

the amount of design effort and development neeessary (to the speaker's present know- 

ledge) for successful extraction. The results are shown in Fig. 4. 

Variable Energy 

Many experiments to be done with the meson factory require the full energy bemu. 

However there are also many experiments which would benefit from a clean beam of lower 

energy. The produotion of a high intensity beam of low-energy pions, for example, 

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

Geneva, April 23-26, 1963 CYC63G01



Session V 1 1  

would be optimized i f  a primary beam of 500 MeV protons were used. That is, the  

production per u n i t  pion energy in t e rva l  is optimized fo r  low-energy pions a t  t he  

lower proton energy. Similarly,  for  experiments oonoerned with the proper t ies  of the  

nucleus a va r i ab le  energy is a very des i r ab le  feature. Most of the  bio-medioal 

research envisaged at the present time ean be done best  with primary protons of 

500 MeV or  below. This inoludes the production of 50 MeV negative pions for  bio- 

medical i r radia t ion .  

Of the c i r c u l a r  acce lera tors ,  the H'- oyclotron is the  only one whioh has the 

variable energy fea ture  without d i f f i o u l t  oomplications i n  design. 

Simultaneous Beams 

Since a meson fac to ry  represents  a considerable c a p i t a l  investment i t  is des i rable  

t o  maximize the potent ia l  research output of the  machine. This is usual ly  done by 

employing a switching magnet on the external  beam. Unfortunately t h i s  ru ins  the duty 

fac tor  of the  accelera tor  ( i f  it is not already bad). The ideal  s i t u a t i o n  would be obtained 

with two t r u l y  simultaneous beams of s i m i l a r  o r  d i f f e r i n g  energies, eaoh with a high 

duty factor. The only accelera tor  e i t h e r  c i r c u l a r  or  l i n e a r  which oan s a t i s f y  t h i s  

requirement is the H- cyclotron. 

Inducted Radioactivi ty i n  the Accelerator 

The 184 inoh FM oyclotron a t  Berkeley operates with an in t e rna l  proton beam up 

t o  2 pA. Pract ioa l ly  a l l  of t h i s  beam i a  l o s t  inside the  machine. Although the induced 

a c t i v i t y  under these conditions is a ser ious  r e s t r i c t i o n  on handling and servicing it  

could probably be increased by a fac tor  of two without requir ing remote handling and 

serv ic ing  techniques. Measurements have been made by ORNL a t  Berkeley and by the CERN 

group on the  nature of the induoed ac t iv i ty .  The objec t ive  here is t o  determine struo- 

tural mater ia ls  which w i l l  minimize the induced aot iv i ty .  The ef fec t iveness  of t h i s  

approach is s t i l l  under d iscuss ion  but it s e e m  reasonable t o  assume tha t  5 pA 

equivalent i n  the 184 in. machine is  a hazy l i n e  a t  which remote handling and serv ic ing  

teohniques would be necessary, or  at l e a s t  very desirable.  Aocepting t h i s  l i m i t  we 

a r r i v e  a t  t he  maximm values i n  Table 11, indica t ing  the  maximum external  beam which can 

be handled without the  use of remote handling and servicing equipment. 

Table I1 

Orbit diameter (assumed) 

30 f t  

68 f t  

68 f t  

30 f t  

60 f t  
- 
- 

H+ SF cyclotron 

H- SF oyclotron 

W S F  cyclotron 

FFAG r i n g  

80 oyclotron 

Linao 

Limit on External Beam (Radioactivi ty)  

40 M 
200 pA (700 MeV) 

600 pA (650 MeV) 

7 U 
14 a 

i n d e f i n i t e  

inde f in i t e  
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Development and Re1 i a b i l i  t y  

It is very d i f f i c u l t  t o  make a quan t i t a t ive  est imate of how r e l i a b l e  an 

acce le ra to r  w i l l  be, or  how nuoh development e f f o r t  w i l l  be required t o  make it  

re l iable .  The SO eyclotron and the  l i n e a r  acce le ra to r  s u f f e r  from being made up of 

a l a rge  number of small components whioh r equ i re  a l a r g e r  development e f f o r t  t o  make 

them as r e l i a b l e  as the l a rge  s i n g l e  elements of a cyclotron. The record of the  

ayqlotrons being brought i n t o  operat ion on time and with r e l i a b i l i t y  has been par t icular -  

l y  impressive i n  recent  years. The two main sources of t rouble r equ i r ing  development 

have been the  FM system and the ex t r ac t ion  system. Since the H- SF cyclotron w i l l  have 

ne i the r  problem it should probably be put a t  the head of the  list : 1 )  H- SF cyclotron, 

2) H+ SF eyclotron, 3 )  W S F  cyclotron, 4) FFAG r ing ,  5 )  Linear accelera tor ,  and 

6 )  SO cyclotron, 

There a r e  some problems i n  the development of a l i n e a r  acce le ra to r  f o r  700 MeV 

whose magnitude a r e  unknown at the  present time but which may be serious. The 

SO cyclotron r equ i re s  a g r e a t  d e a l  of development. 

Cost - 
The cos t  of an acce le ra to r  is hard t o  estimate, Dif ferent  est imates a r e  made on 

d i f f e r e n t  bases andthis  makes the  comparison 

very d i f f i c u l t ,  The est imates shown i n  

Fig. 5 r e f e r  t o  the  acce le ra to r  alone and 

do not  include f a c i l i t i e s ,  s i t e ,  buildings, 
1 6  

shielding,  experimental f a c i l i t e s ,  etc. 

These est imates r e f l e c t  consultation and 

d iscuss ion  with W. Brobeck but they a r e  the 
42 r e spons ib i l i t y  of the  author, with the  

exception of the  two H- SF cyclotrons which 

were estimated d i r e c t l y  by Brobeck. 

8 Conclusion 

An attempt has been made t o  compare the 

various c i r c u l a r  machines as meson fac to r i e s  

4 and t o  include a comparison with the  l i n e a r  

acce le ra to r  where appropriate. It is 

be1 ieved tha t  the  most important c r i t e r i a  

0 have been evaluated. However there  is one 

addi t ional  c r i t e r i o n  whioh may be important, 

depending upon the  pa r t i cu la r  labora tory  
r 9 involved, and t h a t  is the  quest ion of s i t e  

select ion.  Since the  experimental f a c i l i t i e s  

+ a r e a  should be about 60,000 square f e e t ,  the  

d i f ference  i n  the  a r e a  taken up by any of 
Fig. 5 Construction coate (accelerator only). 
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the c i r c u l a r  machines is unimportant. m e n  it  comes t o  the  conventional l i n e a r  

accelera tor ,  however, the  t o t a l  length of the s t ruc tu re  is over O,4 mile; t h i s  may 

produce d i f f i c u l t i e s  i n  f inding a s i t e  convenient t o  the  other  f a c i l i t i e s  of the  

laboratory or university. 
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D ISCUSS ION 

HUGHES : I had j u s t  l i k e  t o  r e i t e r a t e  my e a r l i e r  comments on the duty fac to r  question; 
the microstructure is la rge ly  wiped out i n  most meson experiments. 

TENG : In  connection with Hughesl remark I think t h a t  he a l s o  pointed out tha t  the  
microstructure f o r  any acce le ra to r  with phase s t a b i l i t y  can be e s s e n t i a l l y  washed out 
by aceelera t ing during the last par t  on the unstable or  defocusing R I  phase. It might 
take some doing, but t h i s  can be done. 

BLOSSER : I w a s  a l i t t l e  surpr ised at  your remarks on the r e l a t i v e  schedules of 
cyclotrons and linaos. I w a s  under the impression tha t  the various in jec to rs  f o r  
synchrotrons had usual ly  s t a r t e d  up ra the r  e f f e c t i v e l y  and promptly. 

RICHARDSON : We do not have here a case of copying a l ready developed l inacs ;  t h i s  is 
something which has not been b u i l t  before. When you compare the f i r s t  l inacs  of any 
par t i cu la r  model and the f i r s t  cyclotrons of any par t i cu la r  model, the  cyclotrons win 
hands down as f a r  a s  the  schedules a r e  concerned. 
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