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Abstract 

The p o s s i b i l i t y  of i n j e c t i n g  t h e  Synchro- 
Cyclotron e x t r a c t e d  proton beam i n t o  a s t r o n g  
focuss ing  r i n g  c a l l e d  CYBEST, i s  inves t iga ted .  
It i s  seen  t h a t  pion beams produced i n  i n t e r n a l  
t a r g e t s  of such a  device show some advantages 
with r e s p e c t  t o  p resen t  Synchro-Cyclotron beams, 
More d e t a i l e d  s t u d i e s  a r e  needed however f o r  
f i n a l  judgement. CYBEST i s  r e a l i z a b l e  i f  a suf- 
f i c i e n t l y  fast e x t r a c t i o n  from t h e  Synchro- 
Cyclotron could be  obtained,  The magnetic s t ruc-  
t u r e  i s  simple b u t  occupies  a  l a r g e  a r e a  and t h e  
r e q u i r e d  a p e r t u r e  i s  a l s o  r e l a t i v e l y  large.  

General Remarks 

The product ion of secondar ies  i n  a  Synchro- 
Cyclotron from a n  i n t e r n a l  t a r g e t  s u f f e r s  from 
a number of  i n t r i n s i c  l i m i t a t i o n s ,  such a s :  

a )  bad o p t i c a l  p r o p e r t i e s  of secondary 
beams, which have t o  t r a v e r s e  i n t e n s e  and 
v a r i a b l e  magnetic f i e l d s ;  

b )  f i x e d  momenta of  outgoing beams f o r  a  
given t a r g e t  p o s i t i o n  and beam path; 

c )  p o s i t i v e  pions produced i n  forward 
d i r e c t i o n s  b e n t  and l o s t  toward t h e  i n s i d e  of  
t h e  SC; 

d )  r e l a t i v e l y  poor t a r g e t  e f f i c i e n c y  due 
t o  t h e  small  focuss ing  f o r c e s ;  

e )  e f f e c t i v e  duty cyc le  i n  genera l  con- 
s i d e r a b l y  lower than unity. 

On t h e  o t h e r  hand t h e  u t i l i z a t i o n  of a n  
e x t e r n a l  t a r g e t  i n  t h e  e x t r a c t e d  proton beam, 
t o g e t h e r  viith t h e  advantages of  being i n  a  f i e l d  
f r e e  region,  h a s  s e r i o u s  disadvantages especial ly  
f o r  t h e  y i e l d  of  nega t ive  pions and t h e  thick-  
ness  of t h e  t a r g e t  i t s e l f  ( long source, e l e c t r o n  
contamination a t  lovi energy). 

In order  t o  improve t h e  performance of t h e  
SC a s  a  physics  t o o l ,  it has t h e r e f o r e  been 
propcsed (C. ~ u b b i a )  t o  s tudy  t h e  p o s s i b i l i t y  
of i n j e c t i n g  t h e  e x t r a c t e d  pro ton  beam i n t o  a  
s t r o n g  focussing r i n g  a c t i n g  as a beam s t r e t c h e r ,  
with t a r g e t s  placed,  l i k e  i n  a n  AGS, i n  f i e l d  
f r e e  regions. One would have then t h e  advan- 
t a g e s  of n u l t i t r a v e r s a l s  ( l i k e  f o r  SC i n t e r n a l  
t a r g e t s )  and of good o p t i c s  f o r  p a r t i c l e s  of  
e i t h e r  sign. 

In a d d i t i o n ,  t h e  strone; focuss ing  prop- 
e r t i e s  of  t h e  r i n g  would l e a d  t o  h igher  t a r g e t  
e f f i c i e n c i e s  which would compensate t h e  l o s s  
of 2 a r t i c l e s  due t o  t h e  e x t r a c t i o n ,  x h i l e  t h e  
e f f e c t i v e  duty cyc le  viould be, a t  l e a s t  theore t -  
i c a l l y ,  c l o s e  t o  u n i t y  due t o  t h e  n a t u r a l  de- 
bunching of  t h e  beam. 

F i n a l l y ,  with such a  device,  s e c o n h r i e s  
of  e i t h e r  s i g n  and of  any produced nornentlm 
vrould be  0,vailable along any given beam path. 
In genera l ,  t h e r e f o r e ,  one could hope t o  ob ta in ,  
under c e r t a i n  asswnptions, b e t t e r  and more 
i n t e n s e  pion b e m s  than  with a  SC. 

The paper reviews t h e  ccinditions ~ ~ q d e r  
vihich t h e  i n s t r m e n t  would ba f e a s i b l e  and 
t r i e s  t o  eva lua te  i t s  poss ib le  advantages. It 
i s  shovm t h a t  t h e  l a t t e r  depend on t h e  va lues  
of c e r t a i n  parameters no t  a l l  of v?h.ihich a r e  
e x a c t l y  Emoxn to-date. Prel iminary conclusions 
a r e  however drawn on t h e  b a s i s  of  t h e  b e s t  d a t a  
ava i lab le .  Poss lb le  m a ~ n e t i c  s t r u c t u r e s  a r e  
a l s o  s tud ied ,  merely t o  g e t  a n  i d e a  of  t h c  over- 
a l l  s j ze .  

For b r e v i t y  i n  what fo1loi.s t h e  s t rong  
focuss ing  r i n g  i s  c a l l e d  CYBCST ( ~ ~ c l o t r o n  
BEam ~ T r e t c h e r  ). 

One can n o t e  t h a t  t h e  use of  a  s t rong  
focuss ing  beam s t r e t c h e r  may be  o f  some i n t e r e s t  
i n  connection with o ther  a c c e l e r c t o r s  (e.g. 
Linacs)  i n  view of i t s  advantages with regard  
t o  duty cyc le  and ta rge t inc .  

1. F e a s i b i l i t y  and Perfomance ol" CMSST 

The f e a s i b i l i t y  of CYi3RST dc:,elids zssen- 
t i a l l y  upon t h e  achievement of  t h e  i 'as tcst  
p o s s i b l e  e x t r a c t i o n  from t h e  SC. 11ic requ i red  
speed i s  f a r  from being obtained a t  p resen t  i n  
synchro-cyclotrons, b u t  a  c e r t a i n  development 
work i s  progress ing  on a  new e x t r a c t i o n  scheme 
which shows sone p o s s i b i l i t i e s  ol" approaching 
it, a s  w i l l  b e  seen l a t e r  on, 

It i s  t h e r e f o r e  j u s t i f i e d  t o  t r y  t o  eva lua te  
t h e  p o s s i b l e  performance of t i e  i n s t r ~ m e n t ,  on 
t h e  assumption t h a t  t h e  requ i red  f e a t u r e  f o r  
e x t r a c t i o n  could be obtained. 

The mer i t  of CYBEST with r e s p e c t  t o  any 
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given SC v a r i e s  with tlie s i g n  and energy of t h e  
secondaries  considered. I n  t h e  case of t h e  Cm 
SC, one can ci is t inguish the  fol lonini ;  cases : 

l )  negat ive pions, 

2 )  pos i t i ve  pions of low enerey (e.g. l e s s  
than  - luO I , I ~ v ) ,  

3) pos i t i ve  pions of hi{:h energy (e.g. more 
than  - 100 M ~ v ) .  

1.1 Itlegative Pions 

Die h ighes t  y i e l d  of ncgative pions i s  
obtained i n  t h e  SC i'rom i n t e r n a l  t a rge ts .  It i s  
theref'ore appropr ia te  t o  compare poss ib le  beams 
of negat ive pions from i n t e r n a l  t a r g e t s  i n  t he  
SC and i n  CYDAST. 

The perfor~aance of CYBX~T depends on many 
poin ts  : 

1 )  e j e c t i o n  from the  YC, 

2) i n j e c t i o n  i n t o  CYIZiSST, 

5 )  t a r g e t  e f f i c i e n c i e s  i n  t h s  te.0 devices, 

4)  acceptance and i n  genera l  o ~ t i c a l  prop- 
e r t i e s  of secondary beams, 

5)  duty cycle. 

From tne  po in t  of view 01' t o t a l  numbers of 
secondaries  produced i n  zhc t a r g e t ,  CYBICST i s  
convenient i f  : " j2  Fi2 > F. 11' (1 )  

rihere q1 = ex t r ac t i on  e f f i c i ency  from SC 

= i n j e c t i o n  effriciency i n t o  CYBEST 

Fil= t a r g e t  e f f i c i ency  i n  SC 

F. = t a r g e t  efficiency i n  CYBEST 
12 

To g e t  however t h e  pion y i e l e  accepted by 
a seconchry bean one has t o  introduce a l s o  an 
opLica:L acceptance A dilrifierent f o r  t h e  two cases: 

n1 772 Pi2 A2 > Fil 5 (2)  

These var ious  parame.ters can be assessed  a s  
f  olloms. 

1.1.1 Extrac t ion  I*:Sficiency n1 

With t he  presen t  ex t r cc t i on  schemes (Le 
~ o u t e u r ) ,  CYBEST i s  ha rd ly  conceivable, mainly 
because of the  too  slow and i n e f f i c i e n t  extrac-  
t ion .  Typical f i g u r e s  a r e  : 

Fx t r ac t i on  time - - 200 @sec  

Ext rac t ion  e f f i c i ency  - - 0.05 

Such a l o n ~  ex t r ac t i on  time makes t h e  in- 
j ec t ion  i n t o  CTfB!CST prac t ica i l j r  impossible. 

A c e r t a i n  worfi i s  going on however on a new 
ex t r ac t i on  scheme , based on n k icker  c o i l  
follopied 514 X dovVnstrem by an i r o n l e s s  magnetic 
channel. One sees t he  p o s s i b i l i t y  of' obtaining : 

Extrac t ion  time - - 0.30 pseC 

Ext rac t ion  e f f i c i ency  - - 0.40. 

J i i th  such a f a s t  ex t r ac t i on  t he  i n j ec t i on  
i n t o  CYBEST b~comes  poss ib le  i n  onc turn. Any 
slower ex t r ac t i on  time would r e c u i r e  mult i - turn 
in jec t ion .  

1.1.2 I n j ec t i on  Ef f ic iency  g2 

The requirements of such single- turn in-  
j ec t ion  i n t o  CYBEST a r e  t h e  fol1ov;ing : 

Revolution time CYBEST = O.j0 psec = - 5 X 

Revolution time SC 

Circumference CYBEST = - 5 X Circumference SC 

Kicker pulse length  = 0.30 pcec 

Kicker switching-off time <- 0.030 psec 

Kicker r e p e t i t i o n  r a t e  = 54 c/s 

It seems poss ib le  t o  r e a l i z e  such a system, 
a s  mentioned i n  3.1. q2  would then  be c lo se  
t o  9@. 

A two o r  t h r ee  t u r n  in jec t io r?  i s  a l s o  
possible ,  bu t  i n  such a case ?l2 would be  smaller  
and t h e  t e chn i ca l  problem more complicated. 

1.1.3 Target E f f i c i enc i e s  F;, and Fi2 

Target e f f i c i e n c i e s  i n  s t rong  focussing 
~nachines have been s t ud i ed  by various authors ,  
i n  p a r t i c u l a r  by H.G. I-Iereward and a l .  *, who 
have prepared a computer progremme known t o  
give r e s u l t s  i n  good agreement with experience 
f o r  t h e  case of Cm PS. We have adapted t h e  
programme t o  CYBEST and ca r r i ed  out  s t ud i e s  on 
Beryllium t a r g e t s  o f  var ious  forms from which we 
can conclude t h a t  a  Fip 0.20 can be expected. 

For t h e  SC, ex tcns ive  computations a s  f o r  
s t rong focussing machines d id  n o t  e x i s t  f o r  our 
energy. A r epo r t  by N. Barbier  and al.3 in-  
d i ca t e s  f o r  a  Beryllium t a r g e t  a  Fil = 0.07 
i n  t h e  CEW SC. I n  order  t o  be consistent with 
t h e  procedure adopted f o r  CYBEST, vie have 
adapted t h e  computer programme above t o  t he  SC. 
By t h i s  we obta in  a Fil = 0.03 ( s t ochas t i c  
opera t ion) ,  which we r e t a i n  f o r  t h e  comparison. 
It must be noted t h a t  i n  ( 2 )  what counts i s  the  
r a t i o  of Fi2 ahd Fi , which s tands  a  higher  
chance t o  be co r r ec i  than t h e  two values taken 
separately.  

1.1.4 Acceptance and Opt ica l  P rope r t i e s  

The acceptance and i n  genera l  t he  o p t i c a l  
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p rope r t i e s  of secondary beams from i n t e r n a l  t a r -  
ge t s  i n  t h e  SC and i n  CYBEST a r e  obviously 
d i f f e r en t ,  CYBEST i s  genera l ly  more favourable 
s ince  : 

a )  t h e  f i r s t  focussing element can bc put 
c l o s e r  t o  the t a r g e t ;  

b ) s ign  and inoment1.m of eecondaries can be 
s e l ec t ed  a lone  a given beam path by a c t i n g  only 
on t h e  elements of t h e  beam i t s e l f ;  

c )  t h e  t a r g e t  being essent5.ally i n  a f i e l d  
f r e e  region,  chromatic and non-linear aberra-  
t i o n s  a r e  considerably reuuced; 

d )  t h e r e  i s  no lower limit i n  t h e  energy 
of secondaries  which can be obtained. 

To express  t h i s  quan t i t a t i ve ly  a number of 
s p e c i f i c  cases  should be t r e a t e d  i n  g r ea t  
d e t a i l s .  For t he  mcment me have compared soEe 
presen t  SC beams with reasonable CnEST beams. 
Gains of CYBEST !S. SC f o r  o p t i c s  range from 
1.7 t o  2.5 f o r  n energies  Train 85 t o  250 Iv!eV. 

1.1.5 Duty Cycle - 
ilany experiments i n  wllich t he  background 

i s  produced by  the  acce l e r a to r  and which r e l y  
on coincidence measure~nents a r e  s e r i ous ly  
a f f e c t e d  by the  duty cycle of the  p a r t i c l e  f lux.  

Background from acc iden t a l  events  normally 
depends on t h e  r a t i o  of t he  reso lv ine  time T of 
t h e  equipment t o  the  duty cyc le  D. h ga in  i n  
T / D  t h e r e fo r e  represen ts  a ga in  i n  s i gna l  t o  
no ise  r a t i o  which i n  c e r t a i n  r e spec t s  i s  equi- 
va l en t  t o  an  increase  i n  e f f e c t i v e  bean. 

I n  our case ,  we have : 

D i n  presen t  CERX SC (slow ex t r ac t i on )  = 0.40 

D i n  CYBEST (n a tu r a l  d e b u n ~ h i n ~ )  - Theore t ica l  
= - 1.00 

1.1.6 Tota l  CYBEST ga in  

Values given i n  the  preceding paragraph 
l e a d  t o  an o v e r a l l  ga in  from 4.1 t o  6.0, a s  
summarized under 1.4. 

1.2 Pos i t i ve  Pions of Energy Lower than  100 MeV 

For pions i n  t h i s  energy range, t h e  h ighes t  
y i e l d  i s  ob ta ined  a t  present  from i n t e r n a l  t a r -  
g e t s  i n  the SC. The comparison i s  e s s e n t i a l l y  
t h e  same a s  f o r  negat ive pions a p a r t  from t h e  
f a c t  t h a t  i n  t h e  SC pos i t i ve  pions can be 
ex t r ac t ed  from the  machine only i f  they  a r e  
produced i n  t h e  backward d i rec t ion .  One can 
take  t h i s  i n t o  account i n  assess ing  Al. A l l  
o ther  parameters remain t h e  same. One has,  
f o r  some p r a c t i c a l  cases,  ga ins  a s  high a s  65 
( see  1.4). 

1.3 Pos i t i ve  pions of  Energy ~ i g h e r  than  100 McV 

:l'ittl t h e  C m  SC a s  an  i l l u s t m t i  ve example, 
these  pions can be obtained only :%om ex t e rna l  
t a r g e t s  i n  t h e  ex t rac ted  proton beam. I n  
CYBEST they  can'be obtained of course a l s o  from 
i n t e r c a l  t a rge t s .  The usual  c o ~ ~ p a r i s o n  of t he  
t o t a l  numbers of secondaries  i n  t he  range 
produced i n  the  two cases  makes CYI;::ST advanta- 
geous i f  : 

where v1 = ex t r ac t i on  e f f i c i ency  from SC (very 
f a s t )  

T); 
= ex t r ac t i on  e f f j  c iency from SC (slovi) 

n 2  = i n j e c t i o n  e f f i c i ency  i n  CY2EST 

Fi2 = t a r g e t  e f f i c i ency  i n  CYBEST 

Fel = e f f i c i ency  of t he  externa.1 t a r g e t  
i n  t h e  ex t rac ted  nroton beam 

One can note  t h a t  t he  two ex t r ac t i on  eff ' i-  
c i enc i e s  ql and T); a r e  no t  equel  s ince  they  
r e f e r  t o  two a i f f e r e n t  ex t r ac t i on  methods. For 
i n j e c t i o n  i n t o  CYBEST one has t o  use t h e  very 
fast method mentioned above which i s  a l s o  more 
e f f i c i e n t  than the  prcsen t  slower method, used 
f o r  t h e  ex t r ac t ed  beam s t r i k i n ~  d i r e c t l y  an  
ex t e rna l  t a rge t .  I n  t he  presen t  Cm SC 
0; = 0.05. Fel depends on t he  a c t u a l  thick-  
ness of t h e  t a r g e t  S tudies  conducted by 
l~ l ichae l i s  and a1.4;5 i nd i ca t e  t h a t  there  i s ,  
f o r  a given mater ia l ,  an  optimal th ickness  
from t h e  po in t  of view of pion y i e l d ,  beyond 
which t he  f l u x  of pions accepted by a g iven  
reasonable o p t i c a l  system goes down. Such a 
th ickness  usua l ly  corresponds t o  1/4 i n t e r -  
a c t i on  length ,  g iv ing  Fel  = - 0.15. C'L~EST 
gains can be then  9.6. 

To make t h e  comparison more ccmplcte one can 
poin t  ou t  t h a t  i n  the above one has assumed 
t he  same r eac t i ons  f o r  pion production i n  t h e  
two cases ,  whereas i n  p r ac t i c e  one could use 
a l i q u i d  hydrogen t a r g e t  i n  t he  ex te rna l  beam 
and t he r e fo r e  p r o f i t  from t h e  r eac t i on  

which, e spec i a l l y  arounct 600 IvieV proton energy 
y i e l d s  h igher  pion f l u  than  o ther  mechanism. 
This would tend  t o  decrease t h e  above gains. 

1.4 Conclusions. 

The fol lowing t a b l e  s ~ ~ r i z e s  t he  com- 
par i sons  : 

S- 

E n e r u ( ~ e ~ )  

85  

CYBEST Total  ga in  (.-) 

4. 1 
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In  evaluating these gains, which a r e  highest  f o r  
pos i t ive  pions, one should bear i n  mind t h a t  
the comparison i s  made between an idea l  machine, 
~ h a r i l y a s s e s s e d ,  and an ac tua l  synchro- 
cyclotron. l o r e  de ta i led  s tudies  may l ead  t o  a 
somewhat d i f ferent  picture. In addi t ion  t o  the 
y i e ld ,  however, one has t o  take i n t o  account 
the  various other f a c t s  mentioned above, namely 

CYBEST vs. E 
a )  e i t h e r  sign,  variable energy secondary beams 
obtainable i n  any given bean path, 

b ) reduced aberrat ions,  

c )  absence of a lower l i m i t  i n  the energy of 
secondaries, 

+ 
d)  cleaner high energy n beams 

2. Magnetic St ruc ture  

A s  already mentioned, only an a l te rnat ing  
~ r a d i e n t  s t ruc tu re  i s  capable of f u l f i l l i n g  
the  requirements and of showing the  advantages 
outl ined above. Theory and symbols follow 
Courant and ~nyder7 .  

2.1 Radius of Curvature. 

I f  one v{ants t o  avoid correcting elements 
Tor the  sa tura t ion  e f f ec t s ,  Be ( f i e l d  on eq. 
o r b i t )  should be : 

With 6 = 1.24 GeV/c and Trom = 0.3 p B 

2.2 Structure 

In a 10v i  energy machine, where the  f r ac t ion  
of the circumference occupied by straight-sec- 
t i ons  i s  r e l a t i v e l y  high, various s t ruc tures  
can be considered. With the simplest one, the  
so ca l led  PODO, reasonable values of Q can only 
be obtained by r a the r  h i @  values of' n/p. If 
t h i s  can be kept i n  convenient l imi t s ,  such a 
s t ruc ture  i s  however r a the r  economical i n  c i r -  
cumference and i n  cos t  and sho?;s a good momen- 
t u m  cornpaction function ( r e l a t ive ly  high momen- 
tum spread accepted) but it Inay require correct-  
i cg  elements. d i t h  the  :,'LILO s t ruc ture ,  derived 
from FODO by replacing every D-magnet by a lens  
Li) and by making the F-magnets tviice a s  long, 
one obtains the same Q-value a s  zbove with con- 
siderably sinaller n/pin thc ?-magnet and rea- 
sonable charac ter i s t ic  of the  LD lens. !!?he 
s t ruc ture  i s  however l e s s  economical both i n  
circumi'erence and i n  cos t  an6 has a worse momen- 
tum compaction functior., 'i:ncreas correcting 
elements might be  avoided. I n  v:hat f o l l o v ~ s ,  an 
exa!cplc of PO1)O and one cf' POLCl a re  t r ea t ed  i n  
some d.etails but without an;r attempt of opti- 
mization. A low value of Be (1.0 T) i s  used i n  

both cases since a r a the r  long circumference i s  
needed f o r  s ingle  turn  in j ec t ion  and it i s  con- 
venient t o  reduce o r  el iminate the  correcting 
elements. Figs. 1 and 2 give the  schematic lay- 
outs of the  two machines, while f igs.  3 an6 5 
show the  bas i c  structure,  

2.3 Long Straight-sections 

At l e a s t  two long straight-sections a re  
needed, one f o r  i n j ec t ion  and the  other f o r  in- 
t e r n a l  ta rgets .  In  f a c t  four  would be more 
adequate : one f o r  in jec t ion ,  two f o r  t a rge t s  and 
one f o r  aux i l i a ry  equipment (e.g. kicker magnet 
f o r  t a rge t  sharing). 

!he r e l a t i v e l y  small value of j? compared 
with a reasonable s t ra ight -sec t ion  length (> h) 
c a l k f o r  t he  adoption of a simple matched sec t ion  
following collins8. Figs. 4 and 6 give the  lay- 
out of the straight-sections f o r  the  examples 
considered. 

2.4 Aperture 

m e  useful  f i e l d  region in s ide  the vacuum 
chamber must accommodate : 

a )  closed o r b i t  displacements due t o  misalign- 
ments and imperfections of magnets, 

b )  amplitude of the  betatron osc i l l a t ions  due t o  
emittance of the  in jec ted  beam and t o  e r ro r s  i n  
in jec t ion ,  

c )  r a d i a l  spread of' the beam due t o  momentum 
spread. 

Table 1 gives a summary of the  aperture re-  
quirements f o r  the  chosen examples. From t h i s  
point of view, E'ODO i s  more arlvantngeous, espe- 
c i a l l y  horizontal ly,  due t o  the b e t t e r  momentum 
compaction function. 

In addi t ion  ext ra  space i s  require& f o r  an 
e f f i c i e n t  targeting.  Studies a re  i n  progress 
but one can say already t h a t  one may need 
doubling the  horizontal  dimensions. 

2.5 L i s t  of Parameters 

Table 2 contains the  most important para- 
meters. It w i l l  be noticed t h a t  both the  p ro f i l e  
parameter n/p i n  magnets and the gradient G i n  
lenses f o r  the FOLO case a re  conservative and 
f a c i l i t a t e  t he  design. It is  f e l t  t ha t ,  fo r  such 
a case, no correcting elements riould be required. 
For FODO, n/p tends t o  be  on the high s ide ,  in- 
creasing the  d i f f i c u l t y  of magnet design and re- 
quiring possibly correcting elements. 

3. Technical P r o b a  

It i s  not the purpose of t h i s  paper t o  t r e a t  
i n  d e t a i l s  the  numerous technical  problems in- 
volved. I n  what follows only two of them a re  
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mentioned,simply to complete the description of 
the device. 

3.1 Injection 

For single turn injection, the simplest 
scheme consists in the use of a full aperture 
kicker which should comply with the following 
specifications : 

pulse length at full aperture : - 0.30 p sec 
Felling-off time : < 0.03 p sec 
Total deviation strength : - 40 mad 
Cycling time : 54 c sec'' 

This se ms realizable follow in^ a paper by 4 Fischer . 
3.2 Magnet Yoke an6 B = B(%) 

In first approximation, the magnetic field B 
can be independent of time. In fact, for a 
flexible and efficient targeting, it is convenient 
to move the beam onto a stationary target by 
means of aslight variation of the magnetic field 
with time. One has : 

6 s Be I.. + Be;-& Be 
P +  P P - 

with Be = 1.0 T, p = 4-14 n and 6p = + 30 mm., one 
has 

6 $ = 2 7.2 X 10-' T = 2 72 gauss 

Assuming that this field variation takes 16 msec 
and the return to normal field for the next cycle 
2 msec, the eddy currents do not represent a 
problem if laminations 1-2 inm thick are used. The 
utilization of such laminations is also tech- 
nically and economically convenient. 

4. Conclusions 

CYBEST is realizable if the required extrao- 
tion time can be achieved. Its advantages,which 
appear to be of some value in the preliminary 
treatment of par. 1, can only be finally assessed 
by more extended studies. The required magnetic 
structure, although fairly simple, occupies a 

relatively large area, while no major technical 
problems, apart from the extraction from the SC, 
are anticipatea. The aperture is also rather 
large. Finally similar devices may be of some 
interest in connection with other accelerators 
(e.g. linacs) in view of their advantages with 
regard to duty cycle and targeting. 
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* Without takinp in to  a c a ~ m t  requirements fo r  ta rget  operation. 1 

TABLE 1 - Required 

Vertical  half-aperture 
.) 

Zoo closed-orbit displacement 

A 

Zb amplitude of betatron osc i l la t ions  

Radial half-aperture 
LI 

Xce closed-orbit displacement 

a 

5 amplitude of betatron osc i l la t ions  

Xs momentum band (1%) 

FOM 

1, a 0  

1.0 

4.14 

3.90 

4-25 

26 

2.10 

1 0  00 

0.50 

0.30 

4" 54 

- 
90 20 

SA 
2 

4.02 

1.70 

WP 

semi-aperam* 

FOM 

(mm > 

3.0 

15.0 

18.0 

40 9 

9,6 

55.0 

69.5 

TABLE 2 - List 
I 

Maximum romentum 

Peak f i e l d  a t  equilibrium orbi t  

Magnetic radius 

Average radius 

~ o t a l  Q value 

Number of normal periods 

Length of a normal period 

Effective length of a magnet 

Effeotive length of a lens 

Length of  normal straight-sections 

Prof i le  parameter of magnet (F) 

Prof i le  parameter of magnet (D)  

Gradient in 5 19- 

Phen uiranco i n  normal period 

Number of Collins inserticm8 

Total length of an insert ion 

h n g t h  d field-fro. section i n  centre 

L-w a d v w  i n  insert ion 

U K I T  

F r n  

(mm 

4.0 

12.7 

16.7 

4.6 

8.3 • 

35.5 

M,4 

of parmnete~ 

S'< b:SOL 

P max 

Be 

P 

R 

Q(H) = Q(V) 

N 

LP 

Lm 

4 
LsLI 

./P 

./P 
G 

Cc 
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1 1 1 1 1 1 1 1 1 1 1  

Fig. 1 : CYBEST FOLO Structure 

26 periods in total 

2 periods with Collins stragM-sections in place d t 
Fig. 3 : Basic Structure - POLO 

0 
SCALE 

10 m l 
I I I I I I  1 1 1 1  

Fig. 2 : CYBEST P O W  Structure 
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9 
26 pdods n totd 

f 

- 
LP - 

4 prmdr with Cdlins stmight-sections in phcc of or f 
Fig. 5 : Basic Structure  - FODO 

- r 
I I . F 
I - 

1m 1.70 m4 ID2 r ? 

August 

Pig. 4 : Layout of Col l ins  Straight-Sectioils f o l  POLO 

Fig. 6 
Layout of Col l ins  Straight-Sections f o r  FODO 

DISCUSSION 

BLASER: How do you want to make the injec- 
tion, single - turn injection, o r  how? 

BRIANTI: Well, this depends on the achieved 
speed f rom the extraction. Since the c i rcum- 
ference of this device i s  five t imes  the maximum 
circumference of the cyclotron, we can extract  
five turns f rom the SC for  a single turn. This 
i s  probably too fas t ,  but I was not considering 
more  than two-turn injection, two o r  three turns  
a s  the ve ry  maximum. The figures that you 
have seen were based on single turn. 

RICHARDSON: I s  there any engineered esti-  
mate on cost? 

BRIANTI: Not really an  engineered estimate.  I 
think that if one has  to make a new building, it 
i s  certainly in the region of two million dollars.  
Without a new building, it i s  not more  than 1. 5. 
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