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The d e s c r i p t i o n  of t h e  c e n t r a l  op- 
t i c s  f o r  2.4 m isochronous cyc lo t ron  
i s  given i n  t h i s  r e p o r t .  The main pa- 
rameters of t h e  cyc lo t ron  a r e  repor-  
t e d  i n  an o t h e r  a p e r  con t r ibu ted  t o  
t h e  oaniersnoa . This  cyc lo t ron  
w i l l  a c c e l e r a t e  protons  up t o  t h e  ma- 
ximum energy 100 MeV and o t h e r  par-  
t i c l e s .  

The aim of o r i g i n a l  o r b i t s  DroDer- 
t y  s t u d i e s  i s  t o  o b t a i n  com ac% i o n  
beam a t  poss ib ly  high t ime 8 u r a t i o n  
of cu r ren t  pulse .  In a d d i t i o n  t o ,  t h e  
con t ro l  f l e x i b i l i t  requirement f o r  
t h e  p o s i t i o n  of a l l  c e n t r a l  o p t i c s  
elements is  t aken  i n t o  account,which 
is  important f o r  cyc lo t ron  with v a r i -  
a b l e  energy of p a r t i c l e s .  

A number of experiments were car -  
r i e d  out on 685 mm s e c t o r  cyc lo t ron  
[l], which i n v e s t i g a t e d  t h e  ion  moti- 
on nea r  t h e  cen te r .  

l .  Prel iminary Studv % s i c  Re- 
s u l t s  of I n i t i a l  Ion  Not- 

Radial m o t i o ~  Radial  i o n  o s c i l -  
l a t i o n  ampli tude a t  t h e  c e n t r e  of 
cyclo t ron can be es t imated  a s  h a l f -  
width of o r b i t  c e n t e r  &one, i f  o r b i t  

en t r ing  requirement i s  c a r r i e d  out  
f t h a t  is, averaged o r b i t  c e n t e r  co- 
i n c i d e s  wi th  magnetic f i e l d  cent  e r ) .  
The blow up of o r b i t  c e n t e r  zone de- 
pends cons iderably  on t h e  e f f e c t i v e  
width of an a c c e l e r a t i n g  sli t .  For 
d i f f e r e n t  va lues  of t h e  parameter 
$4f ( g  - t h e  e f f e c t i v e  

halfwidth of t h e  a c c e l e r a t i n g  s l i t  
U, - dee v o l l a g e  arnplitude,&=m,cz j 
and d i r e c t  v o l t a g e  va lue  U i  (Ui - 
i n  u n i t s  of U, ) a t  "constant  i n -  
j e c t i o n n  , o r i g i n a l  o r b i t  parameters 
were derived from t h e  formulae of 
"homogeneous f i e l d n .  

Fig.1 shows t h e  dependance of pha- 
s e  band width,  accepted t o  f u r t h e r  
a c c e l e r a t i o n  ong/A. The l a t t e r  was 
derived according t o  o r i g i n a l  o r b i t  
c a l c u l a t i o n  in 2.4 m cyclo t ron f o r  
s e v e r a l  va lues  of r a d i a l  o s c i l l a t i -  
on amplitudez3 m m ,  5 mm and 8 mm. 

It is seen,  t h a t  f o r  t h e  a c t u a l  
condi t ion  of t h i s  cyc lo t ron  ( p r o t o n  
a c c e l e r ~ t i o g ,  when % =O,6) 
Ay =60 $80 . L i m i t  amplitude inc re -  
a s e  of r a d i a l  o s c i l l a t i o n  above 5  mm 
i s  not  e f f e c t i v e  from t h e  point  of 
view of t ime d u r a t i o n  cur ren t  pu l se  
inc rease .  It is  a l s o  seen,  t h a t  w i t h  
t h e  i n c r e a s e  o f % ,  p o s i t i v e  phase 
i o n  f r a c t i o n  quickly  drops. 
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The a p p l i c a t i o n  of con t in ious  in -  
j e c t i o n  can considerably  inc rease  
phase dura t ion  of Beam pu l se  (by - 20' 
a t  UizO.1 and 40 a t  Ui=0.5).  The 
s tudy of t r a n s v e r s a l  beam blow U ( i n  
r e spec t  t o  t h e  a c c e l e r a t i n g  s l i t  
shows t h a t  

P 
it  i s  n e g l i g i b l e  i n  

t h e  system wi th  an e x t r a c t i n g  e l e c t -  
rode on dee ( ~ u l l e r ) .  

V e r t i c a l  mation. Dee g r i d s  l21 o r  
i o n  source displacement according t o  
Smith method C33 a r e  g e n e r a l l y  used 
t o  decrease  v e r t i c a l  defocuss ina  of 
ions  with nega t ive  phases by dee ac-  
c e l e r a t i n g  f i e l d .  In synchrocyclot  roq  

where t h e  a c c e l e r a t i n g  vo l t age  i s  not  
high,  e l e c t r o s t a t i c  focuss ing can be 
used C43. The p o s s i b i l i t y  of focus-  
s i n g  improvement f o r  2.4 m cyclo t ron 
by decreasing a c c e l e r a t i n g  s l i t  aper-  
t u r e  a t  t h e  e x i t  was considered .( s e e  
f i g . 2 ) .  Fig.2 g i v e s  t h e  c a l c u l a t i o n  
r e s u l t s  of ~ e r t i c a l ~ o s c i l l a t i o n  ef -  
f  e c t  i v e  frequency V,&. which a r e  de- 
r ived  w i t h  t h e  he lp  of formulae si- 
m i l a r  t o  t h a t  c i t e d  i n  t h e  pa e r  151 
while using t h e  experimental  Bata of 
f i e l d  modelling on e l e c t r o l y t i c  tank.  
Fig.2 shows t h e  dependance of t h e  va- 
l u e  ~ & e .  on t h e  i o n  phase a t  R=lO cm 
f o r  d i f f e r e n t  o p t i c a l  systems: 1  - 
symmetrical a c c e l e r a t i n g  s l i t  ( 50 mm 
by 35 g m > ,  
2  - 10 d i sp laced  source ,  
3 - g r i d s  wi th  3 mm s l i t  width a r e  
s e t  a t  t h e  e x i t  of a c c e l e r a t i n g  s l i t ,  
4 - a c c e l e r a t i n g  s l i t  a p e r t u r e  is 
decreased a t  t h e  e x i t  from 50 mm t o  
25 mm. One can s e e  t h a t  t h e  most fo-  
cuss ing e f f e c t  can be achived when 
t h e  dee is  c losed by g r i d s .  S l i t  
a p e r t u r e  decrease  a t  t h e  e x i t  is si-  
m i l a r  t o  10' source  displ.acement . 

Orbit  cent er in^. I n  t h e  cyclo t ron 
wi th  v a r i a b l e  energy of p a r t i c l e s  f o r  
maintaining t h e  o r b i t  cent  e r ing  , ob- 
t a i n e d  f o r  a  s i n g l e  opera t ion  regime, 
i t  is necessary t o  c o r r e c t  t h e  va lue  
of dee vo l t age  ( "cons tan t  o r b i t n  regi- 
me) o r  t h e  p o s i t i o n  of o p t i c s  elemen* 
( t h e  regime of a c c e l e r a t i n g  vo l t age  
constancy).  The advantage of t h e  f i r s t  
regime is t h e  absence of complicate 
mechanisms f o r  t h e  ad ustement of t h e  l! source  p o s i t i o n  e t c .  t i s  convenient 
t o  use t h e  displacement of t h e  ion  
source  o r  g r i d  on t h e  dees.  Bowever, 
when t h e  ions  a r e  a c c e l e r a t e d  a t  f r e -  
~ u e n c i e s ,  m u l t i q l e  f p e  frequency p 

he i o n  revo lu t  on subharmonics f, 
t h e  condi t ions  of t h e  phase motion 

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

A-004 Reprinted from IEEE Transactions on Nuclear Science NS-13 (4), Aug 1966 c© IEEE 1966



IEEE TRANSACTIONS ON NUCLEAR SCIENCE August 

can c o n t r a d i c t  t h e  c o n d i t i o n s  of or-  
b i t  constancy.  A s  some s t u d i e s  have 
shown, t h e  l a r g e  r a d i a l  expansion of 
t h e  beam dur ing  a c c e l e r a t i o n  a t  Sub- 
harmonics may cause  t h e  l o s s e s  of i n -  
t e n s i t y  wh i l e  p a s s i n g  t h e  c e n t r a l  re -  
sonant  reg ion .  During a c c e l e r a t i o n  of 
mult icharged i o n s  w i t h  a  l a r g e  charge  
number high a c c e l e r a t i n g  p o t e n t i a l  is 
d e s i r e d  i n  o r d e r  t o  dec rease  t h e  l o s -  
s e s  due t o  g a s  d i s s o c i a t i o n .  

I n  c a s e  UO = cons t  one can expect  
ingreasang  of p u l s e  t ime d u r a t i o n  by 
15  - 20 due t o  d e c r e a s i n g  of YA pa- 
rameter.  The c o n d i t i o n s  of beam ex t -  
r a c t i o n  f o r  t h e s e  regimes of t h e  cyc- 
l o t r o n  o  e r a t i o n  a r e  improved. The 
disadvanfag e  i s  t h e  p r a c t  i c a l  d i f  f i- 
cuty  of c o r r e c t i o n  i n  a  wide range 
of p o s i t i o n  of c e n t r a l  o p t i c s  i n d i -  
v i d u a l  e lements .  The most s u i t a b l e  
method i s  probably  t h a t  one, a t  which 
t h e i r  p o s i t i o n  i s  c o r r e c t e d  i n  t h e  
range of some t e n s  of m i l l i m e t r e s .  
Here we have a  number of s e l e c t e d  po- 
s i t i o n s .  If t h e r e  is  a  s l i g h t  devia-  
t i o n  from t h e  se l ec t e$pos i t i one  t h e  
c o r r e c t i o n  is  made by means of s e l e c -  
t i o n  of t h e  v a l u e  of t h e  a c c e l e r a t i n g  
v o l t  age. 

2. 2.4 m C v c l o t r o n  C e n t r a l  R e ~ i o n .  
Fig.3 shows t h e  head of t h e  i o n  

sou rce  (15  mm X25 mm wi th  f l a t  p a r t  
he igh t  of 40 mm,  t h e  heght of t h e  
e x t r a c t i n g  s l i t  v a r i e s  from 5  mm t o  
15 mm) t h e  p u l l e r  ( 1 3  mm from t h e  
sou rce f ,  t h e  dummy dee  and two c o l -  
l i m a t o r s  i n  t h e  r eg ion  f r e e  of 
e l e c t r i c  f i e l d .  The s o u r c e  is  i n s e r -  
t e d  i n t o  t h e  chamber pe rpend icu la r ly  
t h e  dee edge, t h i s  is  due t o  i ts 
c o n s t r u c t i o n .  The a c c e l e r a t i n g  dee 
v o l t a g e  is  125 kv. The dummy dee  of 
360 mm l e n g t h  is r i g i d l y  connected 
wi th  t h e  sou rce .  The a c c e l e r a t i n g  
s l i t  width i n  t h e  c e n t r a l  r e  i o n  is  
35 mm wi th  t h e  a p e r t u r e  of 5% mm. 
The dee and dummy dee  have s p e c i a l  
l u g s  of a  r e f r a c t o r y  m a t e r i a l .  These 
l u g s  l i m i t  t h e  s l i t  a p e r t u r e  a t  t h e  
e x i t  up t o  25 mm (30 mm, 35 mm). The 
sou rce  and p u l l e r  o s i t i o n  i s  co r rec -  
t e d  i n  t h e  range oP +50 mm from t h e  
o r i g i n a l  p o s i t i o n  (+Jo mm from t h e  
chamber c e n t e r ) .  I t  i s  p o s s i b l e  t o  
c o r r e c t  t h e  p o s i t i o n  of t h e  s o u r c e  
v e r t i c a l  a x i s  r e l a t i v e  t o  t h e  manne- 
t i c  f i e l d  a x i s .  A l l  t h e  d i sp l acez  
ments ( i n c l u d i n g  t h e  c o l l i m a t o r  and 
t h e i r  s l i t  a p e r t u r e )  have t h e  remote 
c o n t r o l  . 

3. Studv of 1 ~ n  I n i t i a l  Motion 
A 

I n  t h e  685 mm s e c t o r  c y c l o t r o n  
t h e  s l i t  s o u r c e  of ho t  t y p e  is  in-  
s t a l l e d .  The dee  ( i t s  a n e r t a r e  i s  

17 mm, p o t e n t i a l  - 5  kv + 10 kv) has  
a  p u l l e r  w i th  t h e  s l i t  h e i g h t  of 8mm. 
I n  t h e  c e n t r a l  r eg ion  t h e  dee  and 
dummy dee  a p e r t u r e  i s  decreased  up t o  
10 mm. The c o l l i m a t o r  is  p laced  be- 
hind t h e  dummy dee. While a c c e l e r a -  
t i n g  deuter lum i o n s  t o  t h e  energy of 
4 MeV s tudy  of i n i t i a l  o r b i t  proper-  
t i e s  was c a r r i e d  ou t .  The determina-  
t i o n  of i on  o r b i t s ,  c a r r i e d  out  wi th  
t h e  h e l p  of a s p e c i a l  probe wi th  a  
narrow e l e c t r o d e  and a  c o l l i m a t o r ,  
showed good agreement ( b e t t e r  t han  

1  mm) wi th  t h e  d a t a  of t r a ' e c t o -  
r y  des ign  i n  t h e  c a s e  when t h e  s t e p -  
ped approximation of 
a c c e l e r a t i n g  f i e l d  d i s t r i b u t i o n  ob- 
t a i n e d  i n  t h e  e l e c t r o l y t i c  t a n k  is  
used. The des ign  wid th  of t h e  phase 
band (-15' f +27O) showed a l s o  good 
agreement w i th  t h e  s u b s e  uent  measu- 
rements of phase motion . R g . 4  
shows t h e  des ign  d i s t r i b u t  on of t h e  
beam c u r r e n t  on t h e  f i r s t  r e v o l u t i o n  
and t h e  o r b i t  p o s i t i o n s ,  found expe- 
r imen ta l ly .  I t  was p o s s i b l e  t o  c a r r y  
out  t h e  phase s e l e c t i o n  of t h e  beam 
(Fig.5)  and Limi t ing  of r a d i a l  o s c i l -  
l a t i o n  ampl i tude  n e a r  t h e  c e n t e r  U 
t o  - lmm wi th  t h e  h e l p  of t h e  c o l l f -  
mator. The v e r t i c a l  he igh t  of t h e  
h igh  energy beam was u s u a l l y  about 
5  mm. While c e n t e r i n g  t h e  o r b i t s  by 
means of t h e  changing of t h e  i o n  so- 
u r c e  p o s i t i o n  a long  t h e  a c c e l e r a t i n g  
s l i t  X, t h e  s t r o n g  dependance of t h e  
ampl i tude  of t h e  r a d i a l  o s c i l l a t i o n s  
on X. was foudd ( e s p e c i a l l y  i n  t h e  
r eg ion  a f  t h e  f i n i t e  r a d i i  of acce- 
l e r a t i o n )  . I t  can be s e e n  from Fig.6, 
which shows t h e  dependance of ampli- 
t u d e  of r a d i a l  o s c i l l a t i o n s  f o r  d i f -  
f e r e n t  p o s i t i o n s  of t h e  i o n  sou rce  
on t h e  a c c e l e r a t i o n  r ad ius .  The va- 
l u e  of t h e  ampl i tude  is  determined 
brcm t h e  experiments  on overshading 
of one probe by t h e  o t h e r .  
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This paper was presented in Russian by 
N. I. Venikov, with translation by G .  M. Volkoff. 
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Fig. 1. Phase band width of ions, accepted t o  
acceleration as a function of 6Jh parameter. 

Fig. 2. Vertical focusing of ions by the elec- 
t r i c  f ie ld  of the accelerating slit. 
I - symIetric slit 
I1 - icm source is displaced by 10°. 
111 - grid at dee entrance. 
IV - slit output a p e r a m  half as input 

a p e r a m .  

Fig. 3. Diagram of cen- region of the 2.- 
cyclotran. 

Fig. 4. Ccmparison of the experimntally found 
position of the f i r s t  ion orbits with the design 
cne. 

Fig. 5. The results (11) of beam phase selection. 
I - dependence of ion current when the collirrator 
is mmved. 

Fig: 6. Dependence of the amplitude of the 
radial oscillations on radius. 

X, - is a coordinate of the source. 

DISCUSSION 

BLOSSER: The phrase "centering optics" was 
used; does this refer  to the movable source and 
puller ? 

VENIKOV: Yes. It i s  to the motion of the source 
and puller. 
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