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The s e c t o r  c y c l o t r o n  w i t h  p o l e  d i -  
a m e t e r  of 685 mm, t h e  b a s i c  parame- 
t e r s  of which a r e  g i v e n  i n  t h e  s t a t u s  
r e p o r t  L11 , is  a working model of t h e  
2,4m i s o c h r o n o u s  c y c l o t r o n  w i t h  t h e  
v a r i a b l e  e n e r g y  o f  p a r t i c l e s .  It is  
i n t e n d e d  f o r  r e s e a r c h  works w i t h  t h e  
p r o t o n  and d e u t e r i u m  beam. A t  p r e s e n t  
t h e  685 mm c y c l o t r o n  a l l o w s  t o  a c c e -  
l e r a t e  t h e  p r o t o n s  i n  i s o c h r o n o u s  r e -  
gime up t o  2 MeV, d e u t  oronv up t o  
4 PeV, 3 WeV and 0 .5  MeV. 

~~LXQXX-C~QIIS~E!L%Q&~ f3 1  
shows some of t h e  i m p o r t a n t  machine 
components: a c c e l e r a t i n g  chamber, dee ,  
i o n  s o u r c e ,  t h r e e  measur ing  p robes  
and t w o - s e c t i o n a l  e l e c t r o s t a t i c  d e f -  
l e c t o r .  The i n p u t  a c c e l e r a t i n g  v o l t a -  
g e  ( u p  t o  15 kv)  is  a p p l i e d  t o  t h e  
d e e  t h r o u g h  t h e  i n s u l a t o r .  The coup- 
l i n g  of t h e  o u t p u t  t u b e  w i t h  t h e  r e -  
sonance  sys tem is a  c a p a c i t i v e  one 
and o p e r a t i o n  regime of  r.f. g e n e r a -  
t o r  i s  a  c o n t i n u o u s  one. The r e g i o n  
of i o n  a c c e l e r a t i o n  i s  s e p a r a t e d  
from t h e  forevacuum chambers by t h e  
t h i n  l i d s .  I n  t h e  forevacuum cham- 
b e r s  t r i m  and harmonic  c o i l s  a r e  p l a -  
ced.  The t r i m  c o i l s  a r e  mounted a t  
3 cm, 5.2 cm, 7.5 cm, 12 cm, 16.5 cm, 
18.5 cm, 24.5 cm and 28.5 cm r a d i i .  
The c o i l s  maximum c u r r e n t  i s  1500 a .  
The harmonic c o i l s  have t h r e e  s e c t i -  
ons a l o n g  t h e  r a d i u s  and a l l o w  t o  
compensate f i e l d  d i s t u r b a n c e  of t h e  
f i rst  harmonic  t y p e  up t o  25 g a u s s .  

The measurements  o f  magne t ic  f i -  
e l d  were made w i t h  t h e  h e l p  of H a l l  
magnet2met e r ,  deve loped  a t  o u r  I n s t  i- 
t u t e .  ~ h  measurement a c c u r a c y  was up -8 t o  2.10 . These  measurements  were  ma- 
de  a t  t h r e e  l e v e l s  o f  magnet i n d u c t i -  
on,  c o r r e s p o n d i n g  t o  a c c e l e r a t i o n  r e -  
uimes of t h e  p r o t o n s  up t o  2  MeV 
7 ~ , = 7  kC3) and o f  t h e  d e u t e r i u m  i o n s  
up t o  3 MeV and 4 MeV. (Ho=12 kG 
14 k6). Fig.2 shows dependences  o f  
t h e  mean magne t ic  f i e l d  f o r  t h e  g i v e n  
f i e l d  v a l u e s  i n  t h e  c e n t e r  o n a  r a d i u s .  
They a r e  shown by t h e  s o l i d  l i n e s .  
The dashed c u r v e s  p r e s e n t  " i s o c h r o n o -  
u s n  dependences  of t h e  mean f i e l d .  
For  t h e  r a d i i ,  l a r g e r  t h a n  15 cm, t h e  
f l u t t e r  v a l u e  f is  0.4  

The " s p i r a l i t y "  a n g l e  f8r r e g i o n  o f  
t h e  f i n i t e  r a d i i  i s - 2 0  . The magne- 
t i c  f i e l d s  o f  a l l  t r i m  c o i l s  were me- 
a s u r e d  a t  t h e  m a g n e t i c  f i e l d  p o i n t e d  
l e v e l s .  These  m a g n e t i c  f i e l d s  a r e  c a r  
s i d e r e d  t o  be a  l i n e a r  f u n c t i o n  of 
t h e  c u r r e n t  f l o w i n g  t h r o u g h  them w i t h  
a good d e g r e e  o f  a p p r o x i m a t i o n .  The 
measurement a c c u r a p y  o f  t h e  t r i m  co- 
i l s  f i e l d s  is  2.10 -. Fig .3  shows t h e  
d i s t r i b u t i o n  f u n c t i o n s  of t h e  mean 
f i e l d s  of t h e  t r i m  c o i l s  a l o n g  t h e  
r a d i u s  w i t h  kio=14 k6. The c a l c u l a t i -  
on o f  t r i m  c o i l s  c u r r e n t s  was made on 
a n  e l e c t r o n i c  computer .  The e x p e r i -  
menta l  c h e c k i n g  o f  t h e  r e s u l t s  of f o r  
ming t h e  i s o c h r o n o u s  dependence of 
t h e  mean magne t ic  f i e l d  v e r i f i e d  t h e  
d e s i g n  d a t a .  F o r  a l l  o p e r a t i n g  modes 
of t h e  c y c l o t r o n  t h e  d i f f e r e n c e s  of 
a c t u a l  d i s t r i b u t i o n  o f  t h e  magne t ic  
f i e l d  from i t s  i s o c h r o n o u s  de  enden- Et c e  d i d  n o t  exceed 2 1 0  g a u s s .  o r  t h e  
measurement of l o w e r  harmonics  of 
magne t ic  f i e l d  a z i m u t h a l  inhomogenei- 
t i e s  two inductive c o i l s ,  connec ted  
i n  o p p o s i t e  d i r e c t i o n s ,  S r e a d  p e r  g element  of magne t ic  st  r u c  u r e  p e r i o -  
d i c i t y  ( 1200) were  used [2J. The measu- 
rement a c c u r a c y  is  20.5  g a u s s .  The 
v a l u e  o f  measured a m p l i t u d e  o f  t h e  
f irst  harmonic d i d  n o t  exceed 10 gams 

A c c w  
The p r o t o n  a c c e l e r a t i o n  i n  t h e  

l a r g e  c y c l o t r o n ,  where r.f. v o l t a g e  
a m p l i t u d e  is  1 2 5  kv,  was modeled a c -  
c o r d i n g  t o  p h a s e  mot ion  by t h e  a c c e -  
l e r a t i o n  of t h e  d e u t e r i u m  i o n s  up t o  
4  MeV a t  v o l t a g e  a m p l i t u d e  on t h e  d e e  
o f  5 kv. The c u r r e n t  dependence of 
t h e  a c c e l e r a t e d  i o n s  on t h e  r a d i u s  
f o r  U =5 kv i s  shown i n .  Fig .4 .  The 
depen8ence n a t u r e  i n d i c a t e s  on t h e  
a b s e n c e  of beam i n t e n s i t y  l o s s e s ,  c a -  
s e d  by t h e  p h a s e  s h i f t s .  When t h e  de- 
pendences  shown i n  F i g . 4 w e r e  measured 
t h e  beam c u r r e n t  b e c a u s e  of r a d i a t i o n  
s a f e t y  was l i m i t e d  up t o  10flA. Howe- 
v e r  it  was p o s s i b l e  t o  o b t a i n  t h e  c u r  
r e n t s  of 4 MeV d e u t e r o n s  up t o  5 0 p A .  
T h i s  f i g u r e  shows a l s o  t h e  dependen- 
c e s  of t h e  beam c u r r e n t  on t h e  r a d i -  
u s ,  o b t a i n e d  d u r i n g  t h e  a c c e l e r a t i o n  
of t h e  p r o t o n s  up t o  2  MeV and d e u t e -  
r ium i o n s  up t o  3 MeV and 0.5 MeV. I n  
t h e  l a t t e r  c a s e  t h e  a c c e l e r a t i o n  on 
t h e  t h i r d  harmonic  of r e v o l u t i o n  f r e -  
quency was used .  
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The p h a s e  mot ion  d u r i n g  t h e  a c c e l e -  
r a t i o n  o f  t h e  d e u t e r o n s  up t o  4  MeV 
was s t u d i e d .  The p i c t u r e  o f  t h e  beam 
phase  b e h a v i o r  i . e .  t h e  dependence  
s i n  9 ( R ) ,  i s  o b t a i n e d  by t h e  a n a l y -  
sis of  s e r i e s  of r e s o n a n t  c u r v e s  
I (H)  f o r  t h e  d i f f e r e n t  v a l u e s  of r a -  
d i u s  o f  t h e  p r o b e  p o s i t i o n .  P r e l i m i -  
n a r y  we found  t h e  c u r r e n t  dependences  
of t h e  beam on t h e  radJus f o r  d i f f e -  
r e n t  v a l u e s  o f  t h e  magne t ic  f i e l d  
s h i f t s .  

The p o s i t i o n  of t h e  p h a s e  band c a n  
be a l s o  found  f rom t h e  c u r v e s  I (R1  
f o r  t h e  d i f f e r e n t  v a l u e s  o f  t r i m  co- 

The w i d t h  of t h e  p h a s e  
=0.75f0.8,  d e t e r m i n e d  ex- 

a  good agreement  
t h e  i n i t i a l  i o n  

The p o s i t i o n  o f  t h e  i n i t i a l  o r b i t s  
of t h e  i o n s  w a s  found w i t h  t h e  h e l p  
of a  s p e c i a l  p r o b e ,  h a v i n g  a  na r row 
( 0 . 5  mm) v e r t i c a l  e l e c t r o d e .  The r e -  
s u l t s  o f  t h e s e  e x p e r i m e n t s  showed a  
good agreement  w i t h  t h e  d e s i g n  r e -  
s u l t s  of t h e  i n i t i a l  t r a j e c t o r i e s .  
When t h e s e  t r a j e c t o r i e s  were  d e s i g -  
ned ,  t h e  map of e l e c t r i c  f i e l d  o f  t h e  
a c c e l e r a t i n g  s l i t ,  o b t a i n e d  on t h e  
e l e c t r o l y t i c  t a n k ,  was used .  

The p h a s e  s e l e c t i o n  o f  t h e  beam 
c a n  b e  c a r r i e d  o u t  w i t h  t h e  c o l l i m a -  
t o r ,  p l a c e d  n e a r  t h e  chamber c e n t e r .  
I n  t h i s  c a s e  t h e  beam l o s s e s  were  
p r a c t i c a l l y  n o t  obse rved  i n  t h e  r a d i i  
r a n g e  f rom & = l 0 0  mm up t o  t h e  f i n i t e  
a c c e l e r a t i n g  r a d u i s  - 290 mm. 

The e f f e c t  o f  t h e  i o n  s o u r c e  p o s i -  
t i o n  w i t h  r e s p e c t  t o  t h e  chamber cen- 
t e r  on t h e  a m p l i t u d e  of r a d i a l  o s c i l -  
l a t i o n s  was s t u d i e d  i n  d e t a i l .  The 
a m p l i t u d e  of t h e  r a d i a l  o s c i l l a t i o n s  
was d e t e r m i n e d  f rom t h e  e x p e r i m e n t s  
s h a d i n g  one  p r o b e  by t h e  o t h e r , w h i c h  
i s  s h i f t e d  a t  120'. 

When t h e  s o u r c e  was d i s p l a c e d  f rom 
i t s  optimum p o s i t i o n  ( y o  = -8 mm) by 
some m i l l i 7 e t e r s  t h e  low e n e r g y  "spu-  
r i o u s  beam was observed .  When t h e  so -  
u r c e  i s  i n s t a l l e d  i n  t h e  c e n t e r  o f  
t h e  a c c e l e r a t i n g  chamber, t h e  beam 
v a n i s h e s  c o m p l e t e 1  n o t  r e a c h i n g  t h e  
energy of 0.5 MeV f i h e s e  e x p e r i m e n t s  
were  c a r r i e d  o u t  d u r i n  d e u t e r i u m  a c -  
c e l e r a t i o n  up t o  4  l e v y .  The r e s u l t s  
of t h e s e  e x p e r i m e n t s  v e r i f y  t h e  d a t a  
of s t u d y  of t h e  i o n  a c c e l e r a t i o n  
t h r o u g h  t h e  c e n t r a l  r e s o n a n t  r e g i o n  
( V2 = l  , o b t a i n e d  w i t h  t h e  e l e c t r o n i c  
computer .  Fig .5  shows t h e  dependence  
of t h e  a m p l i t u d e  of t h e  r a d i a l  o s c i l -  
l a t i o n s  on t h e  v a l u e  of t h e  s o u r c e  
d i s p l a c e m e n t  w i t h  r e s p e c t  t o  t h e  cham- 
b e r  c e n t e r .  The c u r v e s  a r e  g i v e n  f o r  
100 mm and 280 mm r a d i i .  I t  is  s e e n  
t h a t  t h e  r a d i a l  o s c i l l a t i o n s  c a n  b e  
reduced up t o  2  mmI3 mm by t h o r o u g h  
c h a n g i n g  t h e  s o u r c e  p o s i t i o n .  

It w a s  p o s s i b l e  t o  reduce  t h e  os-  
c i l l a t i o n  a m p l i t u d e  up t o  1-2 m i l -  

l i m e t e r s  by t h e  beam c o l l i m a t i o n  du- 
r i n g  i t s  f i rs t  r e v o l u t i o n s .  Near t h e  
f i n i t e  r a d i u s  t h e  e f f i c i e n c y  of t h e  
beam c o l l i m a t i o n  i s  s l i g h t l y  l e s s ,  

l t h o u g h  a t  t h e  f i rs t  r e v o l u t i o n s  
?over  30 r e v o l u t i o n s )  t h e  d i s t i n c t  
s e p a r a t i o n  of t h e  o r b i t s  was observed  
( F i g . 6 ) .  The o s c i l l a t i o n  a m p l i t u d e  i n  
t h i s  r e g i o n  i s  1  mmi2 mm. Under t h e s e  
c o n d i t i o n s  b u t n w i t h o u t  :he c o l l i m a -  
t o r  t h e  o r i i t s  c o i n c i d e  a f t e r  s e v e -  
ral  r e v o l u t i o n s .  I t  is caused by i n -  
s t a b i l i t y  o f  t h e  magne t ic  f i e l d  l e v e l ,  
a m p l i t u d e  and f r e q u e n c y  of a c c e l e r a -  
t i n g  v o l t a g e ,  and by t h e  d i f f e r e n c e  
i n  energy  g a i n  p e r  r e v o l u t i o n  f o r  t h e  
p a r t i c l e s  w i t h  d i f f e r e n t  s t a r t i n g  
phases .  The improvement of t h e  i n i t i -  
a l  s e p a r a t i o n  of t h e  o r b i t s ,  when t h e  
c o l 1  i m a t o r  is i n s t ~ l l e d ,  i s  o b t a i n e d  
by nar rowing  t h e  p h a s e  band. I n  b o t h  
c a s e s ,  however ,  i n s t a b i l  i t  i e s  of t h e  
magne t ic  f i e l d  and acce7 e r a t  i n g  v o l -  
t a g e  c a u s e  t h e  "mixing"  of t h e  o r b i t s  
on t h e  mean and l a r g e  r a d i i .  

Frequency measurement of t h e  v e r -  
t i c a l  o s c i l l a t i o n s  was made d u r j n g  
t h e  a c c e l e r a t i o n  of t h e  d e u t e r i u m  
i o n s .  Pound f r e q u e n c y  of o s c i l l a t i o n s  
( Vs ~ 0 . 3 )  a g r e e d  w i t h  a c c u r a c y  o f  10% 
w i t h  t h e  d e s i g n  d a t a  by f o r m u l a e  133 . 

A l l  d e s c r i b e d  e x p e r i m e n t s  were  c a r  
r i e d  o u t  w i t h  t h e  i n t e r n a l  i o n  beam. 
A t  p r e s e n t  t h e  mount ins  of t h e  beam 
e x t r a c t i o n  s y s t e m  is  completed.  T h i s  
s y s t e m  r e p r e s e n t s  t w o - s e c t i o n a l  
e l e c t r o s t a t i c  d e f l e c t o r  (40°  and 30' 
w i t h  10' f r e e  g a p ) .  The d e f l e c t o r  po- 
t e n t i a l  is  30 k v ,  i t s  a p e r t u r e  -4mmI 
5 mm. The beam e x t r a c t i o n  is assumed 
t o  be a c c o m p l i s h e d  from t h e  d e c r e a -  
s i n g  f i e l d ,  where  vt=0.8 .  The d e s i g n  
e f f i c i e n c y  o f  t h e  e x t r a c t i o n  is a b o u t  
30$, e n e r g y  s p r e a d  i n  t h e  beam i s  
+l%.  F o r  f o c u s i n g  t h e  e x t e r n a l  beam - 
t h e  q u a d r u p o l e  l e n s e s  w i t h  t h e  a  e r -  
t u r e  of 6 0  mm and g r a d i e n t  of 408 gn- 
uss/cm a r e  i n s t a l l e d .  

The beam a n a l y s i s  w i l l  be made by 
90' magnet w i t h  nz0.5. 
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Fig. 1. Accelerating chamber of the 685 
mm cyclotron. 
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Fig. 2. Yean ~agnetic field depenkence 
on a radius for three values of the field 
in the center. 

Fig. 3. Distribution functions of mag- 
netic fields of the trim coils for H = 
14000 gauss. o 

Fig. 4. Current dependences of the ac- 
celerated ions on a radius. 

Fig. 5. Effect of ion source displacement 
on the amplitude value of the radial os- 
cillations ,) J max. 

Fig. 6. The Orbit separation during 
collimating the ion beam. 

DISCUSSION 

HUDSON: Did I under stand the 68. 5- cm machine 
was put in a 240-cm magnet? 

STEPANOV: No. The 68. 5-cm cyclotron i s  a 
1 to 3. 5 scale model of the l a rge r  machine. 

REISER: What i s  the voltage on the dee? What 
i s  the spacing between ion source and dee? 

STEPANOV: Under 15 kV on the model, but 125 

kV will be used on the 240-cm machine. The 
distance between the ion source and the dee i s  
3 o r  4 m m  in  the model. 

REISER: How was the phase width of the beam 
measured? 

STEPANOV: By the Smith-Garren Method, that 
i s ,  following the changes in beam intensity with 
radius while varying the field of the concentric 
coils. 
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