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The former 4-sector centre-region model cyclotron has been modified t o  s tudy 

cen t ra l  acce le ra t ion  problems f o r  the  Variable Energy Cyclotron now under construotion. 

It is shown i n  Fig. 1. When it operated as a 4-sector cyclotron it accelera ted  protons 

t o  4 MeV at a radius  of 9 inches. The last previous r e p o r t  on t h i s  machine was given 

i n  February 1959' ) by Snowden during magnetic f i e l d  leasurements. This was a model t o  

give the same f i e l d  i n  the cen te r  region a s  i n  the  proposed conversion of t h e  Hamel l  

110 inch cyclotron. The operation was with a hooded source, no pu l l e r ,  and 25 kV on 

the dee. The machine was pulsed at 1% duty cycle. The beam cur ren t  during t h e  pulse 

was 300 4. Neutron production was observed above 2 AfeV from the  (p, n )  r eac t ion  on 

copper. A number of beam probes which were developed during t h i s  operation a r e  proving 

useful  during the present operation. 

Scaling: Considerations 

When the  model cyclotron was t o  be converted t o  a F s e c t o r  model of the  cen te r  

of the V.E.C. the question of scal ing the r i d g e  system had t o  be se t t l ed .  The law 

which had t o  be followed i n  simulating ful l -scale  p a r t i c l e  o r b i t s  with protons i n  the 

model is: 

where subsc r ip t s  m and f r e f e r  t o  t h e  model and fu l l - sca le  machines; V i s  dee 

voltage;  B is magnetic f i e l d ;  R is r a d i u s ;  A is  mass number and N is charge s t a t e  

for  p r t i c l e s  i n  the  full.-scale machine. I f  t h i s  r e l a t i o n  is s a t i s f i e d  then the re  w i l l  

be t h e  same number of proton revolut ions  out  t o  radius  Rm i n  the  model a s  the re  a r e  

revolutions of p a r t i c l e  (A, N) out t o  radius R i n  the fu l l - sca le  machine. The phase 
f 

and t h e  a x i a l  and r a d i a l  s t a b i l i t y  p roper t i e s  i n  the two machines w i l l  be the  same a t  

corresponding r a d i i .  For sca l ing  the magnetic f i e l d  i t  i s  convenient t o  make Bm = Bf 

s ince  the i ron  sa tu ra t ion  w i l l  then have a s imi la r  e f f e c t  at corresponding r a d i i  i n  

two machines, f o r  any sca l ing  ratio.Bm/Rf. This is  espec ia l ly  useful  when simulating 

a hole through the  center  of t h e  yoke, where sa tu ra t ion  is a dominant f ea tu re  of the  

r e s u l t i n g  f ie ld .  The most important p a r t i c l e s  t o  be simulated a r e  protons, because 

they have the  most revolut ions  and s o  t h e i r  phase and focusing problems a r e  t h e  most 

c r i t i c a l .  Orbits  of heavier ions can be simulated t o  some extent  by r a i s i n g  Vm o r  

lowering B,, t o  the upper l i m i t  of V, and the lower end of the BF frequency range on 
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the model. So on the  model B ~ / B ~  = 0.96 fo r  simulating f u l l  energy protonso 

ltm'Rf = 0.63, the smal les t  value permitted by the ex i s t ing  dee, with a 7/8 in. dee- 

l i n e r  spacing. This gives a 4 ino minimm gap, and 3 in. th ick ridges. The operating 

dee voltage Vm = 30 kV. From the  scal ing re la t ion ,  Vf = 80 kV, reasonably below the  

desigm value of 100 kV. 

Nach ine Descr i ~ t i o n  

The cyclotron magnet is operated at 13 kG with a power of 90 kW f o r  excitat ion.  

The RF system is a s ing le  dee and ooaxial l i n e  with a movable oapacit ive shor t  capable 

of tuning from 15-20 &/S. The coupling loop is driven by a c r y s t a l  controlled power 

amplifier. A dee b ias  of about 500 V is usual ly  used. A plan view of the  vacuum box 

is shown i n  Fig. 20 The s ing le  dee has a beam spaoe of about 2 in. with a dummy dee 

opposite it. The three Thomas r idges  a r e  shown i n  the figure. The ion source is of 

the Oak Ridge hooded type with a r e f l e c t o r ,  a 3/8 in. d i a  chimney, and a 0.06 X 0.23 in, 

beam slot .  It w i l l  t r ans la te  i n  th ree  dimensions and r o t a t e  about both horizontal  

axes. There is a pul ler  e lect rode on the  dee which is movable in-out and side-side 

during cyclotron operation, by means of wires down the dee l ine.  There a r e  three  

probes around the machine, two f o r  beam co l lec t ion  on the  f ront  s ide  and one i n  the 

dee for cut-off purposes, operated by a wire down the dee l ine.  In addi t ion there  a r e  

two control  rods near the source which a r e  now used t o  posi t ion a phosphor screen and 

a defining post t o  c l i p  o f f  unwanted beam near the  source. 

Magnetic Fie ld  

Thomas ridges were used for  s impl ic i ty ,  r a t h e r  than s p i r a l  ridges. The magnetic 

f i e l d  measurements fo r  t h e  new r idge system were made p r inc ipa l ly  with a ttyo-yow device, 

which is a system of two moving c o i l s  i n  s e r i e s ,  one i n  a h i l l  and one i n  a valley. 

They r o t a t e  i n  a c i r c l e  on the  same radius  and then a r e  moved t o  the aentre  of the  

machine. The change i n  f l u w e t e r  reading gives the d i f fe rence  i n  average f i e l d  

between the centre and t h e  o r ig ina l  radius. The accuracy is about 5 gauss f o r  t h i s  

method. Shimming t o  achieve a reasonable average f i e l d  consisted of increasing the 

r idge width at l a r g e r  r a d i i  and adding Rose shims a t  the edge. Widening the  r idges  

w a s  more s a t i s f a c t o r y  fo r  maintaining adequate f l u t t e r  t o  l a rge  rad i i .  The resu l t ing  

average f i e l d s  at various magnet l eve l s  a r e  shown i n  Fig. 3. The model has a 2 in. d i a  

hole down the  yoke t o  simulate a 3.2 in. d i a  hole i n  the  ful l -scale  machine. This hole 

w a s  l a rge ly  shimmed out by i ron  around the  hole, but its e f f e c t  is v i s i b l e  i n  the  

13 kG curve i n  Fig. 3. Also shown i n  t h i s  curve is the  100 gauss cen t ra l  bump f o r  

focusing. Twelve c i r c u l a r  trimming c o i l s  a r e  ready t o  be ins ta l l ed ,  and should in- 

crease the  usable radius  up t o  about 7.5 in. at 13 kG, or 50 turns  at  30 kV on the dee. 

Preliminary O ~ e r a t i o n  

Beam i n  the  modified model w a s  obtained at  the  end of February, 1963. The RF 

w a s  operated pulsed at  50 cycles/s, 200 ps pulse width, as before. The operating dee 
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Pig. 2 Plan view of cyclot ron a t  median plane level. 
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Fig. 3 Average magnetic f i e l d  versus r ad ius  a t  four f i e l d  
levels.  

- 
Pig. 4 F l u t t e r  versus r ad ius  for  two ~ g n e t i c  f i e l d  

levels.  B, is amplitude of t h i r d  harmonic of 
f ie ld .  B,, is cen t e r  f ie ld .  

PARTICLE RLVOWTIONS 

Pig. 5 Avorage beam current  on probe during p l s e  versus 
radius  and number of p a r t i c l e  revolution. Bouroe 
and p l l e r  of Fig. 7 m e  used here  with 13/32 in. 
separation. 
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Pig. 6 Axial oenter of i n t e n s i t y  of beam versus radius  
f o r  two f i e l d  l eve l s ,  showing va r i a t i on  of 
ve r t i oa l  o a e i l l a t i o n  frequency due t o  e l e c t r i c  
foareing. Condition. a s  i n  Fig. 5. 
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Fig. 7 Average bean current during pulse versus dee 
voltnge for two source-puller separations, 
showing puller interception of beam. 

0.36 in. along the  dee edge and 0.32 in. 

voltage w a s  30 kV. The p u l l e r  e lec t rode 

w a s  a 3 A 6  in. d i a  post placed 13/32 in. 

away from the source. After  the beam was 

centered wi thin  0.1 in., about 1 mA w a s  

obtained during the pulse. A typical  

current  versus radius  curve is shown i n  

Fig. 5. The decrease i n  aurrent  at 2 in. 

is probably due t o  d i s t o r t i o n  of the beam 

by the probe, and the decrease at 5 in. is 

due t o  a defocusing magnetic f i e l d  there,  

which w i l l  be corrected with t r i m  coi ls .  

The a t tenuat ion is  small f o r  the  f i r s t  20 

revolutions. The cen t re  spread is about 

perpendicular t o  the dee edge at 3 in. radius. 

It is hoped t h a t  t h i s  can be reduced with a beam c l ipper  a t  the f i r s t  o r  second turn. 

The v e r t i c a l  p r o f i l e  is being studied with a phosphor probe and with a probe 

divided i n t o  severa l  co l l ec t ing  electrodes. The current  co l l ec ted  on the 0.1 in. high 

middle f inger  of t h i s  probe is shown i n  Fig. 6 f o r  two magnet levels. Coherent 

v e r t i c a l  o s c i l l a t i o n s  of the beam a r e  apparent. The more rap id  o s c i l l a t i o n  when the 

magnet is below resonance is due t o  the g rea te r  e l e c t r i c  focusing because of the  more 

lagging phase f o r  t h i s  case. The frequencies of about 0.1-0.2 f o r  q7; a r e  i n  agreement 

with calculat ions.  

Another measurement of i n t e r e s t  is t h a t  of beam current  versus dee voltage as 

near the centre  as possible. Two curves of t h i s  type a r e  shown i n  Pig. 7 fo r  two 

source-puller separations. For the smaller separa t ion of 11/32 in., the  beam current  

increases with dee voltage t o  about 22 kV where i t  starts h i t t i n g  the puller. For the 

l a r g e r  separa t ion of  13/32 in. the beam is sti l l  increasing a t  35 kV. This sharp  

dependence of p u l l e r  in tercept ion voltage on separa t ion dis tance  is expected from the 

o r b i t  t r a j ec to ry ,  being Vi d4 f o r  small t r a n s i t  timese Bet ter  beam q u a l i t y  should 

be obtained when no beam h i t s  the p u l l e r  on the  i n i t i a l  accelera t ion,  so  the 13/32 in. 

separa t ion w a s  chosen fo r  f u r t h e r  operation. 

Some phase measu~ements have been made with a sampling osci l loscope showing a 

phase spread of about 50'; the bes t  beam lagging the Rlp voltage by about 20'. 

Operation is preliminary thus far. Many experiments a r e  planned on comparing 

pu l l e r  types, minimizing cen t re  spread, optimizing the centre  magnetic bump shape with 

trimming co i l s ,  and operating on the  3rd and 5th  harmonic modes. The present t r a n s i t  

time from source t o  pu l l e r  is r a t h e r  long - about 80'. A reduction of t r a n s i t  time by 

use of a smaller  diameter pu l l e r ,  o r  a s l i t  ins tead of a post, should g ive  l e s s  cen t re  

spread and b e t t e r  acce le ra t ion  on 3rd and 5th harmonic modes. 
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