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The Ph i l ips  AVF Cyclotron is  a var iable  energy a l l - p a r t i c l e  accelerator.  The 

maximum energy f o r  protons i s  about 25 NeV (alpha p a r t i c l e s  25 NeV and deuterons 

13 NeV). The features  of the  cyclotron have already been described i n  several  
'S4) .  We s h a l l  r epor t  here the progress made s ince  these p b l i c a t i o n s .  papers 4 

New caloula t ions  on the p a r t i c l e  motion i n  the  cyclotron cen t re  have been made5 1 

which give t h e  posi t ion of the ion source accurately;  ca loula t ions  on the extract ion 
1 of the  beam a r e  described elsewhere6 . 

An in te rna l  beam has been obtained and t h e  proper t ies  agree very well with the 

theoret ica l  predictions. The beam has been extraoted with an eff ic iency of about 30% 

Vacuum and Ion Elource 
1 The construction of t h e  vaouum chamber, see  Pig, 1, has a l ready been described' . 

We d id  not meet t roubles  of any importance with t h i s  chamber. The pressure without 

Pis.  1 Thr layout  o t  the  oyolotron I 1) palm rrgmrnt;  2)  yokr; l )  main o o i l ;  4 )  d u l y  do03 S) do.; 
6) trimming u n i t ;  7) d a r  vol tage  netmr; 8 )  fmmdthrough i n a u l r t o r ;  9) oouplin8 oondrnarr;  
10) o a o i l l a t o r a  11) o u t r r  rmsonmom tubr ;  12) inner  rraonmom tubr ;  11) ohor t in#  p l a t e ;  
14) pu.pin8 house; IS) vaouum pump; 16) and 17) target.; 18) ion  aouroe; 19) .nd 20) e l r o t r o -  
e t a t i c  dmfleotion syetem; 21) magnetic ohannel. 
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hydrogen i n l e t  was about 1.10'~ t o r r ,  and with a working ion source about 2.10'~ to r r ,  

We use a 8000 l/s o i l  d i f fus ion pump. 

The ion source is  of the  Livingston type. The plasma is i n  a graphi te  chimney 

with an inner diameter of 10 rmn, The a r c  is fed by a constant current  supply 

(maximum current 1 A, m a x i m  voltage 500 V). The heating current  of the  tungsten 

cathode is 200 A. During an experiment with a d.c. voltage ex t rac t ion  e lect rode we 

measured an extracted current of several  milliamps. The shape of the beam w i l l  be 
1 shown i n  another p p e r 6  . The ex t rac t ion  aper ture  i n  the chimney has a diameter of 

5 mm. We can pulse the  ion source with pulses of l me, and longer. 

Targets 

The posi t ion of the in te rna l  o r b i t s  is measured by two motor-driven main t a r g e t s  

and a simple t h i r d  t a r g e t  moved hydraulically. A l l  the t a rge t s  can be adjusted from 

the  control  room. To minimize the  rad ioac t iv i ty  the t a rge t s  a r e  tantalum-clad. 

Extract  ion System 

The ex t rac t ion  system cons i s t s  of two e l e c t r o s t a t i c  channels, separated by the  

tubes of the  ion source, and a magnetic channel. The f i r s t  1 0  cm of the  septum is 

0.5 mm carbon, and the remainder is highly polished aluminium. The negative electrode 

is 30 mm high and a l s o  of aluminium. The e l e c t r o s t a t i c  system can be operated from 

the  control  room. There a r e  e ight  independent variables. The maximm f i e l d  s t reng th  

needed fo r  extract ion of 26 MeV protons is 52.5 kV over 5 mm. A theore t i ca l  discussion 
1 of the ex t rac t ion  w i l l  be given i n  another paper5 . 

The High Freauency System 

The resonant c i r c u i t  (a quarter-wave system) consis ts  of a concentric resonant 

l i n e  with a movable short  ing pla te ,  a coupling tank, and a s e t  of four feedthrough 

insu la to r s  supporting the dee stem. 

The feedthrough insula tors ,  located near the outer edge of the main c o i l ,  form 

the  separat ion between the vacuum chamber and the line. The coupling tank adapts the  

feedthrough insu la to r s  t o  the l i n e  and houses the adjustable coupling condenser 

between the  resonant c i r c u i t  and the osci l la tor .  

The o s c i l l a t o r  c i r c u i t  is s imi la r  t o  the c i r c u i t  used i n  the  hfoscow 6-meter 
l )  synchro-cyclotron . 

The concentric resonant l i n e  consis ts  of two tubes, made by e l e c t r o l y t i c  

deposition. The shorting p l a t e  ( ~ i g .  2 and 3)  ins ide  the resonant l i n e  r i d e s  on two 

guide r a i l s ,  f ixed t o  the wall  of the  outer tube. The posi t ion of the  shor t ing p la te  

(hence t h e  frequency) may be changed by remote control  during operation). 

A l a rge  number of small si lver-graphite contacts mounted along the inner and 

outer circumference of the shor t ing p la te  provide for the contact  t o  the inner and 

outer  tubes of the l ine.  The contact  p-essure of each of the contacts is about 

300 grams. The maximum current  through each of the  120 contacts  on the inner tube is 
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Flg. 3 Vier of  t h e  s h o r t z n p  p l a t e .  

l i ~ .  2 Vtex t h r o u p h  t h e  eonoentrlo r e s o n a n t  l i n s .  
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30 t o  40 A. On the outer  tube a r e  360 

shor t ing contacts. The inner tube is a t  

dee-bias voltage,  insula ted  from the ou te r  

tube. High frequency bypass is provided 

by 250 mica condensers, located near the 

outer  circumf erence of the  shor t ing plate. 

The dee voltage i s  s t a b i l i z e d  ( t o  

b e t t e r  than 1 : 10') by con t ro l l ing  the 

Logic 
motor 
control 

I 
anode d.c. voltage of the  o s c i l l a t o r  with SW kc CIOCL 

X-tr l  clock register. 
a s e r i e s  tube regulator.  Frequency 

Rig. 4 Blook dlagrlup of the frequency control system. 
s t a b i l i t y  ( b e t t e r  than 1 : 2.10') is The frequency i s  checked against  a 500 kc crvsta l  

obtained by means of a d i g i t a l  control  

system (Fig. 4 )  ac tuat ing a trimming 

condenser. 

clock. The clock and the k i n  r e g i s t e r  each-give 
a pulse a f t e r  a preset number of cyc les .  The 
overflow r e g i s t e r  is  s tarted a t  the f i r s t  incoming 
pulse and stopped a t  the second. Pulse sequence 
determines the s i g n  of the frequency deviation, 
while the overflow determine8 the magnitude of the 
error. 

The Isochronism of the blsmetio Field 

The isochronous f i e l d  is trimmed by t en  c i r c u l a r  c o i l s ,  the currents  through 

which a r e  determined by means of a l e a s t  squares ana lys i s  computer program, described 

by verster2'.  The magnetic f i e l d ,  a f t e r  adjustment with these current  se t t ings ,  w a s  

measured again  t o  check the r e s u l t s .  The isochronism of the  f i e l d  is s u f f i c i e n t  and 

the  f i e l d  shape i s  c lose  t o  the predic t ion of the computer r e su l t s .  This is  shown i n  

Fig. 5 fo r  a mean f i e l d  of 10,415 gauss, where t h e  d i f ference  between the ac tua l  f i e l d  

and the isochronous f i e l d  is  shown. The do t t ed  curve is the  ca lcula ted  f i e l d ,  and the 

f u l l  l i n e  is  the  measured f ie ld .  The phase excursion is very small over the  whole 

region (2 6') .  
In our beam experiments we have only trimmed the main magnetic f i e l d  or  the 

frequency of the  RF system. A l l  s e t t i n g s  of the correct ion c o i l s  a r e  kept as they 

were given by the  computer r e su l t s .  In our phase ca lcu la t ions  we have assumed t h a t  

the beam w i l l  make about 250 revolution. In the  experiments we had, due t o  a somewhat 

l s w  dee voltage, about 400 revolut ions;  however, t h i s  d i d  not harm the  beam. The beam 

was accelera ted  well  beyond the resonances 

without los ing in tens i ty .  To acce le ra te  

mean magnetic induction of 10,415 gauss. 
-10 

20 

1 Protons were accelera ted  t o  an energy of 

. Gauss 
t o  as g rea t  a radius  as possible,  the  main 

Fig. 5 The deviation of  the mean magnetic induction (E) approximate1 y 14  MeV. 
from the isochronous value (BisO) a s  a function 
of radius. The f u l l  l i n e  represents the measured 
f i e l d .  The dotted l i n e  represents the ca lculated Beam Behaviour 
f l e l d .  The magnetic induotion i n  the centre i s  
10,415 gauss. The behaviour of the  i n t e r n a l  beam of 

magnetic f i e l d  was made s l i g h t l y  g r e a t e r  

than the resonance field.  

The experiments were performed i n  a 

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

Geneva, April 23-26, 1963 CYC63A07



Pig. 6 The radial posi t ion o t  the  equilibrium orbit '  at  
the aooond tupt .r a tunstion et  the radial 
posi t ion at the first tugot. The thoorat ioal  
tunotion is given by tho l i no  rt(r,). The 
urkod  points u o  r u u r o d  valuoe of tbq b e u  
position. The ourvo F(r,) givoa tbe mm radiua 
U a funotion of the posi t ion of the first 

the  oyclotron agrees well  with the  

prediotion of the theory. A 1 1  the our- 

r e n t s  f o r  the  oorreotion o o i l s  (o i roular  

and harmonio) a r e  adjusted t o  the  values 

oomputed. Thus f a r  we have aooelerated 

protons f o r  energies t o  8, 14 and 20 MeY; 

switohing the energy takes only a few 

minutes. The pos i t ion  of the beam is 

measured with two t a r g e t s  s i t u a t e d  at 

angles separated i n  aziputh by about 

140' (see Fig. 1). 

In  Fig. 6 the  radial posi t ion of the  

equil ibrium o r b i t  at the  eeoond t a r g e t  

is given as a funotion of the pos i t ion  of 

the  f i r s t  target. The marked points g ive  

the  measured values of the beam position. 

This f igure  thus indicates  t h a t  t h e  bean is very well  oentered i n  the  oyalotron. 

Due t o  the small eooentr io i ty  of the  beam i t  w a s  possible t o  aooelera te  through 

al l  dangerous resonances. This is si~own i n  Fig. 7. 
For aooelera t ion t o  as grea t  a radius  as possible the main magnetio induotion 

wee adjusted so  that at t h e  resonanoe region the pa r t io les  had a posi t ive  phase s l ip .  

In Fig. 8 t h i s  oase is represented by 0. For a s l i g h t l y  higher magnetio induction 

the  posi t ive  phase l a g  at 50 a beoomes g rea te r  so tha t  the  number of revolutions at 

t h i s  dangerous region inoreases. This o a s e s  a l o s s  of beam i n t e n s i t y  due t o  the  

resonanoes. ( I n  Fig. 8 t h i s  is shown by the  th ree  ourves f o r  whioh the  mean magnetio 

induotion is 1.25 X 10-'; 2.5 x 1e and 5 X 10-' too high). A e l i g h t l y  lower magnetio 

induotion gives a smal ler  deorease of beam intensi ty .  In t h i s  oase the  beam makes 

fewer revolutions in the  dangerous resonanoe region. (In Fig. 8 two ourves a r e  shown 

f o r  whioh the  magnetio induotion is 2.5 X 1e and 5 X lr4 too  low). A disadvantage of 

I]"  \ 

Ci#. 8 Iku inteneity u a fuaotion of radium for 
Pi#. 7 The intraai ty of tbo internal km aa a funation d i f f m n t  valurr of tha .n#ulr frequenoier of 

of tba radiua. Thr vary am11 deoreame of tLa the p t io l s r .  Tbe nominal fr*quenoy i r  
inteneity-at ? radiuf of about 50 em ir  C e  to .. - 15.90 YoA In the f i w r  tbe nlat ivr  deviations 

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

CYC63A07 Geneva, April 23-26, 1963



Session I 

too low a magnetio f ie ld  is that the beam 14 

oannot be aooelerated t o  as  great a 1 P \ 
radius. This is a lso  shown i n  Fig. 8. 

The influenoe of a small f i r s t  
3 

h a m n i o  i n  the magnetio f i e ld  is given in 
2 

Big. 9. Even a f i r s t  harmonio as large ss 
1 

1.25 gauus gives a remarkable intensi ty 
0 

dearease. 
rig. 9 T b  ku inteneity u a tunation of radius for  

d i f to r rn t  valuom o t  th. f i rs t  hamonis  fo r  
whioh the valuor .n given i n  gauas. 

1 )  N.$. Verster e t  al., Nuol. Instr. and Meth. U, 1CB, 88 (1962). 
2) H.L. Hagedoorn and N.F. Verster, Nuol. Instr. and b t h .  S, kq, 201 (1962). 
3) N. F. Verster and &L. Hagedoorn, Nuol. Inetr. and Meth. U, 327 (1962). 
4) &L. Iiagedoorn and N.F. Verrater, Nuol. Instr. and Meth. U, 336 d1962). 
5)) &L. Hagedoorn, See paper V-9, CERN Report, 1963, Conferenoe on ~ ~ O ~ O F F O O U S ~ ~  

Cyolotrone. 
6) P. Kramer e t  al., See paper V-7. 

DISCUSSION 

MARTIN t What kind of a defleotion system are you using? 

VERSTEB : We use an eleotroetat io defleotion syetem of exaotly the same prinoiple ae 
the one at Berkeley. The defleotion is at the highest possible radius whioh oan be 
obtained. 
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