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A t  the 1962 Los Angeles conference on sector-focused cyclotrons, the project  

and design s tud ies  f o r  a 45 MeV proton cyclotron fo r  the University of Milan were 
1 reported' . In the  pas t  year the  magnet, its motor-generator s e t ,  and the power 

supply were del ivered and ins ta l led .  In the meantime other components, notably the 

magnet coi ls ,  were b u i l t  i n  our shop. Thus, the construction of the cyclotron is now 

f a i r l y  well advanced, and t e s t s  of magnet performances a r e  jus t  s tar t ing.  

In t h i s  r e p o r t  the s t a t u s  of the project  w i l l  be s u m r i z e d ,  and a few d e t a i l s  

added with regard t o  components modified s ince  the Los Angeles conference. 

The Maanet 

It may be reca l l ed  tha t  the Milan cyclotron has a pole diameter of 166 cm, and 

th ree  60' s t r a i g h t  (Thomas) sectors. The magnet assembled, but with the pole t i p s  

taken apar t ,  is shown i n  Fig. 1 and 2. The shallow sec to rs  t h a t  can be seen on the 

poles a r e  grooved t o  accommodate the trimming c o i l s  (of which there  w i l l  be 8 pa i r s ) ;  

they remain outside the vacuum chamber. On these shallow sec to rs  a r e  t o  be mounted 

two c i rculab i ron  pla tes ;  they serve as the l i d s  of the vacuum chamber, and a l s o  

support the inner sectors. One of the  p la tes  with the inner s e c t o r s  bolted on it is 

shown i n  Fig. 3. The pole t i p  configuration is i l l u s t r a t e d  i n  the exploded view, 

Fig. 4, together with the vacuum chamber. 

The mechanical construction of the  magnet w a s  qu i t e  sa t is factory .  Errors i n  

pole piece paral le l ism and v e r t i c a l  alignment were measured and found t o  be well  with- 

i n  0.05 mu. 

The 200 kW motor-generator s e t  w a s  i n s t a l l e d  and tested. Its performance meets 

the  requirement of supplying current  constant t o  1/10. over 3 minute time intervals.  

Field Afeasurinr Arra~wemea 

The magnet measuring system is designed t o  record the  da ta  taken at any chosen 

radius with a minimum displacement of 2' i n  azimuth. The posit ioning equipment 

consis ts  of a f ixed pla te  with 180 peripheral  s l o t s ,  and of a r a d i a l  beam which c a r r i e s  

the  probe. The a z i m t h a l  movement of the  beam is driven by compressed air; the  r a d i a l  

posi t ion is s e t  manually by means of a long precis ion screw. The posit ioning e r r o r  

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

CYC63F01 Geneva, April 23-26, 1963



Fig. 1  Cyclotron 81iihgnet. Ovcrsl l  d i n ~ e l ~ ~ l o n s  are 41+2 X 21~5  r 120 cm 
he i gh t ;  pole  d i a m e t w  1s 166 cm. Niches on frame Legs arc 
f or  jacks to  l i f t  the u l ~ p o r  ha l f  o f  me l l e t .  

F ig .  2 hlagnst gap with grooved shillloir sc , : tors .  

Kit. 3 Inner s o o t o r s  aounlad on circular iron p la t e  !vllieh doublos 
as ~ n r t  of  tile vacuum tank m l l .  Po l e - t ip  eountouring 
sliorrn i r  n o t  yo t  l i n n l .  
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4 s  expected t o  be 2 0.01 cm r a d i a l l y  and 2 25 

seconds of are a z i m t h a l l y .  

The probe is a Hall generator ,  

Siemens FC 33; its temperature is cont ro l led  

t o  wi th in  0.05~ C by c i r cu la t ed  water. The 

cu r ren t  through the  Hall p l a t e  (100 mA 

2 0.01%) is supplied by a s t a b i l i z e r  designed 

i n  our laboratory. The Hall voltage is 

amplif ied and measured by a 5 - d i g i t  voltmeter 

(Electro-Instruments, Model 3500) with a pre- 

c i s i o n  of 0.01% The Hall generators  are 

ca l ib ra t ed  agains t nuclear  magnetic resonance 

s igna l s ;  t o  provide the  reference f i e l d  our 

o r ig ina l  model magnet has been modified. With 

new tapered poles of ARMCO iron,  up t o  21 kG 

a r e  obtained wi th  f i e l d  gradients  of 0.3 G/om 

i n  t h e  cen t ra l  region. 

In making measurements, the  probe is t o  

be Set  m u a l l y  a t  the  des i red  radius ;  then Fig. 4 ~ x p ~ o d c d  vicw o f  p o l e - t i p  n s s c d l y  and vclcuum tank. 
1 )  lower po lo  o f  mngnct, 2 )  s h a l l o w  s e c t o r s ,  

the  d a t a  is taken automatical ly,  the  probe 3 )  t r imming c o i l s ,  C) c i r c u l a r  i r o n  p l a t e  su l lpo r t -  
i n g  t h e  i n n c r  s c c t o r s ,  5 )  i n n e r  s o c t o r s ,  

being swept az imtha l ly .  Measured Hall vo l t -  6 )  vacuum tank  w i t h  pumping po r t s .  

ages and o ther  re levant  information a r e  punched 

i n t o  mmls and tape ready f o r  computer evaluation. 

A l l  the  pa r t s  of t h i s  measuring system were t e s t e d  and found sa t i s f ac to ry ,  

except f o r  the  posi t ioning p la t e  the  de l ive ry  of which w a s  delayed. 

Central Repion 

A fu l l - sca le  model of the  c e n t r a l  region was b u i l t  t o  study the  e l e c t r i c  f i e l d  

pa t t e rns  by means of an  e l e c t r o l y t i c  tank. The e l e c t r i c  f i e l d  w i l l  be measured i n  

the  median plane, and approximated with a s e r i e s  expansion outs ide  t h i s  plane. 

A computer program which in t eg ra t e s  the equations of motions, by t h e  Runge- 

Kutta method, and follows the p a r t i c l e s  up t o  the  5 th  tu rn  was prepared and tested. 

The f i r s t  trials with the  e l e c t r o l y t i c  tank were made t o  e s t a b l i s h  the prec is ion  

a t t a i n a b l e ;  the e r r o r  i n  the  measurements turned out  t o  be of the  order of 2%. 

Resonator and RF Power Supply 

The RF resonator  is the  only major component i n  our cyclotron where considerable 

changes i n  design were made s ince  the  Los Angeles report .  It was s t a t e d  then tha t  we 

proposed t o  improve the  mechanical design of the resonator ;  fo r  t h i s  purpose a 

second ful l-scale model w a s  buil t .  The s t ruc tu re  of the  new resonator  r e t a i n s  the 

bas i c  f ea tu res  of the  old one. It cons i s t s  of a s i n g l e  180° dee a t tached t o  a stem of 

rec tangular  cross-section. However, the shor t ing  plane which terminates the RF l i n e  
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Fig. 5 Cut-awny view of PesOnntor box. 1 )  vacuum tanlt, 2 )  dee,  3) dee-stem 
c n n t i l c v e r c d  s t r u c t u r e ,  l+) l o v e r  movnble pone1 (upper one no t  shown) 
5 )  panels  d r i v c ,  6 )  s h o r t i n g  planes,  7 )  dee-stom support .  

is now fixed ra the r  than sl iding.  The des i red  range of resonant frequency va r ia t ion  

(from 17 t o  22 MHz, a s  checked with model measurements) is obtained by posit ioning 

two panels p a r a l l e l  t o  the dee stem good e l e c t r i c a l  connection a t  the ends of the 

panels is assured by a r rays  of fingers. This design reduces appreciably the problems 

of mechanical construction. 

Fig. 5 shows a cut-away view of the resonator box, and Fig. 6 a hor izonta l  

cross-section through it. The various parts of the resonator and vacuum tank a r e  

now being bui l t .  

The RF power s e t  is a commercially produced generator (Marconi Italians, Model 

AD 312) o r i g i n a l l y  designed f o r  short-wave broadcasting. It is of the NOPA type, with 

a f i n a l  s t age  using two BR 189 tubes i n  push-pull t o  de l ive r  a maximum output power 

of 120 kW. The s e t  has a l ready been assembled i n  the equipment annex (Pig. 7). 

Reference 

1 )  A. h c c i o ,  G. Pavanati, F. Resmini, C. Succi and G. Tag l i a fe r r i ,  Nucl. Instr .  and 
Meth. 18-19, 74 (1962). 
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Fig. 6 Horizontal section of resonator. 

D ISCUSS I O N  

BLOSSER : You mentioned t h a t  you plan t o  in t eg ra t e  a x i a l  equations of motion i n  the  
e l e c t r i c  f i e l d  obtained from e l e c t r o l y t i c  tank data. This r equ i re s  second der iva t ives  
of the  potent ia l .  I wonder i f  you had considered the  e f f e c t  of your measurement 
e r r o r s  on these de r iva t ives  and whether the  de r iva t ives  would be meaningful when such 
e r ro r s  a r e  considered? 

RESXfINI : We a r e  now inves t iga t ing  the accuracy of the  measurements so  I cannot n o w  
give the magnitude of the e r r o r  which we have i n  f i e l d  components. 

LIVINGSTON : When w i l l  t he  machine be f in ished?  

RESNINI : The magnet is assembled. The inner pole sec to r s  f o r  producing the  correc t  
magnetic f i e l d  configurat ion have been ca lcula ted  from model magnet measurement but,as 
is well-known, the magnet f i e l d  can be properly checked only on the  fu l l - sca le  magnet. 
Ne intend t o  spend a few months on magnetic f i e l d  measurement. Perhaps the  machine 
w i l l  be completely assembled i n  the f i r s t  months of 1964. Then we s h a l l  begin with 
beam searching. 

TICKLE : When you use Hall-probe cont ro l  currents  as l a r g e  a s  100 mA, i t  may introduce 
an e r r o r  i n  the  measurements when you go r a p i d l y  from a region of s t rong f i e l d  t o  a 
region of weak f ield.  This is due t o  the va r i a t ion  i n  the  power d i s s ipa ted  i n  the  
probe and t o  the thermal r e s i s t ance  between the  semi-conductor layer  and the  outer  
surface of the  encapsulation. 
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RESMINI : Yes, t h i s  is  true. We have made some tes tson our reference magnet by 
sweeping the  magnetic f i e l d  rap id ly  from 9 up t o  20 kG and vice  versa. We have 
observed a very good reproduc ib i l i ty  of a few parts i n  10,000. 

T I C K U  : This must imply t h a t  the thermal time constant is r a t h e r  short. A t  UCLA, the 
Berkeley group reported a time constant l a r g e r  than one minute. 

RICHARDSON : In t h i s  connection. I might mention t h a t  Martin Smith of UCLA has 
developed a teohnique of automatically conpensating f o r  the change i n  power and temper- 
a t u r e  i n  the  Hall plate. T h i s  coneis ts  of the  simultaneous measurement of the Hall 
voltage and the JR drop i n  the  plate. Feeding t h i s  information i n t o  a computer program 
yie lds  B independent of the temperature. This technique has been checked over a temper- 
a t u r e  change of 10 '~ .  

RESNINI : We plan t o  check frequently the Hall probe by a nuclear magnetic resonance. 
Regarding the thermal d r i f t  of the Hall pla te ,  we f ind t h a t  our method of keeping the 
temperature constant  works well ;  from the f i r s t  measurement w e  have found t h a t  i t  is 
not necessary t o  r eca l ib ra te  the  p la te  very often. 
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Pig. 7 RF power set .  The contro l  panel can be scon in l e f t  foreground 
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