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A 2jO cm pole diameter isochronous cyclotron is 
under ccnstruction for the Swiss Institute for 
Nuclear Research (S.I.N.) The design goal is des- 
cribed followed by a brief discussion of the 
machine. 

Introduction 

The 250 cm pole diameterisochronous cyclotron is 
designed for oueration in two modes : 
1. 

2. 

the acceleration of a high intensity proton 
beam ( ),lUO/lA) t o 72 MeV at a fixed frequency 
of 50.7 MHz (jrd harmonic) for synchronised in- 
iection in the jq0 MeV S.I.N. ring cyclotron 
i"in,iector mode"). 
the acceleration of beams of light and medium- 
heavy ions to a wide range of energies for 
nuclear physics use. The maximum energy for the 
various particles is lj4(Z/A)'MeV/nucleon, 
corresponding to a rigidity of 16.6 kGm. The 
maximum proton energy will be 75 MeV corres- 
ponding to 17.1 MHz, the minimum energy is 
5 XeV/nucleon in first harmonic mode and 0.6MeV/ 
nucleon in third harmonic mode ("variable ener- 
hy mode"). r 
A survey of the parameters for the various beams 
is given in Table I and in the operating diagram 
(fig. i). 

Table I 

P 72 MeV 2100 PA 50.7 MHz (3rd harm.) 
P lo- 75 MeV 25 PA 
d lo- h5 MeV 

4He2+ 
25 PA 

20-130 MeV 15 PA 
l&.7-17.1 MHz (1st harm) 

+&2+ 15-150 ?leV 15 pA 

A beam quality of 30 mm mrad, normalised at 50 MeV, 
805 of the beam, is expected both in thehorizontal 
and in the vertical phase plane. Energy resolution 
will be better thanO,jl$ &FWHM)I,About 2 pA of 
medium-heavy- ions, like -C +, 1 LN 'I+, 1'304* kill be 
available. The main parts of the cyclotron are 
shown in figs 2 and 7. The magnet has a fourfold 
>ymmetry, tile hill gap is 22 cm, the valley gap is 
'$2 cm and the maximum spiral angle jj". Twelve 
pair?; of concentric correction coils and four pairs 
of harmonic coils are installed. The particles are 
Ciccelerated in a one dee, dummy-dee geometry. Iwo 

;rpar;tte RF-sy-:tcrrc;are provided to excite thib dee: 
a driven 50 MHz-system (injeri.or morlr) and r7 f&.7- 

17.1 \IHz self-oscillating system (variable energy 
,110 tl P ) . ‘The ~ilcntcn sysLcm coi15i$tts of’ a !4Lainles:, 
,;tcel vacuum chamber pumped by two oil diffusion 
pump.~ prox.idi ng an rf’fective pumping speed 0 f 

l-,,tjOO l,":,. ,1tlditionnlly, a cryopump operntilly dt 
a 20 K Lerel is installed. 'The correction coils 
.L’C loca?cd in 8~ ,+rparate vac~~~tm chamber at ;rn 
i ~lterr:ierl i ate pres~3ure. Particles arc L~roduced 
pi ther by II rad~atly ~nsertcd hoodctl-arc II)~I ~~o~ux~ 
or by an axial in,jrction sysI,eI11. Chey are ex-Lracted 

by- ,xrt electro~tntic deflector, a dcflcction coil 
din1 I‘I,LII.~~cJ iI1 a mn;rne tic chnnncl ( iron). 

!lagnetic f ieltls 

I IL rile in ~cctr)r rnodr rhe nlague t Ic fi elrl IlttS to llr 
~.,>C!l~.'5!l'?ll' .tr i!kc freqtjerlcy 0 f jCl.b7 VlIx and 
2 imull iillc(,llhly I be fringing field has to be .-;ilit- 
;~l)le f'or L)t'c~e,~-: i<)naL vst r;~ction <iz the rrquirrrl 
c,,crgy I> I' ;2 'I+?\ . OIl(.~ the rn,rg:rl~t~ KU,' llilh been 
ciiu-ell, t1icie i'e(L" i,'cai!leir! 5 If~Ul L I, iln c~xtl'ilc I i Cl71 
rilil ,111 41 I 1 .(I;'1 111. lus t l,<. 1'0 L'C' c~xlr;~ct.~on radius 

an iron ridge is mounted on the hills to obtain a 
rapid decrease ofti with radius. The measured field 
shows a maximum phase excursion of 35O at a dee- 
voltage of 70 kV. Extraction takes place at 3R = 
0.92 (fig. 4). The variable enerpv mode is designed 
on the base of a constant orbit pattern (500 revol- 
utions). This requires a maximum dee-voltage of SO 
kV. A representative series of magnetic fields has 
been measured. They allow the acceleration and 
extraction of the various beams mentioned in Table 
I. 

RF-systems - 
'The 180 degree dee is in both operating modes part 
of a quarter-wavelength resonator (fig.2). The 
variable energy RF-system includes feed-through 
insulators and two parallel coaxial lines in air 
with movable shorting platesg This self-oscillat- 
ing system has two power oscillators with a maxi- 
mum output of 120 kW each which are capacitively 
coupled to the resonator. The coupling is in air, 
close to the feed-through insulators. The oscilla-. 

tore are of the grounded grid type with ceramic 
triodes and variable capacitive feedback. A DC-bias 
is applied to the dee in order to prevent multi- 
pactorin 
than lo- 4' 

The dee-voltage is stabilised to better 
, the frequency to better than 10-j. The 

latter stabilisation is achieved by- regulating the 
position of the shorting plates and two trimming 
capacitors. A driven multi-stage amplifier is used 
for the iniector mode since its phase must be 
locked to the RF-system of the ring cyclotron. The 
power is transmitted from the final 250 kW ampli- 
fier stage (AEG-Telefunken) by means of a j0 fi 
rigid coaxial line, a 5Ofi vacuum feed-through and 
is capacitively coupled to the dee. In this mode 
the quarter-wavelength system is defined by a short- 
ing bar inside the vacuum chamber, capable of 
carrying a shorting current of 15,000 A (peak) at a 
current density of 50 A/cm. The dee-voltage IS 
stabilised to 10-j. Phase differences with respect 
to a master oscillator are limited to less than 1 
degree. 'The impedance of the amplifier Load is hcpt 
at j0fl with a VSWR better than 1.4. L'he RF-systcrrt; 
and the vacuum chamber were built 
our factory (fig. 5j..4 vacuum 'of 10 

,gd ashetnbled at 
rorr was 

reached during the euperimentti. Tn the variable 
energy mode the complete frequency range was to-i- 
rd, the 3ysLcm operated as expected. In the experi- 
nlerlts with the .jO HXz system 110 DC-bias oil tire dee 
was :ubed which is pos;ihle in a driven RF-svstem. 
In the steady -tate multipuciorirlg i,- avoided 1,~ 
reducing the relevant RF-gaps ~ufficienlly. Yt.,lrt- 
ing i.5 accomplished by appll-ing a 20 hW Lbowcr ;i eL> 
with a 2pu- ri>e Lime. During the built-up of tbc 
[lee-voltage ( 2Ofi.5 j tl , le rcginn in hlLic1: m~llti- 
pat-toring might occur will then Iravel along t11e 
dce AI, fast Lhac a discharge cannot devcl~~p. Tllr 
(j--Value of Lhe "1-z Lrm Iurned ~UL Lo be T'tOU, T'C- 

qtLlring 77 hW for 70 IrV dec-voltage, without beam 

IllaI. 1011 rolirCe* LLI~L ;rxi,tl inJcction 

A hooded-arc ioli source can be brought in radially. 
,lt nl'r: IBOWPI Levels of 1 IiW this sourrc ir operalctil 
wit,h one "col(l" cirthotie .irrd a llc.lie~l 1’i LnnlcIlt. I’tlC 

Light iO!l.S g~rp L)roduccd in this way. 1'1~~ t'il;~mr~ttt 
can be replaced rasil)- by a ;ecollil cathotir. i‘lie 
io,,rcc Will the11 he opel~ated at il 5 LW l?\Cl 1'111 
the produc tioll 0 f the medium-heav> 101~~. IhC 
f'ca:,l~rc~ tjf ii bia-et1 io,, "0,11'('(' 1x1 tile c,! (‘1 rltrO[l 
cerltrc (0 be used to produce it high-inlcll*it), 
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well-centred proton beam with goodbeamquality and 
large duty cycle as well as the construction of 
such a source are under study. 
The axial injection system may be used in different 
ways, inp<articular: injecting a high-current, good- 
quality beam Prom a duoplasmatron, or a low-current 
moderate-quality beam from a polarised ion source, 
111 lirsL AS well as in third harmonic mode. .A sys- 
tem has been designed that is sufficiently flexible 
to allow the various operational modes. It consists 
of the following main parts : 
1. Underneath the cyclotron two external ion 

sources are located : a polarised ion source 
will be installed by the I-niversizy of Basle; 
a duoplasmatron (ORTEC’) with associated beam 
line is used to produce the high-intensity pro- 
ton and deuteron beams. A switch magnet allows 
the alternate use of these sources. 

2. A beam guiding system is placed inside a j0 cm 
diameter axial hole in the lower part of the 
cyc In iron magne t yoke. It consists of two trip- 
lets of magnetic quadrupole lenses of large 
apert,ure (90 mm), two sets of movable x- and y- 
slits, two Faraday cups and a buncher. 

3. The beam is inflected by a plane electrostatic 
mirror, housed in a cylinder that is electric- 
ally connected to the dummy dee. Electrodes are 
attached to this cylinder defining the acceler- 
ating electric field in the first gap. 

Scleral theoretical and experimental investigations 
have been carried out. k’e mention here a study of 
the properties of the inflector optics 3, central 
region studies and measurements of the residual 
magnetic fields at, high magnet excitations 4. This 
last work led to the construction of an iron shield- 
ing cage underneath the cyclotron (fig. 3) and io 
the application of a solenoid inside the axial hole 
k-lth the purpose of compensating for the stray fields. 

Central region 

An extensive szudy of the particle orbits in the 
central region has been carried out, using the 
magnetic analogue method r, , b . An automatic magnetic 
field measuring machine was built to facilitate t,he 
investigation of different central region geome- 
tries i . With the electric field data obtained from 
these analogue measurements we are able to calcul- 
ate the particle motion in the horizontal and vt‘r- 
tical phase plane. Special attention is paid to the 
de.>iyn of this central region since, due to the two- 
Culrl pUpo.*e of the cyclotron, both first and t,hird 
harmonic mode accelaration mutt be pas:-ible. Betid&, 
the cy~iu~run must operate with a normal internal 
ion source and h:t,ll an axial irijec t,ion syiterr!. 
The-e different .+ituat,ions give ri~c, t’or in-;t.it~cp, 
to different rnergy gains in the first gap crossing 
.IIld , con+eq8iciltly, rlif.fcrewt orbit centre po,ition$ 
;liLd vertica1 l’ocil~:~illg. Optimi:.at ioll 0 f thr cenirrl 
regon illclutlc* : maximum horizontal and x-ertical 
phu.,e plailc ,iccept,3ILce, mssimwrl time phare accept- 
i,liC t’ ) minim~rn rpread 01 orbi L centr~s for tliffereni. 
i t drt i 112 pli:ri c Y ( 7, i Y i 3:: of bngitudinal dnd trdns- 
ucrie 0-c illations ) aild minimum displacement. of r.he 
clrblr ('<'Ilt.l'E I'rom t,11c c~cl~ltr~.lrl ('C'[lLl'c?. By .,ll"piriy 

the ,~ecel~racing gap .*nd tllc rlee-apcrt,ure a;-’ a 
~II nc t !,):I 0 f rz~rli 113 and carefully +clcc t,ing t,lle 
llli 11 CT irtlgle (eipeciull,v sen.si t ivr in t.hird h;trmo- 
lkic 0perzLj.ion) and its posit ion w-e 11;i~e 11een able 

10 t’ilitl ii cvntt‘irl ~‘cagiilri corll’ig:rir,~tinn wh!c!l 
<>l:ct ,‘. .- <Lbl;uL 3iiCi-Jrut~ iru lnrd !10r I LOCI tally iblld 

1,ll~lO nun mr,td 1 ertic ally (~iorn~ali scd lo IO 1,1:1')i1rttl 

,illre tt1,111 10 'i ot' LII? t,l:;rl ItI‘-period in the di ?Ir- 
I‘l’llL I:I(I~Icil. l”iY. 1, ,.huw+ r, lay-r>u t. 0 1‘ t tie ten cri11 
11’gitrrl h! ill tiic, cs,trlk;)L<,- 01 oI,bl t3 1’01, 1Ii1’1~~r~~~ril. 
,i:o (1 c . . cst’ ctpt~rdr ioil. ‘The orbit co~,tt’c il~rvz~d d~rrs to 
t II<. 11 i I I’t>~‘,*rif .-t ,lrt i”g i)lla-ci,: ,~c,+ril i :, ill il 

distributizn of the particles over an area of 
about 2 mm . In all modes of operation the beam is 
centr’ed within 2 mm. 

Extraction -- 

The particles are extrarted by a 40’ electrostatic 
deflector, followed by a deflection coil and a 
focussing magnetic channel. An orbit separation be- 
fore deflection 1s xo be generated by- a first harmo- 
nlc magnetic field component causing a precessional 
motion of the orbit centre beyond the radius where 
SR = 1 8, 9. Calculations show that, for instance, 
t.he proton beam in the injector mode can obtain a 
total orbit separation of 5 mm with a first harmo- 
nic of 1.4 G. Extraction takes place at 3R = 0.32. 
Fig. 7 shows a stroboscopic picture of the motion 
of nn area of 25 mm mrad in the horizontal phase 
plane during the lnh;t revolutions. ‘The phase plane 
acceptance of the total extraction system is also 
shown. The extraction efficiency calculated is Lnore 
than 80 $ in this case; about 10 $ is lost on the 
front part of the septum. 
The electrostatic deflector consists of a copper 
septum and an aluminium electrode. The gap is ij mm 
and the maximum voltage will be 70 kV. The deflect- 
ion coil has been measured to give a maximum field 
drop of 2,000 G together with a positive gradient 
of 500 G/cm. Separate windings secure Lhe compens- 
a-tion of disturbing fields outside the coil. The 
magnetic channel, consisting of three iron bars, 
gives a maximum gradient of 1,000 G/cm, which can 
be adjusted during operation by changing the rela- 
tive position of the bars. This extraction system 
has a calculated acceptance of 30 mm wad in the 
horjzontal phase plane and 30 mm mrad in the vcr- 
tical one. Special attention has been paid to the 
focussing and dispersive properties of this system 
in order to minimize the effective enlargement of 
the horizontal phase space area by the dispersion 
in the external beam. 

satus 

The cyclotron is being assembled at S.I.S. 
The magnetic fields were measured in lq;r!, and 
the RF-sysLems were tes~cd in 1072 in our factor,?- 
in Eintlhoven. The f iI.5 i internal beam cspchr iments 
are scheduled for August l();j. 
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Fig. 1. 
The energy range for several particles. 
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Fig. 2. Fig. 2. 
izontal cross-section of the cyclotron. izontal cross-section of the cyclotron. 

ion source, T : target, P : ion source, T : target, P : 48 - 52 MHz power 48 - 52 MHz power 
llfier, C : llfier, C : ‘iOncoaxial line, S : shorting bar ‘iOncoaxial line, S : shorting bar 

31.7 31.7 YHz operation, M :, YHz operation, M :, movable shorting plate movable shorting plate 
\-nriable energy mode. \-nriable energy mode. 

ipi B 3. 5. 

\ ‘CAT+ tri’ \‘t~c~lur~! c~l~t~~r~l)er ~1111 RF-s~,>tem rlurir1g tc*yt 
,,f rhc* I’:, rlllhoverl rcrc tury . 
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Fig. h. 
Diagram of% -- 32, Curve 1 : 72 MeV 
2 : 67 MeV d, 

p, 
5 : 22 YeV d. 
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Fig. :j. 
Vertical cross-section of the cyclotron. 
D : duoplasmatron ion source, S : switch mitgnet, 
I : iron shielding, B : axial injection beam 
guiding system, M : el.ectrostatic mirror holder. 

!I PI IO! Oer,rl 

I’Od! 
-c.o75 t,,.*, p3 I ax5 c> ‘I’ ,1- -. ‘y”< \; ----? 

-+ ~ . ,, . T..’ . OCYO ) _. ,: ~WII UTKCICTYI KCEPl*IICE 
-.&---...&... --r’E?! %!!- 

1.530 IO>5 W‘O IDI5 Lo50 I.055 U160,ml 

IFig. 7. 
strolH~r(~llpic \-if\+ of 25 iim rIl?~iill ph;*.c [)I dllC rll',!<,- 
in ihe vxtrnctiori regioll. 

‘~(~rit.ritl region geometry lil i.h i rlt,f~rrlaL iourcr. 
I)rii!+:l : “(‘0~1~ I dn t, urbi / ” ptw 1 i (‘1~ t.ra.icc~ t 01’>- 1’0 I’ 
i il.-t -Ii;rrmollic r.~orlt~; dorhc~d : piwl,ic I e it iw t i rig 
c i t h :,ii:w ini I ix1 voud i 1 iori-, i 11 t,tiil-ll-li~LI,It11,11I( /- 4 
11:011~’ (;I, l,L ll~‘o-\.I)I t;tgc illId 50 YHZ). ‘;sL Itls;l~rt, :,hl,W, i 
I I!(* gi’omctr’y 1’1~1. :~siul iii,jc;rt ior,. Q 

! 
l__/ I 

259 


