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Summary 

4 590 MeV ring cyclot.ron, using a 72 bIeV 
cyclorron injectcr (Philips design), for a cw proton 
beam of 100 11-4 at 50 ;LIIIz is under construction at 
the Swiss Institute for Nuclear Research (SIN), near 
Villigen, Switzerland. 

While the mechanical assembly approaches 
completion, tests of sub-sections of the machine are 
being carried out. A l/4 ring section, containing 
internal elements, was investigated under opera:ing 
conditions. Resuks are presented and discussed. 

Fig. 1 SIN site, November 1972 

Intrcduction 

‘I%e institute is financed and operated by xhe 
Sx+is Confederation. I I. It i:j an annex institution of the 
Swiss Federal Institute of Technology (ETH). The 27 
acre site of the SIN laboratory near Villigen is in 
close ceighbourhood to the Swiss Federal Institute 
for Reactor Research (EIR) of Wtirenlingen, about 40 
!<XI v‘cst oi the Zurich nirpor:. The m;lin c~oal 1 b 1s to 
provide inrense meson be:-ims t.o experimental groups 
i’r~n: Swiss -universities ::nd from other research 
l:.l:orator;cs. Protons, as primary particles, are 
;ccslcra:ed in two stages to an energ;: 0; aboul 590 
\I?\~. The iirs:: .st8ge i.5 ~1 coi:x rntiollal ,A\‘F-cyclotron; 
tieSigi:cd i‘cr ~11~ accelera:ioc pi’ protons ai. ;ixed ener- 
gT;?- i,~lcl high i;cai*: ini;ciisixlc*s, xi xvell 3s cl, a part.i- 
cl,; ;p,;;i Ltrcj.,.~~. ;u,~.-; a~ v,ir*iaalr ex;ers;;. 1111s i eatK:re 
c.i-;o en:!l)?es the rescarcll on n.;clenr sin~clure- 
pii; .h i c s ~ ’ 1:;.IlCh IS n i’:rli! ,?:’ r,cli~.!il,~,- ci’ crx. -prp~l CYI i . ,d ~I A.,.: 
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Fig. 2 Layout C’ the SLN expt?lYxiinta1 hall 

‘Table I 
Expected a -beams at STK 

The li.tng Cycle: r’cn 
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rntiisl ran&;e “rofi: COO ;o J(iO cn‘ I. -ri;c: 1:;.3,/1:t,t 5c’c’:c’I”< 
are .sli,~lli.ly .spir:.lled (33O) since pure fluI I c.r-1’ocils- 
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by indi%,idual 250 kV RF power amplifiers, jointly 
driven by a highly stabilized master oscillator. 
Xi:oltage and phase control are provided in the cir- 
cuits?. 
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Fig. 3 Plan view of the SIN ring cyclotron 

The stainless steel vacuum chamber sections 
are directly joined to the rnzignet poles by flexible 
l.r-elded joints. The remaining sections of the vacuum 
chamber, built of aluminum ("~'ree sections")contain 
probes, collimators, injection and extraction devices. 
The individual sections can be joined either with metal 
gaskets or inflatable bellows, carrying radiation re- 
sistnnr elastomers as gaskets. In view of the acti- 
vation oi machine componems, a main design goal 
~;as a relncivelg simple assc:mbly, nud quick mountin 
- demounting procedure for all main parrs. 

.4 combination of turbo-molecular pumps and 
titanium sublimators joined to the RF cavities, pro- 
-“;de 14,000 l/s each at 10-6 Torr operating pressure. 

The beam is injected at 72 _\.IeV in the mid-plane 
through a combination of bending magnets, followed 
by a Lnagnetic injection char<nel and brought onto the 
equilibrium orbit by means of an electrosratic in- 
flector channel. There is a comple;e separation 0:‘ 
i!ie orbits at inJection radius, assuming cavity 
..^1 Cr ,r,-,-. > .JLru5b” ; -” 4 “‘3 ‘-I,’ T,-:it!? yA.j,rq t 1 5 Tire77 enerhzr gnin 

per revolill.ion :he radial gatn is 6 mm near ex- 
..racl:ion radius, increasing to -8 mm at the ex- 
‘rxc;lon Taint due to the turnover oi -he magl;elic 
tield gradicn:-. Jncotercnt r.-tdinl beam amplitudes 
~111 be o!’ t.he order o< 3 to 4 mm in this region. The 

. . exYt.rrCcLlOn sys:.em cocsis:.s of a 1. 2 111 ClectrOsXatic 
chnnnel of 30 liV/c:X with ;i cery :.llin Sk3piL.iIl (?,iO), 

placed iii a “;‘ree section”. It is iollowed by a mr,gne- 
ILC .‘ocil.;bii;;? elernen: 4?0 dowr:strearn and an c’x- 
r;-tct.i.on sc.phm rr::i;~r:e': !)O” dowiisi.realr. For such a 

s~s;.i’m c,r’.raciion rates of’ :ibo,,c 90 ‘ij, hnYe bcec coils- 
putcd8. 

Se:-c ml probes will br: used t’or :iinc-up. -Chree 
;:liiItil’ilu; er probes, eniering the ring chamber from 
:i?e iA?I:i~r r:itiius, are designed 1.0 270~ the circalal.in,< 
bc:l:r: up 0 a radius corrcsponklilig to ?r 150 \I&. 
‘,\.;i 1-L .$c<,-,,-L(-!‘-LT\’ . II i ~i~ii,~SiOtl iIl’t3!>CS 2Ild Cl 11CL15.~~,r ir?!rr!!:kl 
I-?ltliUS, ik.e l)t’;i~.: can be tr:.ccd out to t,he c,xt.rnction 
I’;\ CIi.hlS . I~Tle~i~~n pairs Of' ::Cit1 -iJlieri'crill,g $FLse prof,es 
2:. cl~l’:‘c~ret~l. r::!tlii w:ll provitle ini’or:r:ai.iGn 011 iso- 
c!lroKi5lil riliri~lg Ljper;~'.iOrl. 

Table II 
&lain parameters oi the SIN ring cyclotron 

The accelerator control system’ is designed to 
use a computer as an operating aid (IBILI-1800 23 K 
3 Disc). The signal transfer to and from the control 
center is digitized and a multiplexing sysrem handles 
the flow of mformation (ROAD, Rapid Operation + 
Acquisition Dataway). The hardware is rrodular. 
Hardware and software can be adjusted to the increa- 
sing demand of automation. For the initial operarion, 
manual con%rol of the important parameters is pro- 
vided by “setpoint units”. allowing “knob twiddling”. 
In the early phase the computer ~111 mainly be used 
for routine settings and rapid data acquisition. 

This ring cyclotron, being an unconventional 
. . version of a sector tocusseu cyclotron in the technical 

sense, has gone Through several phases of stxdy and 
development bel‘ore the design was frozen and i:ibri- 
cation of the components starred. In the beginning, the 
development progressed slowly since direct experi- 
ence in accelerator engineeri::g scarcely exisred at 
ETH. Early model work, linked with theorerical 
studies, was carried out from 1063 - 1966. The m,ain 
cOncerns v;ere beam Qnamics, ~.i:e de\ eiopli:vi:i 0: 
sector nzLxgnecs, RF cavi.ties and vacuum system as 
wi-;ll as some princip4 design studies. in 1 ‘ifi 7 ii ~vns 

decided to change lhe design goal 0;‘ the injcc’.or from 
iixed energy to an additional, multi particle \.nriable 
cnerM cnpabiLL-27. \Iorca serious project studicslO al:d 
the constfllclion and testing of i’ull scale prW.ar;\;pes o:’ 
;.he main cornponi~nts :‘ollowed in the ;;pars :‘rom 1!)67 
- 1970. Encourap2cl lq ,:ilc. ,~ brood results achiericd wii.h 
the prototype’s of a seclcr Innfiner., 321 lit+’ c:-tvi1.y and ;L 
VaCllu:li c!l:im!>er s~‘s~c:ln, in spriiig 106!! the i’insl de- 
sign eners? 0I’ i;he ring u.‘as cha~!ged from ,520 10 330 
7Jei’ without basic a;:erntion 01’ the mechn~lic;ll design. 
The design lirnitattons ot’ the tl;agnets h;rd to be ap- 
pro:iched (cxcit.:ition raised by 15 ,I:,, “11:x ~lerisity ~II the 
yoke exceeding 16 I&) and a rt!:‘ined s\;s, (‘:I1 oi’ cor- 
rcct.ion coils had to Ibe de:-eiopau (mmi)c’r uf radial 
LjCC?LCIIS i!lCYC??%S<’ d !‘ron! 11 to 18). .Ai’t er r,c--mnclGn- 
ilig o!‘ the protot!.pe ;3ol<:s, an adequate rield p~.o;ilc 
i’ur 300 j.lel’ was nchie;t:d in the pro!oc:pr, mn.gnc:i. ? 
t.hat. : ime (1970), .hi, proto’.vpc 01’ :i 2 70 k\\- IiF :,ou. <‘I 
sl ngc hati pc.ri‘ortllcd wc:ll 
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and RF voltages in the prototype cavity exceeding 
500 kV were achieved, the original design goal being 
350 - 400 kV. The fabrication of the main components 
could be started. 

First System Tests 

During prototype development the conditions 
under which a combined system had to function could 
not be simulated. Figs. 4 and 5 indicate the geome- 
Erical arrangement of the main components in relation 
to the main field. 

Figure 4 

I 
,~ -' -*. . 

+ -i 
0 lm . . 

! 1 ! 

Fig. 5 Cylindrical section through ring cyclotron at 
,an outer radius 

c’om bonents in Fi ,m’i ’ L .i’ j 4 11lld .5: 

1) r?F-cnvity 
2) Electrostatic inllcctor 

5) ‘.I::gnctic focussing 
channel 

3) L’lcctroetalic extractor 6) Feeds oL’ the ‘rC 
.I) Phase probes 7) llagnet poles 

Tests under such conditions were planned as early as 
the fabrication and mounting schedule would permit in 
order to ensure the basic technical performance of the 
machine and to initiate possible design changes, The 
tests were concentrated on the following: 

1) 

-3) 

3) 

4) 

The effects of stray fields of neighbouring magnets 
upon each other. 
The achievement of accelerating voltages exceeding 
350 kV in the given magnetic field geometry (a 
basic condition for inflection and extraction of high 
intensity beams). 
The achievement of proper voltages on inflection 
and exrraction chnnnels within the existing magne- 
tic field and under RF influence. 
Learning about the problems of RF “noise” in the 
system. 

Besides getting acquainted with the problems of 
the accelerator components working together, the 
system test was valued as an early opportunity to 
start debugging the primary installations and to start 
functional testing of the control system. 

One year after the assembly of the accelerator 
had started (July 1971) we were able to measure the 
influence of neighbouring magnets upon each other. 
The total effect of seven excited magnets on the incii- 
vidual sector field was found to be a homogeneous 
depression of ~1 To, almost exactly following the con- 
tour of the hill field. With an increase of the main 
excitation by % 3 73 (which is within the capacity of the 
main power supply), this effect could be almost com- 
pletely compensated. The remaining fractions of the 
field changes were well within the 10-3 region and 
within the correction capacity of the edge shim&. 

In September 1972 a complete set of correction 
coils (TC) was mounted in one magnet of the l/4 ring 
test section. Trouble with faulty fabrication of the 
ceramic insulated high vacuum feed-throughs for the 
TC-leads caused some delay. Since RF leakage from 
the cavity into the vacuum chamber on the order of 
a few kW could be expected, all TC-leads within the 
chamber had to be protected by RF shielding-covers. 
On Sept. 30, 1972, the l/4 ring test section, con - 
sisting of three neighbouring magnets, one RF cavity, 
two vacuum chamber sections joined to the magnet 
poles and one “free section” of the vacuum chamber 
were mounted (Fig. 3). As expected, a large amount 
of water vapour, mainly from the large anodized 
aPLIm1num “UlidLCb 0 ~*--‘^^^- f the TC-assemblies had to be 
pumped initially. Baking those elements at tempera- 
tures between lOOo and 150’ C for several hours (by 
exciting the coils without cooling) helped. Within three 
days an operational pressure of 1 x 10-6 Torr was 
achieved. 

The bake-in of ‘:he cavity, which had been pre- 
viously tested as a prototype, took more effort than 
for the initial prototype assembly. Even though the 
cleaning of the surfaces by multipactor discharges 
could be enhanced in exciting the magnets to about 
10 “,X of full excitation, % 10 hours (compared to 5 - 7 
hours in the prototype) were necessary t;o achieve the 
“brake-through” for resonance conditions. Also, he 
surface ourgassing at higher voltages -cook more effort 
than in the prototype test. 

The reason for :.he unespectcd rnisbehaviour of 
this cavity was attributed to the presence of flying 
dust, carried in from the work area of the expcri- 
mcntnl hall during the assembly lime. This assump- 
Lion was verified recently, when zhe second l/4 ring 
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was mounted, taking special care of the dust problem. 
In this case, the bake-in process was similar to the 
prototype. 

Exciting the cavity of the first l/4 ring to 
520 kV for a -cotal of s 20 hours, i; was possible to 
achieve resonance voltages of more than 620 kV at 
the proper frequency. The voltage holding seemed to 
be better with the magnets excited. In the beginning 
of the test period, however, the RF resonance would 
brake down once the magnet excitation was altered by 
10 k. Later on, even drastic! changes in the magnetic 
field did not affect the RF voltage. 

The tests of the electric inflector and ex- 
tractor channels, temporarely mounted in the “free 
section” were successful. After a lew hours of bake- 
in,on both electrodes 105 kV (E = 87 kV/cm) could be 
held, the spark rates being about . G/hour without 
magnetic fields and .2/hour with the magnets excited. 
‘The RF did not show any significant influence on the 
voltage holding capability. 

The capacitive phase probes were picking up 
too much RF-“noise” originally. By adding the 
signals of upper and lower plates, this “noise” was 
reduced by a factor of 20. The RF shielding is being 
improved. 

Even though the TC-leads were well shielded 
against the direct influence of the RF field leaking 
through the accelerating gap,at 500 kV in the cavity 
about 1 - 5 V pp wcrc measured at the vacuum feed- 
throughs. Careful blocking of this RF noise is neces- 
sary. 

By measuring the temperatures of the TC- 
assemblies and the RF shielding plates under differ- 
ent magnetic field conditions, we came to the con- 
clusion that a certain amoun: ol the RF power leakage 
through the acceleration gap of the cavity could be 
carried by accelerated electrons which are created 
by iield emission and residual gas ionization. This 
effect, however, has to be irlvestigated more care- 
fully. 

Several runs during this period were devoted 
to investigations of voltage and phase stabilization of 
the cavity. No principle deviation from the behaviour 
of the prototype7 could be noticed. 
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Fig. E Trnce 0:’ di!‘:‘erent parameters taken during 3 
iypicnl l/4 ring test run at probe positions as 
itldicztcd in Fig. 3. in ihis case Lilt rrl;tirl 
inagnet excitation \vas clinn~;‘i~cl computer- 
controlled. 

Fig. 7 Ring cyclotron during assembly. A “free 
section” of the vacuum chamber is being 
inserted. The time necessary for complete 
mounting (demounting) of this component is 
< 1 hour. 

Fig. 8 Space be;weer. two magnet sectors, ready 
for insertion oi an RF cavil,>.. .41ong the 
magnet yoke TC-leads visible. [<‘langed onto 
the vacuum chamber are thtr t’rrds and 
ndjusting mechanism ot’ the magnetic I’OCLIS- 
ing channel for bc3m cs:raction (ccnT.cr). 
Left :'oreground: n CUil!ililiUll stst u.’ LuI.!Ju- 
molecular pumps 2nd ‘l’i-sublii>lntor, LO be 
i’lnnged onto the cavity. 
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A series of tests was carried out to obtain 
icformation on the x-ray dose rates at different lo- 
cations, emitted from the cavities. A significant 
depression of the dose rate by a factor of 3 - 5 (de- 
pending on the locazion of measurement) could be 
noticed once the magnetic field was turned on. In 
Fig. 6 a typical measurement of the x-radiation, 
L-arying with the RF voltage and the magnetic field, 
is shown. 

The system tests of the first l/4 ring section 
were ended on Dec. 15, 1972, when the program for 
precision alignmen of the magnets had to be started. 

Conclusion 

The system of main cyclotron components as- 
sembled in the ring seems to be technically function- 
able. Accelerating voltages of > 500 kV per cavity can 
safely be expected. Special care has TO be taken with 
:he cleanliness of inner surfaces during mounting, in 
order to achieve high accelerating voltages within 
reasonable time after assembly or after opening the 
vacuum chamber. For components being mounted 
closely to the accelerating gap of the cavities, special 
care is to be taken in RF shielding and eliminating the 
RF “noise”. 

Further Procedure 

Xf:er the second lj4 ring section had been as- 
sembled on ,Jan. 24, 1973, operational tests were 
carried out last month. The special care in cleanli- 
ness was rewarded. A 1,‘2 ring section is assembled 
by Y\Iarch 7, 1973. 

1Vhile thorough tests with two cavities will be 
carried out, the magnetic field measurements are 
concentrated on the influence of the magnetic in- 
jection and extraction elements, placed closely ~0 the 
radial rnngc of acceleration. To apply the proper 
zorrcctions for these field disturbances, we allow 
Three months. It is the goal to have the ring cyclotron 
ready lor beam acceptxce by fall of this year. 
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