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Summary 

The SIN meson facility, in operation since 
7974, ccnsists of a 590 MeV ring cyclotron for 
protons and a 72 VeV injector cyclotron. 
The average beam current cn target is present- 
ly about 50 @A, the peak being 112 PA. Extrac- 
tion efficiency, once considered a severe han- 
dicap for cyclotrons, is now 99.6 to 99.9 % 
for the ring cyclotron and about 90 % for the 
injector. Yany improvements in both accelera- 
tors allow single turn extraction in the ring 
cyclotron. The present current limit is given 
oy the injector, while the ring itself could 
accept now a 600 UA beam, witi- 2-4 mA as an 
ultimate limit. Same muon experiments re- 
quire a pulsed beam with on-off times in the 
order of the lifetime of the muon. First trials 
with beampulse frequencies of 200 and 4CO KHz 
and a 50 % duty cycle have been successful. 

Improvement of oeam performance in the past 
two years 

The historical development of the SIN meson 
facility and its performance in the first 
year of aperation have been described in ear- 
lier conferences. ‘*‘n 3 
In the past two years. beam intensities, beam 
time for experiments and reliability of ope- 
ration were increased. In IQ76 a total of 
80’000 PAh of 590 MeV protons were used for 
pior product ion. Availability of the beam 
- defined as the ratio between achieved and 
scheduled beam time - was typically 85 %. All 
relevant beam parameters were improved, isee 
fig. 11, with the almas-, 100 % extraction from 
the ring cyclotron as the outstanding feature 
(see fig. 21. Cn Dec. 21. 197E,the initial 
design goal of 100 ~.IA on target was achieved 
[see fig. 3). These results were obtained 

thanks to many improvements on both acclera- 
tors and an intensive beam development pro- 
gram. 

The following improvements were carried out 
on the 72 MeV injector: 
-replacement of the passive magnetic extrac- 

tion channel with a more rigid version. 
-replacement of the motor driven frequency tu- 

ning systsm by a fast hydraulic system [ae- 
veloped by P. Siggl. This change improved re- 
liability and gives nowanRF-stability of 
2-3.10-4. 

-quartz glass tubes mounted over the support 
instilators of the electrostatic septum (which 
had caused a large fraction of down time in 
:975) to protect them from coating. 

-the cryopumping system was put into operation 
improving the voltage holding on the septum. 

-a new ion socrce head now allows reproduce- 
able filament positions after replacements. 

-installation of vertical collimators and ver- 
tical deflection plates in the center ot’ the 
cyclotron. This proved to be the most impor- 
tant change because it reduced not only the 
vertical beamsize, but also - through the 

phase dependent vertical electric focusing - 
the phase width and the energy spread. This 
in turn lead to higher extraction rates ant 
extracted currents for a given activation 
level. 

-$ixing most parameters in the injector. 

ill these imprcvements gave more reprcduceable 
;eam conditions and better riatciing between in- 
iector and ring. . 
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Fig. ? The last 22 turns in the ring cyclo- 
tron. A .2 mm thi:k secondary emission probe 
neasures the beam current in front of the ex- 
traction septum. The top trace shows a well 
centered beam with a bearri quality of n-1 mm 
mrad. For the bottom trace the beam was injec- 
ted excentrically into the ring with a cohe- 
rent amplitude of 2.5 mm. The wr-value of 1.5 
at extraction (see fig. 41 helps to double the 
original distance between the last two turns 
to S mm. Extraction losses given by the beam 
hitting the septum foil is thus reduced to .I%. 
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Cn the ring cyclctron a numoer of new gadgets 
hera installed: 

-ionization chambers in ths injection and ex- 
traction regi:ns,Calitraticn cf these spill 
mc,rnitcrs shc'wed that the Extraction losses 
C3r te detsrrinsd very accurately [see fig.51 

-vertical ant radial collirwtcrs at extraction 
-secCidary er~issicn probes b?hmi:h operate up 

t: IGO DA !weis and nor-intercaptlng phase 
prorecQ (see fig. 61. 

-an extracticn septum with 129 spring leaded 
mzlebdknur; s’rrlps csf 7 rrrr widtt and 5C n;m 
thickness, elirinating thlermal deformatiors5. 

Of big help for rou:ine operaticn and team de- 
~slopm'ent are an increasing number of contrcl 
ccnlputer programs like: 

- zsntering of the beam at the ring injection. 
-closed :ccp centerint cc the extractsd beam 

UP 10 the targets, Positioning accuracy with, 
non-intercepting probes is asout .2 mm. 

-Frogr=rr CCI;LS it,hich misplays a weigqted sum 
of ail tE?m iOBCEfj from injsctcr to target 
Chigt,er ECPJL~S means less inccce? overall 
activa:icln!. 
Lit:) EOrGiS the effect of tLrnirg an arbitrary 
kn:c fclr any' cf tht acc~:era:crs cr beam li- 
res can be seen Smnediatcl,~ ~ * 

Tbs 5SC Ye\/ ring cyclotrc- as a cLr!ed-*Ii- --~ -- - 
r,far scce?tra:cr --- --- 

The substantial imLrc,verrent cf tt,e quality of 
t-e ;:: p:Ev beam from the injector i-ad d dra- 
ra-;ic effect on the perfirrrarce :f the ring. 
ThE tt3w inside t-e rachine shrunk tc a circa- 
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lar cross section cf 4 mm diameter (almost ccn 
stant throughout acceleration). The initial 

phase width cf 70 (FWtiM) in the irjected beam 
was ccmpressed to ahout 50 (or . 3ns in time) 
at extraction. This phase compression effsct 
is due to the radial variation cf the cavity 
voltage 6 and could be ciearly demonstrated 
(see fig. 71. This narrow phase kidth means 
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Fig. 6 Phase history cf accelcratea beam in 
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attained from fig. 2. The lower 
part shows a rzeasurement of the 
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Fig. 5 Calibration of the 
extraction efficiency in 
the ring cyclotrcn. Varia- 
ticn of cavity voltage and 
tilting the septum changed 
the extraction rate from 
alnost :CC ", down to C. 
Platted vertically is the 
total current of a!1 beam 
spill monitors (ionization 
chambers! and horizontally 
tre signal frcm an exter- 
nal secondary emission cur- 
rent probe. The straight 
line through the measured 
points shcws that the spill 
rnonitcrs are indeed linear 
with bearr losses. 
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that practically all particles make the same 
number of revolutions and can be extracted in 
a single turn [see fig. 21. Placing the sep- 
tum between the last two turns of a well cen- 
tered beam gives an extraction efficiency of 
about 98.5 %. But one can do even better by 
producing a coherent amplitude at injection 
which persists to extraction and doubles the 
distance between the last two turns to 9 mm. 
This method has lead to extraction efficien- 
cies of over 99.9 %, although routine values 

are more like 59.7 0. With the installation of 
a flattop cavity (19761, extraction losses can 
be reduced even further. 
The ring cyclotron can thus be viewed as a 
curled-up version of a linear accelerator 
which fits into an area of 19x19 m2! The prob- 
lem of radioactivity, which long seemed to li- 
mit the intensity of cyclotrons, is under con- 
trol up to very high currents. The existing 
ring accelerator could accelerate a beam of up 
to 600 uA and, with some modifications, the 
target stations could handle such a beam. In- 
stallation of more RF power would push the li- 
mit into the range of 2-4 mA, the exact value 
given by space charge effects. The intensity is 
presently limited by the injector to about 
50-700 piA for routine operation. In view of 
this situation, it is more and more evident 
that we have to ccnstruct a more powerful in- 
jector, delivering beams in the order of a few 
mA. Details for such a machine are already wor- 
ked out’, but authorisation of the project by 
the Swiss Government is still pending. 

Operational Experience 

The distribution of beam time and down time in 
1976 is summarized in Fig. 6. Pions were pro- 
duced during 3COO hours. During a few shifts 
about 30 nA of polarized 590 I*?eV protons were 
produced and 65C hours were devoted to research 
with a wide spectrum of alpha,deuteron and 
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Fig. 7 First demcnstration of the phase com- 
pression - phase expansion effect in a cyclo- 
tron. The cosine-like radial distribution of 
the cavity voltage produces an RF-magnetic 
field which first compresses, then slightly 
expands the bunch length of the circulating 
beam. Actually, the central phase 0(R) of the 
bunch was measured for different initial pha- 
ses at injecticn. The circles are the measu- 
red differences Asin@. The solid line gives 
the theoretical prediction (EG*Asin@ = con- 
stant) for this effect, where EG is the energy 
gain per turn of the particles. 

proton beams (the latter two also polarized) 
from the injector, In addition the injector is 
reserved for 4 hours per week for the produc- 
tion df the radioisotope 1”‘. With typically 
12@ UAh of 72 MeV protons, an activity of 1.5 
Curie is produced after chemical processing. 
This is, to our knowledge, the highest yield 
of Ilz3 produced anywhere. Targeting and pro- 
cessing of this isotope is performed by the 
Swiss Institute for Reactor Research (EIR). 
Due to the excellent performance of the ring 

cyclotron, the scheduled beam development time 
for 1977 has been strongly reduced. Emphasis 
will be mainly on the injector and on more cam- 
puter control applications. Dropouts of the ca- 
vities make up half the down time of the ring 
cyclotron. These cavitiese cperate at the very 
high voltage of 520 kV with a Q of 30’000. Ty- 
pical mean times between dropouts is 6 h with 
an average interruption of about 12 minutes. 
Pulsing the cavity voltage through the multi- 
patting stage should reduce the down time to 
about one minute in the future. 
The rotating targets [designed by C. Tschalar) 
continue to behave very reliably and gave no 
problem during the 100 uA test. The favorite 
targets for pion production are Be and C due to 
their low electron contamination in the pion 
beams. 

Activation 
In spring 1977,a typical production run with 
50 IJA on target produces about the following 
beam losses : 

5 UA at 72 MeV, extraction from injector 
.2 PA at 72 MeV, beam transport + injection 
.05-.2 DA at 590 MeV extraction from ring 
. 1 pA at 590 MeV beam transport 

1 PA lost in thin target 

Activation doses obtained by SIP,! perscnel in 
1976 were about evenly distributed between in- 
jector, ring and target installations plus 
beamline. 7 persons received doses between l-2 
rem/year. The induced dose from the injector 
came mainly from routine operation. Changing 
the filament gives 15 man-mrem each time, while 
changing the septum electrodes, for example, 
leads to an absorbed dose of 200 man-mrem. The 
activation in the ring cyclotron is produced 
mostly during setup, tuning and beam develop- 
ment. New control computer programs for opti- 
mizing the beam quickly and reliably should help 
to reduce this activation. 

590 MeV p on targets 

setup, tuning, training 

regular service 
planned shutdown 

6.1 % 
26.1 % 

20.0 % 
planned 
shutdowns 

drop outs injector 
drop outs ring 
drop outs varia 

4.9 ?o 10.9 % 
4.6 % unscheduled 
1.2 % shutdowns 

total 100.0 qo 
= 8784 hours in 1976 

8 Fig. Cistribution of team time and down 
time for the SIN accelerators in 1976. 
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Typical activation levels, one day after the 
beam has been turned off, are: 
injector vault, average IO mr/h 
ring vault, average 5 mr/h 
ring vault, extraction region 30-SC mr/h 
vacuum chamber above septum 2r/h 
1.5 m in front of thin target 30 mr/h 
quadrupoles after thin target 2 r/b 
1.5 m in front of thick target 1 r/h 
Radiation levels during operation with 50 uA 
are: 
above vault roofs of accelerators 2-5 mr/h 
above target roof IO mr/h 
I nside experimental areas 5-50 mr/h 
in experimental hall, outside 
shielding at beam heigth 100 mr/year 
This last figure corresponds to the difference 
in the natural background between Ziirich and 
St. Noritz in the Alps! 

Pulsed beam 

To reduce the background for some muon expe- 
riments, an external 590 MeV beam pulser was 
designed by LJ. Schryber, P. Lanz and M. Mdrki' 
and made operational in spring,1977. First 
trials with beam pulse frequencies of 200 and 
400 KHz and a 5C % duty cycle have been suc- 
cessful. Together with a prepulser right after 
the ion source,a suppression of particles to 
better than ItIm6 during the beam-off time has 
been acnieded. 

New experimental facilities 

In the past two years,the following new facili 
ties have been put into operation: 
-the pion spectrometer SUSI in area nM1 (see 

fig 9) 
-a second superconducting solenoid for high 

fluxes of muons, feeding area uE4. 
-a beam splitter after the first muon channel 

producing muons for areas uE1 and uE2 simul- 
taneously. As a consequence SIN has now the 
three most intense muon beams in existence. 

-an appendix to the beam line ITEM, producing 
a large flux of slow pions. Muons from the 
pion decay are subsequently trapped in a mag- 
netic bottle for muonium formation. 
A major extension of the facilities will come 
with the construction of a medical annex’ for 
pion therapy, starting this year. The new an- 
nex can be seen at the bottom of fig. 9. A 
beam splitter consisting of a 50 urn thick sep- 
tum will divide the extracted 590 MeV+ beam in 
an arbitrary ratio between the present targets 
and a new medical target. A superconducting 
pion collector B la Stanford” with an accept- 
ance of 1 sterac will focus pion beams from 60 
different directions onto the tumour. After 
remeasuring the pion cross section at 60° and 

, 

90° take off angles, it was decided to modify 
the Stanford geometry and adopt the 60° ver- 
sion. With a 20 PA beam and a 1 1 tumour re- 
gion, the produced dose will be 50 rad/min, 
which will allow relatively short irradiation 
periods. 

Experiments 
For a description of all ongoing experiments 
at SIN we refer tc the SIN Physics Report 
Nr. 1 of Oecenber 1976, available from the 
SIN secretariat. Further results will be pub- 
lished in the proceedings of the upcoming 
“7th International Conference on High Energy 
Physicsand Nuclear Structure”to be held at 
the end of August 1977, in ZDrich. 
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Fig. 9 Layout of the experimental hall with 
injectcr. ring and the two targets M [thin1 
and E (thick). 10 experimental stations can be 
used simultaneously: 4 for pions, 4 for muons 
[using 2 superconducting solenoids1 and cne 
for neutrons and scattered protons [40 % po- 
larisedl. The broken lines indicate the future 

annex for pion therapy. 
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