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Abstract 

The goal is a continous external proton beam of 
the order of 100pA, the usable current depending 
mainly on extraction rate because of activation. The 
energy of 500 MeV is best suited to produce high 
fluxes of low energy or stopped mesons. The main 
fields of the research are planned to be: properties 
and interactions of mesons and nucleons, nuclear 
structure physics and medical and biological applica- 
tions. The use of internal targets in field free re- 
gions as well as external targets should provide a 
great variety of beams for simultaneous experiments. 
The two-stage accelerator has a 70 MeV sector fo- 
cussed cyclotron for injection into an isochronous 
ring accelerator consisting of eight spiral sector 
magnets. Four cavities operating at 50 MHz should 
provide at least 1 MeV energy gain per turn. In the 
course of present development the main fields of 
work are orbit dynamics and measurement on 1:5 scale 
magnets and design of a 1:l model magnet sector. 
v- is to be kept around 0.95 throughout acceleration 
agd v- = 1.5 may be used for resonance extraction. 
~x~eriments to reach high gap voltage on a full 
scale cavity in vacuum are in progress (200-300 kV 
obtained at present). Remaining problems are some 
aspects of mechanical structure, in particular the 
vacuun: chamber and schemes for quantitative extrac- 
tion and secondary beam production from external tar 
gets at very high radioactivity levels. Funds of 
21 Million Dollars have been approved for construc- 
tion of accelerator and buildings. A building time 
of 5 to 6 years is expected if development can conti- 
nue in favorable conditions. 

1. Aim of the Project 

The accelerator shall equip a new research cen- 
ter operated on a national scale. Main research shall 
be in the fields of elementary particle physics, 
nuclear structure physics as well as technical and 
especially medical and biological applications. It 
will enable to expand the physics covered by synchro- 
cyclotrons with beam qualities (intensity, duty 
cycle, emittance) improved by a factor of at least 
100. 

Beams: The energy has been chosen at approx. 
500 MeV where a radial resonance should provide good 
chances of practically full extraction. This quanti- 
tative extraction is a vitalcondition to the use of 
high beam currents (over a few 10 p ~ )  as otherwise 
the machine would get rapidly unserviceable due to 
induced radioactivity. 500 MeV is well suited to pro- 
duce very high fluxes of slow mesons and maximum 
stopped meson densities. 

For the production of secondary beams external 
targets shall be mainly used. The shielding of the 
target, beam disposal and the purification of the 
secondary beams raise difficult problems enhanced 
by the extremely high activation. For the experi- 
ments, emphasis will most of the time be on beams 
of higher purity, emittance, energy resolution and 
also polarisation rather than high total fluxes. 
Table I gives fluxes expected after rather conserva- 
tive calculations. 

If highest extraction rates are not attained 
or simply to allow parallel or parasite experiments, 
internal targets may also be used in the field free 
sectors. Due to the strong focussing action of the 
field and the high gain per turn a large number 
(approx. 50) of multiple traversals through a 1 MeV 
thick target could be achieved. This "stacked" beam 
should yield very high quality secondary beams. 

2. Fields of Research 

In the physics of elementary particles the 
most important fields will, as much as it can be 
foreseen years ahead, be: nucleon-nucleon inter- 
action program with emphasis on polarized beams and 
especially the neutron interactions. Then precision 
experiments on pion-nucleon interaction, double 
pion production, rare pion decays. For muons precise 
work on intrinsic properties, capture etc. In 
nuclear structure physics very interesting approa- 
ches open: Mesicatoms whose radiation can possibly 
be analyzed by crystal spectrometers with unprece- 
dented resolution yield charge and magnetic moment 
distribution inside the nucleus. Muon-nucleus 
scattering complements corresponding electron ex- 
periments. A vast new field are nuclear reactions 
with pions, like double charge exchange. Finally 
high resolution inelastic proton events at high 
energy should give novel information on the dynami- 
cal structure of the nuclei. Applications in solid 
state physics and chemistry will be radiation damage 
but especially mu-meson chemistry allowing very 
interesting experiments on binding forces. Of very 
special interest are biological and medical appli- 
cations. Beside needed work on biological effects 
of different particles at all energies, protons can 
be used for controlled deposition of radiation doses 
at greater depth for radiation surgery. A very ex- 
citing possibility would be the use of negative 
pions for tumor irradiation. Due to the "stars" 
formed when they are stopped and absorbed by nuclei, 
their dose curve with depth is superior by an order 
of magnitude to radiations like gamma rays or elec- 
trons now used. The use of the proton beam to pro- 
duce neutrons in a subcritical assembly, though not 
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del ivering very high neutron f luxes a t  these cur- 
ren t s ,  may be considered, a s  the p o s s i b i l i t y  of 
pulsing is  a t t r a c t i v e  i n  neutron physics appl icat ions 
i n  r e l a t i o n  with nuclear energy problems. 

3.  Present S ta tus  

The type of the  accelerator  - two stage isochronous 
r ing  cyclotron - was chosen i n  1963. Preliminary 
development work including theore t ica l  s tud ies  on 
o r b i t  dynamics a s  well a s  model work on magnets and 
the RF-accelerating system was car r ied  out u n t i l  the 
end of 1965 by the  ETH cyclotron planning group. 
The 21 Million l l a r  budget based on the  project  De proposal of 1964 has now been f u l l y  al located i n  
March 1966 by the Swiss Parliament. 

The accelerator  s h a l l  equip a nat ional  research 
center  f o r  nuclear and elementary p a r t i c l e  physics 
and appl icat ions t o  be b u i l t  a t  Vil l igen i n  the im-  
mediate v i c i n i t y  of the Reactor Research I n s t i t u t e  
a t  Kirenlingen. Collaboration with the  l a t t e r  i n  
technical  and rad ioac t iv i ty  matters is  considered 
an important advantage. The center  s h a l l  provide 
advanced research f a c i l i t i e s  t o  the  Swiss Federal 
I n s t i t u t e  of Technology (ETH) and o ther  Swiss Uni- 
v e r s i t i e s .  A narrow col laborat ion with CERN and 
other  research i n s t i t u t i o n s  w i l l  be sought. The tea- 
ching aspect s h a l l  remain important though, and 
some s a c r i f i c e  on beam i n t e n s i t i e s  seems j u s t i f i e d  
t o  allow f o r  the  f l e x i b l e  and r e l a t i v e l y  simple 
operation needed f o r  t h i s .  

The time scale  foresees 5 t o  6 years building 
time, put t ing f i r s t  operation i n  1971/72. Close 
col laborat ion with industry has been sought i n  view 
of the g rea t  technical  t ask  t o  be solved. The 
Oerlikon Engineering Company (WO) has accepted im- 
portant technical  respons ib i l i t i es  a s  a general 
contractor  f o r  the  construction phase, while ETH is  
responsible f o r  the  basic  pr inciples  and technical  
development. 

Para l le ly  t o  the  construction of the  accelera- 
t o r  f a c i l i t y ,  research programs s h a l l  be prepared 
i n  time. It is  expected t h a t  many contr ibut ions w i l l  
come from Universi t ies  of foreign Laboratories 
present ly working with synchrocyclotrons. 

I n  the  following chapter we s h a l l  t r y  t o  re- 
view the  work achieved up t o  now a s  well a s  problems 
remaining t o  be solved f o r  the  main components and 
systems of the accelerator .  Let us  f i r s t  summarize 
t h e  main charac te r i s t i cs  of the  accelerator: 

4. Main Character is t ics  of Accelerator 

A s  a proton accelerator  t o  produce a beam of 
the  required energy, intensi tyand qua l i ty  f o r  the  
Meson Factory Project ,  the  ETH group proposed i n  
1962, following a sugges 1 n of H.A. Willax, a two 
stage proton accelerato):', based on tp working 
pr inc ip le  of Sector Focusing Cyclotrons . It con- 
sists of a AW-Cyclotron of conventional design, the 
"Injector" accelerat ing protons t o  a reasonable 

technical  l i m i t  ( i n  our case 68-70 M ~ V )  and a high 
energy s tage f o r  f u r t h e r  accelerat ion t o  500 MeV. In  
t h i s  second stage,  which we c a l l  t'Isochronous Ring 
Accelerator", 8 separated C-magnets with spec ia l ly  
shaped contours provide t h e  isochronous guide f i e l d  
and beam focussing mainly by the  edge e f fec t .  Four 
W-cavities with a high qua l i ty  fac tor ,  operating on 
the HlO1-mode a t  constant frequency, should allow a 
high energy gain per revolution a t  low RF power con- 
sumption. 

The main advantages we see i n  t h i s  arrangement 
are:  

1. The production of a "CW" beam i n  a ra ther  
economical fashion. 

2. Strongly improved conditions f o r  an e f f i -  
c ien t  beam extract ion,  due t o  a r a t h e r  low average 
guide f i e l d  (8.3 kGauss a t  ou te r  radius) ,  a sharp 
f i e l d  drop off  (narrow pole:gap), a high energy gain 
per turn and defined s t a r t i n g  conditions through in- 
jection. 

3. The p o s s i b i l i t y  f o r  the  use of in te rna l  
meson t a r g e t s  taking advantage of the forward pro- 
duction i n  a low f i e l d  region and multiple proton 
t raversals  . 

4. Access t o  the  beam plane i n  f r e e  sect ions 
( f o r  beam col l imator ,  probes, beam controls  e t c . )  
and s impl i f i ca t ion  of the mechanical construction 
and servicing of the act ivated machine by using stan- 
dard elements. F lex ib i l i ty .  

Figure 1 shows the general layout and a list of 
the  basic design parameters.  h he beam s p l i t t e r  
shown between i n j e c t o r  and main r ing  is  opt ional) .  
The pulse frequencies of both machines a r e  matched 
t o  the common W frequency of 50 MHz, the  i n j e c t o r  
revolution frequencies being the t h i r d  subharmonic 
of the W frequency and the  main accelerator  working 
on the 6th subharmonic. 

Figure 2 shows the  s t ruc ture  of the machine. 
The main parameters of the  r i n g  accelerator  are:  

outer  diameter 13-14 meters 
beam radius inner  2 meters 

outer  4.5 meters 
height 4.8 meters 
t o t a l  weight 2000 tons 
W power 4 X 60 kW 
magnet power 8 X 50 kW 

5. Orbit m i c s  and Magnet Model Work 

The r ing  acce le ra tor  presents some unusual fea tures  
influencing s trongly the o r b i t  dynamics: - separated magnets with p r a c t i c a l l y  f i e l d f r e e  

( s t r a i g h t )  sec tors  i n  between 
- high f l u t t e r  values (approx. un i ty )  
- very high f i e l d  gradients  a t  the  edges ( see  ~ i ~ . 5 )  
- small magnet gap (approx. 7 cm) 
- sharp f i e l d  fall-off a t  outer  edge - unusually l a rge  energy gain per  tu rn  ( 1 ~ e V )  giving 

tu rn  separations of 13 mm a t  in jec t ion  and 3 mm 
a t  extract ion radius. 
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This configuration creates some new problems for 
the field measurements, data processing and orbit 
computations. Let us here only summarize the proce- 
dures adopted and the results obtained. A detailed 
account on these calculations is given in a report 
prepared for this conference by W. Joho and 

4 H. Braun . 
Logically, hard edge calculations were done 

first. They were complicated by the spiral shape and 
the varying gap. In fact the magnet structure lies 
between the case normally encountered in AVF cyclo- 
trons with normal magnet poles and a synchrotron 
structure. The "Fourier-approach" finally adopted 
gives - rather astonishingly - better results as the 
hard-edge-calculations.The first Fourier component 
dominates and already yields the flutter within 15%, 
whereas the hard-edge approximation overestimates 
the flutter by 25%. 

The higher Fourier coefficients decrease slowly 
because of the narrow magnet gap and the high gra- 
dients thus produced. Extensive smoothing procedures 
in azimuthal and radial directions had to be deve- 
lopped until the Fourier components could be used 
reliably for orbit computing. Coefficients up to 
order m = 30 per octant give accuracies of approx. 
1% on v and vZ. 

In an attempt to find a field fulfilling the 
isochronism and focussing conditions required, orbit 
calculations were based on fields experimentally 
measured on the l:? scale sector magnet models. In- 
stead of actually modifying the magnet pole shape, 
new fields were mathematically constructed by in- 
serting a flat field part near the hill center, 
corresponding to a modified pole contour (circular 
arcs). To isochronize the fields, adjustments in the 
average field B (r) in the order of a few per cent 
were made. 

From an initially quite unsatisfactory fo- 
cussing (see working point trajectory for first 
field in Fig. 7) the following steps were taken: 

1:5 Sector magnet model with yoke coils 
Two such sectors to study field superposition 

1:5 Sector model with pole coil (~igure 3) 
1:5 Same sector with strongly enlarged yoke 

section, and modified pole gap in function of 
radius. (~igure 3) 

The flow chart for the "mill" used to grind down 
the measured data is given in Table 11. The formula 
used for the orbit computations are summarized on 
Figure 4. Calculations for the axial movement do not 
include at present the higher terms. They are being 
used in a special study on the linearity of the 
focussing forces for higher axial betatron ampli- 
tudes above 8 mm (small magnet gap of 7 cm!). 

off sharp enough to keep phase slip within 6' up to 
520 MeV. Figure 8 shows the pole contours and the 
orbits corresponding to this field. According to the 
working point diagram (Figure 7) v stays ,practi- 
cally constant and slightly above 6.9 but clearly 
away from the dangerous vZ = l resonance. The coup 
ling resonances v + v = 2 and v = 2 vz are also 

r z 
avoided. The few resonances whichrhave to be crossed 
are listed in Table 111. The vr = 8/5 resonance 
ocurring around 490 MeV has been examined closer 
and the result is shown in Figure 9. The small 
initial radial amplitudes and the high gain per turn 
should allow to cross it without trouble. 

A Monte-Carlo investigation was made about 
tolerances of the magnetic field, considering both 
real magnet errors and such introduced by positio- 
ning errors in the measurement due to the high field 
gradients. Figure 10 shows how these random errors 
are reduced from initially 150 Gauss to 1 Gauss by 
Fourier and radial smoothing. Therefore tolerances + of - 2 Gauss and f 0.5 mm should be acceptable and 
relatively easy to meet. 

In conclusion these investigations show that 
small changes mainly in the radial gradient of the 
average magnetic field drastically affect the wor- 
king point trajectory in the v - v diagram, but 
that on the other hand rather gasy Ehimming methods 
allow to obtain almost any desired path without 
abandoning the circular edges of the magnet. 

6. Magnet Design 

Because of their.shape and size, the small gap 
and the high accuracy required, the C-shaped sector 
magnets raise difficult design problems. First the 
yoke structure was studied on a non-spiralled 1:10 
scale model and then two 1:5 spiral sector models 
constructed. Computations by relaxation techniques 
were carried out to study saturation, but showed 
of little effectiveness for the complicated three- 
dimensional spiral structure. 

As space is very scarce between the magnets by 
the presence of the FE cavities, a first design was 
tried with poles around the yoke neck. It rapidly 
became clear however that the strong stray field 
significantly changed orbit dynamics and that 
especially the tricky problem of the influence on 
one magnet by its neighbors (non-additive super 
position of fields) was considerably enhanced. 

Therefore one of the magnets was equiped with 
pole coils and at the same time additional yoke 
iron added, as the saturation had been underesti- 
mated in the first 1:10 model. (~igure 3). As dis- 
cussed in the previous section, the gap was recut 
(2$ change) to approximate more closely the desi- 
red field, though the wrong width of the model was 
corrected only mathematically. 

A satisfactory mathematical field has been 
achieved now. It is shown on Figures 5 and 6. Below 
500 MeV deviations from isochronism are smaller than 

and the small magnet gap gives a field fall- 
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Based on these results, two new magnets have 
been designed and will be constructed by MFO: 

1. a new 1:5 model with sector shape, gap and 
yoke section as close as possible to the wanted 
field. (TO be ready by middle 1966). 

2. a full scale sector magnet model whose yoke 
is frozen, but whose pole plates shall be determined 
after the measurements on the new 1:5 model. (TO be 
completed in spring 1967). 

The yoke and coils have been designed with 
space considerations in mind and to meet the usual 
minimum of initial and operating costs. Details on 
the design work on these magnets are given in a re- 
port prepar d by R. Wolgast and A. LQtay for this 
conference. T 

The 1:1 model magnet is drawn in Figure 11. 
Its weight is 230 tons. In order to maintain high 
stability it is necessary to take up the strong for- 
ces (magnetic: 260 tons, vacuum and weight: 70 tons) 
by supports at the inner and outer radius. 

It is expected from the studies made, t$at the 
initial field errors will be of the order of - 100 
Gauss due to accumulated machining errors and 
2 60 Gauss due to inhomogenities in the magnetic 
properties of the iron. It is planned to reduce 
these to 5 10 Gauss by individual shimming. Shimming 
can be added on the pole faces or also at the edges, 
allowing some individual correction of both mean 
field and flutter. The final adjustment inside these 
2 10 Gauss will be done by a limited number of trim- 
coils (7 pairs per sector). The low power needed will 
simplify the design. 

Preparatory work has been done on the power 
supplies of the magnets and the problem of adjusting 
them individually, and also on a special, remote and 
radiation-resistant nuclear magnetic resonance probe 
to be used as field stabilizing element. 

7. High Frequency Accelerating System 

The main advantage of the ring accelerator 
with injection is to provide space for a low loss 
RF system able to supply very highvoltage gains per 
turn. Rectangular cavities (slightly tapered in ra- 
dial direction in the final version) oscillating in 
the HIOl mode at 50 MHz (sixth harmonic of revolution 
frequency) are used. The cavities shall be excited 
by individual amplifiers driven by a same master os- 
cillator (also controlling the injector cyclotron) 
through networks allowing precise phase and ampli- 
tude adjustment and servo-control. Gap voltages of 
350 kV peak are desirable. With a Q-value around 
30'000 only moderate RF power (50 k ~ )  is needed. 

Development started by theoretical investiga- 
tions and then 1:5 scale models in copper were built. 
Q-value, voltage distribution along the gap, coup- 
ling loops and tuning methods were investigated. 
Satisfactory methods for precise phase measurements 
were developped. 

After this, a full scale cavity in a vacuum 
vessel was built to study the voltage holding in the 
gap. No commercial amplifier could be found and a 
first powerstage with a Tetrode EIMAC 4 CW 50'000 in 
grounded cathode mode was built. (~i~ure 12). It is 
driven by a 1 kW master-oscillator and buffer assemb- 
ly 

The cavity itself was constructed as a plug-in 
unit made from aluminium sheet with blown up cooling 
tubes, and plated on the inside by 0.1 mm silver 
sheet. The whole cavity is fastened on the inside of 
the lid of the large vacuum tank and the powerstage 
is fixed on the other side of the lid. The inside 
dimensions of the vacuum vessel are 5.7 X 3.2 X 0.8 
meters. The model is also intended for studies on 
the vacuum system, therefore various pumps, as oil 
diffusion pumps with or without liquid air baffles, 
and ion-getter pumps, can be fitted to a side cham- 
ber. (~igure 13). 

A more detailed account of the design and the 
first results obtained with the 1:l RF cavity wor- 
king model is given in a special report prepared fo 
this conference by P. Lanz, H. Frei and J. B5nteli. g 

The main steps were the following: At atmos- 
pheric pressure voltages up to 150 kW were reached 
before discharges occured. The latter took the form 
of sparks then rising as arcs, and these sometimes 
rose further as a kind of separated ball lightning 
vanishing later with a little' explosion. 

-6 
In vacuum (2 X 10 Torr without discharge) for 

a very long time discharges occured at low voltages 
(below 10 k ~ )  and one did not succeed passing through 
to higher voltages. This effect was attributed to a 
discharge (possibly m~ltipactorin~) which had two 
effects: changing the load on the amplifier so that 
the match was bad, secondly outgassing produced other 
types of discharges. Difficulties were also encounte- 
red with the powerstage: the cavity being used di- 
rectely as the plate load, too little freedom for 
matching remained. An improved powerstage with tunab- 
le plate tank circuit is in construction now. 
(~igure 12). 

The passage through the discharge region was 
finally achieved by the following means: 

Feedback to produce self-oscillation to give 
more power for baking out. 

Liquid-air traps to improve vacuum. 

fast turning on of RF by a mercury relay. 

( ~ t  present none of these measures seem to be 
really required any more to get through the dischar- 
ge region). After these measures voltage could be 
step-wise increased to 100-150 kV. After resolving 
some trouble by cooling the coupling loop and buil- 
ding a new blocking condensor between the plate of 
the power tube and the coupling loop, stable opera- 
tion at 200 kV was obtained. Peaks up to 320 kV are 
reached at present, though only in unstable operation 
due to two causes: 
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Periodic gas release by surface heating 
Mechanical oscillations of the cavity excited 
by electrostatic forces (approx. 10 HZ) .  

Continous analysis of the rest gas with a mass 
spectrometer leak detector shows clearly that most 
of the released gases are cracking products of pump 
oil deposits on the surfaces. These discharges 
create electrons and enhance dangerously the X-ray 
intensity which becomes uncomfortably high at 300 kV. 
Future work will be concentrated on power stage de- 
sign and study of the vacuum requirements. Possibly 
an integrated cavity, being its own vacuum vessel, 
will be considered. Phase and voltage control 
systems will be developped for the 1:l cavity. If 
possible, studies on the factors setting an ultimate 
limit on voltage holding will be undertaken. 

It can be concluded that the goal of 1 MeV 
energy gain per turn should be attainable without 
particular difficulties. 

8. 1n.iection and Extraction 

In.jection: The injector cyclotron has to deli- 
ver a beam of 70 MeV protons with a 50 MHz pulse fre- 
quency and with a very good beam quality in order to 
allow injection into the ring accelerator without 
loss and ensuring small initial betatron amplitudes. 
Energy spread of 0.2% and 30 mm mrad in both di- 
rections are desirable, and though difficult, should 
be possible. 

It is planned to buy the injector from an in- 
dustrial firm and several offers have been submitted. 

The injection mechanism into the ring accelera- 
tor, though simple in principle with the radial turn 
separation of 15 mm, is difficult due to extreme 
lack of space and the requirement that one not dis- 
turb the magnetic field of the main magnets in the 
range of normal orbits. The system being designed 
now uses first an injection magnet with low stray 
field (possibly a current sheet septum magnet) and 
then an electrostatic injection channel in the 
second to next sector to make the beam tangential to 
the injection orbit (~igure 14). Detailed studies 
are under way with a general orbit code modified to 
allow the tracing of beams through special field 
regions. In order to bring the beam from the in- 
jector to the first injection magnet, different 
possibilities are considered: crossing through beam 
the plane at the opposite free sector or the same 
slightly above midplane, or finally vertically from 
above through 90' bending magnets. The decision 
shall be made on engineering aspects mainly, as beam 
optics can be solved in any case. 

Extraction: No extraction system has been 
worked out in detail yet, as precise knowledge of 
the field structure at outer radius from the full 
scale magnet sector will be needed. Two possibili- 
ties seem promising: 

- Resonance extraction at v = 3/2. According to the 
hard edge calculations donerin 1963 this resonance 
occured around 500 MeV. With the new fields based on 
1:5 Model work, probably due to the added require- 
ment of circular pole contours, the first crossing 
of the resonance occurs at 420 MeV (which is too low 
for meson production) and then a second rapid cros- 
sing takes place at 516 MeV when the field rise with 
radius starts to decrease at the magnet edge. (see 
Figure 7). It is expected that the first crossing of 
this resonance (non essential with 8 sectors) should 
be easy. Preliminary calculations show that a strong 
local third harmonic bump (two magnets of opposite 
polarity in field free sectors and separated 90' in 
phase of radial oscillation) would suffice in buil- 
ding up a large coherent amplitude in a few turns. 

- Electrostatic extraction by means of "transparent" 
septum and a magnetic channel in the second next 
free sector (~igure 15). This is a straightforward 
possibility which may, from first estimation, allow 
a 9@ extraction rate at current levels above 5OPA. 

It is apparent that these extraction schemes, 
or even a combination of both, benefit largely from 
the initial attempt to lay out the accelerator in 
view of quantitative extraction: low magnetic field, 
small magnet gap, field free sectors, high energy 
gain per turn and phase space control by injection. 

Several engineering studies have been carried 
out in view of the building lay out. These include 
the cooling requirements of the accelerator and ex- 
perimental beam guiding systems and the investiga- 
tion of the possibilities of using cooling towers, 
river water or ground water as final heat sink, the 
last alternative looking at present most attractive. 

Similar studies on the supply of electrical 
energy have been made and some succesful develop- 
ment work on SCR-rectifiers done. In both cooling 
and supply studies W O  has taken an active part. 

The mechanical lay-out of the shielding and 
especially the difficult problem of the external 
production target for secondary beams have received 
only preliminary attention due to lack of capacity. 

The major engineering problem faced is the 
design of the vacuum chamber. Especially the inter- 
face with the sector magnets poses very tricky prob- 
lems. Among the different possibilities looked at 
was first an independent vacuum chamber inside the 
magnet gap. But even with several supports through 
the magnet pole faces, or with a double vacuum 
system, the pole gap, further reduced by the trim- 
coils, proved too small. The magnet had therefore 
to be used as part of the vacuum system. Figure 16 
shows a design sketch in the direction pursued at 
present. 
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Due to the high radiation fluxes (mostly fast 
neutrons) expected, the question of vacuum seals is 
a vital one, as in certain places organic seals like 
highly radiation resistant polyurethane elastomers 
will have lifetimes as short as 6 months.Meta1 seals, 
on the other hand, witki the strong pressing forces 
required, are very cumbersome in the narrow and in- 
accessive space between magnet and cavity. Permanent 
sealing by welding thin stainless steel sheets has 
been considered and looks very attractive and rather 
simple for the final operating state. For the star- 
ting phase of such a new and rather complex accele- 
rator it seems too risky though. A system using stan- 
dard organic seals but being very easily interchange- 
able is now considered best. Figure 16 shows this 
pneumatic sealing flange which can be squeezed for 
removing by pumping it out. A first model made from 
aluminium is ready, but not yet tested sufficiently. 

A further engineering task of great importance, 
but which is also only beginning, concerns the whole 
complex mechanical structure of the machine in view 
of assembly and servicing once highly radioactive. 

The control and safety interlock system will be 
very demanding, as several elements like injector, 
main accelerator, external target and some experi- 
ments will have to be included in situations diffi- 
cult to foresee and likely to vary considerably. A 
centralized computer control is therefore considered, 
and preliminary studies have been started. 

Another important development is the construc- 
tion of a magnetic field measuring machine for the 
full scale magnet sectors. The large size and high 
field gradients create difficult mechanical prob- 
lems. The system of a "rabbit" moving radially with 
cycloidal drive as developped in UCRL has been adop- 
ted. Sensing elements will be either Hall probes of 
preferably miniature coils to be used with high sta- 
bility integrator. Automatic programming and punched 
tape output is included. 

10. Buildings and Site 

Figure 17 shows a lay out sketch of beams ex- 
pected to be used, and Table I lists the tentative 
characteristics of these beams. The intrinsic inse- 
curity on the extraction rate to be obtained calls 
for maximum flexibility of the arrangement and there- 
fore the following principles have been set: 

- A large main hall (50 X 90 meters) shall house 
both accelerator and the experiments 

- Machine shielding shall be completely demountable 
and closely packed around the accelerator 

- The main hall is to be slightly sunk into ground, 
but unshielded, therefore: 

- Beams leaving the main shielding or the external 
target shall be only purified secondary beams and 
never primary full intensity beams. 

- Experiments shall be shielded, so that the pre- 
sence of experimenters of setting up operations 
may be permitted at least in a part of the cases. 

Figure 18 shows a cross section of the hall 
and arrangement of the accelerators and their shiel- 
ding. A 50 ton crane is provided. Cooling and power 
shall partly be distributed from conduits along the 
walls of the hall. 

Figure 19 shows the site and the disposition of 
the buildings. The operations building alongside the 
main hall shall house the cooling systems and elec- 
trical supplies and the control room for the accele- 
rators. Counting rooms and laboratories and offices 
for the initial phase will be included and further 
laboratory buildings erected as needs grow. Exten- 
sion of high activity zone is free to the south and 
the east along the river, whose rather high banks 
provide useful safety distance. 

The construction of the electrical power sta- 
tion, heating plant, water plant and of the bridge 
connecting to the Reactor Institute shall be started 
in 1966, the hall and operations building in 1967. 

References 

1) H.A. Willax, Proc. Conf. Sector Foc. Cyclotrons, 
CERN, 63-19, 386. (1963) 

2 )  J.R. Richardson, "Sector Foc. Cyclotronst1 in 
F.J.M. Farley: Progress in Nuclear Techniques 
and Instrumentation, (~orth Holland Publ. Comp. 
Amsterdam 1965) 

3 )  "Projekt einer Forschungsanlage mit einem Be- 
schleuniger hoher Intensitat fiir Protonen von 
500 MeV", project proposal of the ETH Cyclotron 
group, January 1964 

4) W. Joho and H. Braun, "Beam Dynamical Computa- 
tions for the 500 MeV ETH Cyclotron using Magnet 
Measurements". ETH Cyclotron group, Internal 
Report, April 1966 

5) R.C. Wolgast and A. Lgtay, "Design Studies for 
the ETH Sector Magnets". ETH Cyclotron group, 
Internal Report, April 1966 

6) P. Lanz, H. Frei and J. ESnteli, "Results of 
first measurements on the 1:l model of H 
cavity for the ETH Cyclotron". 101 

ETH Cyclotron group, Internal Report, April 1966 

Proceedings of the International Conference on Isochronous Cyclotrons, Gatlinburg, Tennessee, 1966

Reprinted from IEEE Transactions on Nuclear Science NS-13 (4), Aug 1966 c© IEEE 1966 D-001



IEEE TRANSACTIONS ON NUCLEAR SCIENCE 

TABLE I BEAM CHAILACTERISTICS OF ETH MeV RING-ACCELERATOR 

August 

+ 
1) External Proton Beam of 1n.jector (68 - 0,25) MeV, pulse length 1.. .5 nsec, pulse separation 20 nsec 
2) External Proton Beam (510';) MeV, Maximum RF duty cycle = 25% - Minimum pulse length 0,5 nsec, pulse separation 20 nsec 

3) Secondam beams Intensity of 
Beam Energy (M~v) Intensity (sec-') Area Remarks protons (fi) Target 

5@ polarization 
scatt. angle 7' 

3% Polarization 
scatt. angle 7' 
10 m distance 

10 m distance 

10 intern 

!I 

75 extern 

TABLE I1 ORBIT-CALCULATIONS FROM MAGNETIC FIELD PEASUREMENTS 

I Field measurement of one magnet sector on polar mesh I 

I Check of bad points, puncherrors 
I - 

Superposition of fields from neighbouring sectors 
to give periodical field of 8 sectors 

I 
I 

Fourier analysis, radial smoothing of Fourier 
coefficients. v v from smooth approximation, 

rl first guess for 1so:hronous field 
I 

I FIXPO-program, calculation of equilibrium orbits, 
I v_, v-, check of isochronism, eigenellipses, I 

- 
Possibility of change in sector contours 
(change in broadness of flat Hill field, 
no change in edge regions) I 

- 1 

Correction for isochronous field 

I 
l r  adiabatic damping 

1 GENOR-program, general orbits with accelera-I - - 

Linearized, quadratic and cubic equations of 
motion. Injection, extraction, resonances, 

L tolerances. 
I 

I 
( Construction of new magnet model with modified I 
circular sector contours and gap profile I 
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TABLE I11 RESONANCBOF INTEREST FOR THE ETH RINGCYCLOTRON 

general form: n v r + m v z = P  

Mainly driven by 

1.harmonic of B r, Be 

in median plane 

2.harmonic of 
6& 6ee 6Bz in 
E '  

median plane 

3. harmonic of 

B ,  EL 
6 r 

&'(B) 

6 r2  

-- 
-p-------- 

4.hamonic of 68,628 
d r  6 r 2  

4.harmonic of B 
r' 

6 in median plane 
6 r 

1.hamonic of B 
r' 

2 in median plane 
6 r 

5.harmonic of 

68 5 * 8  
1 -  

6 r  6 r 2  

mainfield 

Type of error necessary 

twisted median plane 

twisted median plane 

non identical magnets 

none 

-----p p-- 
------p- ---W- 

misalignement 

twisted median plane 

twisted median plane 

misalignement 

none 

Resonance 

v = l  

v + v = 2 
r Z 

v = 3/2 

Effect 

axial displacement 
of equilibrium or- 
bit 

couples radial in- 
to axial oscilla- 
tion. Growth of 
axial amplitude. 

exponential growth 
of radial amplitu- 
de. Resonant beam 
extraction with 
bump ? 

couples radial in- 
to axial oscilla- 
tions. Growth of 
axial amplitude. 
-----p---- 

no effect for 
"normalr1 radial 
amplitudes 

same as v + v = 2 
r z 

but much less 
important 

I! 11 

growth of radial 
amplitude. Reso- 
nant beam extrac- 
tion with bump ? 

no effect for 
"normal" radial 
amplitudes. 

Order 

linear 

linear 

linear 

Energy 

injection 

injection 

420 MeV 
extraction 
(515 M ~ V )  

v = 4/3 

v + 3v = 4 

3 v -v = 1 
z r 

vr = 5/3 

v = 8/5 

---- 

quadratic 

cubic 

cubic 

quadratic 

4th 

--p- 

300 MeV 

injection 
extraction 

extraction 

extraction ? 

extraction 
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ISOCHRONOUS ACCELERATOR FOR 500 MeV PROTONS 
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August 

6 8  - 510 MeV p 

2 0 - 4 4  m 

0 5 8 - 0 8 3  V s / m 2  

1 4 - 1 8  V s / m z  

-10 

- 3 4  

0 9 - 0  8 

1.05 - 1 5 5  

8 3 MC / S  

4 9 8 M c / s  ( 6  harm1 

- I  MeV / rev 
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o f  v. = 1 0 

Figure 1. 
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Figure 3. 
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EQUATIONS OF MOTION FOR PROTONS IN A MAGNETIC FIELD & ( I , ~ , z )  

FIELD IN SYMMETRY PLANE B ( 1 - 0  ) -  - B  ( r,e,z 8 0 l 

PERIOD . 8. 1-r 

b B 
- B ,  = z - - Z3 f 3  + 

b r 

- r 8 e -  z dB - Z 3  
6 8 93 + 

- B =  - B - 2' f r  + z4f4 

B - INDEPENDENT VARIABLE 

- - 
QUADRATIC 4 t h  ORDER 

. , 
3 r d  ORDER 

AZIMUTHAL F I E L D  DlST- 

August 

1 , 5  YODEL - POLE COILS 

FINAL FIELD YAP (FIELD 5 0 1  

Figure 5. 
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FLUnER 
MEASURED AND ISOCHRONIZED AVERAGE FIELD , F L U T T E R  

F IELD 50 8 1 : 5 MODEL cyclotron u n ~ l  = S 4 K G  
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Figure 6 .  
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5 0 0  MeV ACCELERATOR. E.T.H.. ZURICH 

SECTION THROUOH SHIELDING (L MAIN BUILDINOS - 

Proceedings of the International Conference on Isochronous Cyclotrons, Gatlinburg, Tennessee, 1966

D-001 Reprinted from IEEE Transactions on Nuclear Science NS-13 (4), Aug 1966 c© IEEE 1966



1 9 6 6  BLASER AND WILLAX:  ISOCHRONOUS CYCLOTRON MESON FACTORY 

Proceedings of the International Conference on Isochronous Cyclotrons, Gatlinburg, Tennessee, 1966

Reprinted from IEEE Transactions on Nuclear Science NS-13 (4), Aug 1966 c© IEEE 1966 D-001



IEEE TRANSACTIONS ON NUCLEAR SCIENCE August 

DISCUSSION 

BLOSSER: Do you have any plans for trying to 
provide an optional fm mode so that you could 
stack beams without an internal target,  and dump 
them al l  a t  once? 

BLASER: We don't think the stacked beam could 
be used inside the machine, except with this 
absorbing target. We did not investigate it, but 
I do not see how we could have enough f m  a t  the 
end to keep the beam f rom going out. You would 
have destroyed the phase, and that looks rather  
difficult. 

Possibly an internal target providing such an 
absorption may be used with the resonance ex- 
traction system to produce a coherent amplitude, 
so that the beam could go into the resonant ex- 
traction; a t  V = 312 you need an amplitude to 
build i t  up ra$idly. 

KHOE: How do you adjust the phases of the 
bunches, f rom one cyclotron to the other? 

BLASER: The question i s  sti l l  open. The main 
machine i s  working on the sixth harmonic, with 
the six bunches around, and the phase will prob- 
ably be rather narrow, but there i s  no hope of 
making a single-turn extraction. We think the 
extraction would be helped by keeping the phase 
narrow, and a r e  considering, therefore,  for the 
injector machine to have some axial injection 
with bunching, to get the narrow phase. 

LIVINGSTON: Could you tell u s  about the schedule 
you have in mind for  this project, and maybe a 
word about the cost? 

BLASER: We feel ,  a t  the moment, i t  i s  reason- 
able to talk about five to six years  f rom now. It  
may depend on some technical resul ts  in the way 
of development, and it may depend on how much 
time we need to build up a really efficient group. 
We have sti l l  too few people, because we were 
starting f rom zero. 

The budget i s  now $21,000, 000, for both the 
machines and the buildings. Depending on what 
you count in the building, o r  in the machine, like 
the shielding, and cooling systems,  i t  may be 
about half and half. 

RICHARDSON: I assume you a r e  aware of the 
work of Hopp a t  UCLA on the v = 312 resonance 
in extraction. The difficulty iz ,  of course, that 
the resonance i s  slow building up. You cbuld use 
it  on the 420-MeV extraction, but i t  might be more 
difficult to do on the way down, when you must  
necessarily be out of the isochronous condition. 

BLASER: This extraction i s ,  in fact, quite diffi- 
cult. The buildup can be quite fast ,  I think, be- 
cause we will have an initial amplitude (this we 
may produce by absorbers)  and, also, we a r e  in 
much better shape than other machines, because 
we can place the bumps in field-free regions. We 
can have very  strong bumps; we have a very 
narrow gap, so we can build up the bump. The 
f i r s t  calculations have shown that after about six 
to ten turns we should have an amplitude of about 
10 cm. It i s  quite fast ,  in spite of the half- 
integral resonance. 
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