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PRESENT STATUS OF THE 590 MeV RING CYCLOTRON OF SIN

H. A. Willax

Swiss Institute for Nuclear Research, Villigen, Switzerland

Summoary

A 530 MeV ring cyclotron, using a 72 MeV
cyclotron injecter (Philips design), for a cw proton
beam of 100 pA at 50 MHz is under consiruction 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 1/4 ring section, containing
internal elements, was investigated under operating
conditions. Resulis are presented and discussed.

Fig. 1 SIN site, November 1972

Intrcduction

The institute is financed and operated by the
Swiss Confederation. [t is an annex institution of the
Swigs Federal Institute of Technology (ETH). The 27
acre site of the SIN laboratory near Villigen is in
clese neighbourhood to the Swiss Federal Institute
for Reactor Research (EIR) of Wiirenlingen, about 40
km west of the Zurich airpor:s. The main goall is to
provide intense meson beams to experimental groups
from Swiss universities and frorm other research
lakborateries. Protons, as primary particles, are
accelerared in two stages to an energy of about 530
MeV. The firs: stage is a conventional AVFE -cyclotron
designed fer the acceleration of protons al Jixed ener-
~ and high beam intensities, as well as d, o parti-
clos an av variacle energy. Lhis feature
zlso enables the rescarch on miclear siructure-
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universicl

o . .
i H.Cr:i.\"\' S VISR 13

seriviy

[he =econd
[&V proiouas (
2

AL ES

phaze is shown

solenold of 12 om
under devel

The omuoen b

onduceti
and 8o length
(I‘h:n‘mﬂi:

108 4 /5

the 72 MeV njecior
olland o 7ol IDGT

Bain o [

Ly
i il

Fig. 2 Layout ¢ the SIN experimental hall
Table I
Expected 7 -beams at SIN

Range of .
Target Beam | 6prod Energy Ap/p Intensllty Conditicns
(MeV) (sec-1)
c Lo 0 50 -330 | 1 .2 % | #*1x1010 | 5250 Mev
12 em w7 x 108 ap/p=t2.5%
= 40 msr; 1= 17 m
Mo AE, 90° 50-100 | t15 %) wv1x109 at 60 MeV
3 em - 3 x 108 ap/p=ta%
Q= 60 mar; 1= 9,3 m
"y 40° 50-100 | Y11 % | % 5x108 at 60 MgV
ap/p= "6 %
@= 50 mar; 1=10.5m
[ ™) 22,5 | 50 -400 | T (o3| vt 5107 at 300 YieV
.5 em ¥ 6 x 108 ap/p=T2%
0= 13 mer; 1=20m
"My | 67.5° | o150 |t 4wk wt2x108 | at 100 Mev
72 x 107 Apfp= T 5%
0= 50 mer; 1= 11 m
My 22500 20 -400 | v 1w | gt 1108 at 250 MeV
n- 6 x 106 ap/p=t39
Q= 1l mer; 1= 13 m

The Ring Cwvclotron

The ring cycloirond has eight separated 250 «
C~magnets, providing an isochrenous field cver a
radial range from 200 0o 460 cm. The ‘
are slighily spiralled (339) since pure !
would not be suficient for the
conslideration. The pole zap varies from 2 to 5 o
with incressing radius, providing a kill tield from 15
to 20,8 kG with a main exciiation of 14¢, 000 Ar for
cach magnet, The isochronous rield (y x 3,33 Lk,
corresponding to a cyclotron ‘requency o 3,
is not variable, Eighieen sels o 400 At pole face
windings in each second magnet, as indicored in Fig.:
are designed for small fleld corrections, In the ofl
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by individual 250 kV RF power amplifiers, jointly
driven by a highly stabilized master oscillator.
Voltage and phase control are provided in the cir-
cuits?.
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Plan view of the SIN ring cyclotron

The stainless steel vacuum chamber sections
are directly joined to the magnet poles by flexible
welded joints, The remaining sections of the vacuum
chamber, built of aluminum (''free sections')contain
probes, collimators, injection and extraction devices.
The individual sections can be joined either withmetal
gaskets or inflatable bellows, carrying radiation re-
sistant elastomers as gaske:s. In view of the acti-
vation of machine components, a main design goal
was a relatively simple assembly, and quick mounting
- demounting procedure for all main par:s.

A combination of turbo-molecular pumps and
titanium sublimators joined to the RE cavities, pro-
vide 14, 000 1/s each at 10-6 Torr operating pressure.

The beam is injected at 72 AeV in the mid-~plane
through a combination of bending magnets, followed
by a magnetic injection charnel and brought onto the
equilibrium orbit by means of an electrostatic in-
tlector channel. There is a complete separation of
the orbits at injection radius, assuming cavity
voltages > 400 1V, With about 1.5 MeV energy grin
per revolution the radial gain is 6 mm near ex-
iraction radius, increasing to ~8 mm at the ex-
traction point due to the turnover of ithe magnetic
field gradien:. Incokerent radial beam amplitudes
will be ol the order of 3 to 4 mm in thig region. The
extraction system consisis of a 1. 2 m electrostatic
channel of 50 kV/cm wilh & very thin septum (Mo),
placed in a Y'i{ree section'. [t is {ollowed by a magne-
ric ‘ocussing element 459 downstream and an ex-
rraction scptum magnet 90° downstireamr. For such a
vsiem exiraction rates of above 90 % have been com-~
puted®.

Sceveral probes will be used for tune-up. Three
multiling er probes, entering the ring chamber from
she inrer radius, are designed to sop the circulating
beam up 2o a radius corresponding 1o A 150 VeV,

Wiih secondary amnlsslon probes and a heavy int
radius, the beam can be treced out to the extraction
radius. [Tleven pairs of non-interfering phase probes
ai different radii will provide informraiion on iso-
chronism during operation.
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Table II
Main parameters of the SIN ring cyclotron

P I ndividoal svetions

oy

Intensary

Fmitrances %, 2
Cnerating pressure

Welght of magrets

Pulse -

Foa 105

Platter factar
Spiral angle A 334 max. A4 x H00 KW

25 MW

(zceleration)

traction)

(4 cavities,

RF-~irequency lixed)

Beam :njectior and
exiraclion

forced precession

The accelerator control system9 is designed to
use a computer as an operating aid (IBM-1800 23 K
3 Disc). The signal transfer to and from the control
center is digitized and a multiplexing system handles
the flow of information (ROAD, Rapid Operation +
Acquisition Dataway). The hardware is modular.
Hardware and software can be adjusted to the increa-
sing demand of automation. For the initial operation,
manual control of the important parameters is pro-
vided by "setpoint units'’, allowing "knob twiddling".
In the early phase the computer will mainly be used
for routine settings and rapid data acquisition.

This ring cyclotron, being an unconventional
version of a sector focussed cyclotron in the technical
gsense, has gone through several phases of study and
development before the design was frozen and Jabri-
cation of the components started. In the begirning, the
development progressed slowly since direct experi-
ence in accelerator engineering scarcely existed at
ETH. Early model work, linked with theorezical
studies, was carried out from 1963 - 1966. The main
concerns were beam dynamics, ihe developrien. o
sector magnets, RF cavities and vacuum system as
well as seme principal design studi n 1967 it was
decided to change the design goal of the injecior from
lixed energy fo an additional, multi particle variable
energy capability. More serious project studiesl0 and
the construction and testing of full scale proiotypes o
the main components (ollowed in the years ‘rom 1967
- 1970. Encouraged by :he good results achieved with
the prototypes of a sector magnet, an REF cavity and a
vacuum chamber system, in spring 1069 the final de-
sign energy of the ring was changed from 520 o 550
MeV without basic alieration of the mechanicel design.
The design limitations of the magnets had to be ap-
proached (excitation raised by 15 7, 1lux density in the
yvoke exceeding 16 kG) and a refined sysiem of cor-
rection coils had to be developed (number of radial
seciicns increased from 11 to 18). After re-machin-
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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-
trical arrangement of the main components in relation
to the main field.

j SIN RING CYCLOTRON
GEOMEYRY OF COMPONENTS
AND WAIN MAGNETIC FIELD

. [ — g
|
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5 Cylindrical section through ring cyclotron at

an outer radius

Fig.

Components in Figs, 4 and 5:

) RF-cavity

} Electrostatic inflector
) Electrostatic extractor
) Phase probes

5) Magnetic focussing
channel

Feeds of the TC
Magnet poles

8

1
2
3 )
4 7)
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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) The effects of stray fields of neighbouring magnets
upon each other.

2) 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).

3) The achievement of proper voltages on inflection
and extraction channels within the existing magne-
tic field and under RF influence.

4) 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 indi-
vidual sector field was found to be a homogeneous
depression of a1 %, almost exactly following the con-
tour of the hill field, With an increase of the main
excitation by ~ 3 % (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 shimsf,

In September 1872 a complete set of correction
coils (TC) was mounted in one magnet of the 1/4 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 1/4 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
aluminum surfaces of the TC-assemblies had to be
pumped initially. Baking those elements at tempera-
tures between 100° 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 9% of full excitation, ~ 10 hours (compared to 5 - 7
hours in the prototype) were necessary to achieve the
"brake-through' for resonance conditions. Also, ‘he
surface ouigassing at higher voltages took more effort
than in the prototype test.

The reason for the unexpected misbehaviour of
this cavity was attributed to the presence of flying
dust, carried in from the work area of the experi-
mental hall during the assembly time, This assump-
tion was verified recently, when the second 1/4 ring



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 1/4 ring to
520 kV for a total of ~ 20 hours, it 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 %. 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 ‘ew hours of bake-
in,on both electrodes 105 kV (E = 87 kV/cm) could be
held, the spark rates being about . 6/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 were 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 amount of the RF power leakage
through the acceleration gap of the cavity could be
carried by accelerated electrons which are created
by field emission and residual gas ionization. This
effect, however, has to be investigated 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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Trace of different parameters taken during a
typical 1/4 ring test run at probe positions as
indicated in Fig, 3. In this case the main
magnet excitation was changed computer-
controlled.

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,
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Space between two magnet sectors, ready

for insertion ol an RI' cavity. Along the
magnet yvoke TC-leads visible. Flanged onto
the vacuum chamber are the feeds and
adjusting mechanism of the magnetic focus-
ing channel for beam extraction (center).
Left foreground: A combined sel ol turbo-
molecular pumps and Ti-sublimator, to be
flanged onto the cavity.



A series of tests was carried out to obtain
information 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 location of measurement) could be
noticed once the magnetic field was turned on. In
Fig. 8 a typical measurement of the x-radiation,
varying with the RF voltage and the magnetic field,

ol
is shown.

The system tests of the first 1/4 ring section
15, 1972
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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
thf he nvnpr\’rpd \npr‘ al care has to be taken with

the cleanhneSb 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

After the second 1/4 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 March 7, 1973,

While thorough tests with two cavities will be

ried out, the magnetic field measurements are
1cen ed on the influence of the magnetic in-

ction and extraction elements, placed closely to the
adlal range of acceleration. To apply the proper
corrections for these field disturbances, we allow
three months, It is the goal to have the ring cyclotron
‘or beam accentance by fall of this year.
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