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AN INJECTOR CYCLOTRON FOR CYCLONE

Y. JONGEN AND G. RYCKEWAERT
Laboratoire du Cyclotron
Chemin du Cyclotron, 2
B-1348 Louvain-la-Neuve, Belgium

SUMMARY .- A heavy lans facility for CYCLONE (Belgium) is described. It consists of an injector cyclotron, able
to accelerate heavy ions to a K value o 70 MeV Q2/A, with an upgrading possicility of 100 Mev G</A. Expected
irtensities are large. Some design aspects are described, allowing the cost of the project to be quits’ low.

CYCLONE 1is a varizble ensrgy lsochronaous cyclo- It is planned to build near CYCLOME & heavy ions
tron opperating in Louvain-la-Neuve (Belgium). injector cyclotron injecting thrcugh the median plane
Maxirum proton energy is 95 MeV and for heavier Zons to an internal stripper. The K value of the injesctor
K = 110 MeV Q2/A. Extracted beam intensities are will be 70 MeV G2/A, with an upgrading possibility
quite large, varying with energy to give a roughly to 100 MeV Q2/A, which means for the given mass ta
constant maximum beam power somewrhat above 3 kiW. The charge ratio range {from 7 to 17) an injection energy
cyclotror is most often used in the 1 kW besam power between 0.25 and 1.5 MeV/nucleon. Injected beam in-
region for physics experimants, isotopes production tensities should be large : 6 1014 particles/second
and neutror therapy. for the low charged "light” heavy ilans.

There is a prozosal to extend the possibilities In figares 1 and 2 the expected naximum energies
of the machire in the heavy ions field, keeping the and intensities versus atomic number ars comparzd to
high energy and intensity characteristics. some accelerators existing or ir project.
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INTENSITE MAXIMUM DES MACHINES EXISTANTES OU EN PRUJET A CE JCLR
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Figure 2

Fowever, the most difficult specification to meet
is not coming from physics zonsiderations @ there are
now, at least in Belgium, serious prcblems to get
noney far a new ruclear ressarch project. So, to have
a chance to be aczcepted, the injector cyclotron has to
be really cheap.

To succeed in such an enterprise, a really econo-
my-mindzZ design lg required. Some aspects of this
~hilosophy are develcped here.

For a given magretic rigidity there is ar econo-
mical optimum for field and size. Minimizing the sum
of <he iron, power supply and energy ccsts and consi-
dering the small gap and flutter required, an cptimum
figld of 18 kG was found, gilving a pole diameter of
1.72 m, This, combired with a mean gap cf 12 cm
results 17 2 magnetizirg power 2f only B0 kW. Further-
more, theres is the possibility in the future to reach
18 kb just zy doubling the current in the main coils.
The whole design is made compatible with this possibi-
lity.

To keep the possitility of ar iscchronous fizld,
a small amount of flutter is reguired. This flutter
is provided by two times four sectors of 1 cm tHick-
ness, strongly spiraled.

Tc get a rigourously uniform magnetic field for
the heavy Ions P.T7.G. source, a 20 cm diameter flat
region 1s provided in the center, with no axial hole.
This is z2lloweda by the large radius of the first orsit.

Magriet tecanclegy is classical, with a yoke made
z¥ thick iron plates. Tne effects of mechanicel inac-
curacy of yoke 1s minimized by the use cf homogeneizing

geps and careful shimming after comgletion. Optimum
injection erergy being inaccirately fixed oy stripping
considerations, exact value of magnetic fizld is fixed
by the necessity to have a simple ratio betwsen injec-
tor and main cyclotron R.F. computaticns shaw that 2
mirimum field of 14 kG is enough to fill ths R.F. ran-
g2 without any hole., For this reason, some trimcoils
and harmonic coils are provided requiring low power dus
to this small excursion of the ‘ield.

Radio-freguency system design is complicatecz by
the fzct that crbital freguencies are vary low from
1.2 to 3.7 Mc/s. At such low frequencizs, coaxzal
lines and panel type cavities are unpractically large.
A solution would be to use very high harmcnic modes
but ther the phase acceptznce at the center becomes
very smail and the only way to r2ach the high beam cur-
rents reguired seems to use a biased source. This is
2 very complicated and exgensive sclution.

So it has been decided %o go to a more conventic-
ral structure : two 90° dees, connected together at
the center and working always in ssccnd hzrmonic mode.
The frequencyrange becomestren 2.5 t2 7,5 Mg/s. To
tune the dees, two short helicaly wound lines at atmos-
preric pressure are provided. The realizatior cof a
movable short on an felical line seering difficult, it
has been decided to use 5 sets of different coils, easy
to exchange. Intermediate turing is dore by tws large
coaxial capacitcrs under vacuum.

Maximum cee veltage will be 35 <V which ccrres-
ponds to a maximum power of 30 kW. This power i3 Fed
from a hcme mage R.F. power amplifier Daseg on an inex-
pensive tetrcde tube. Freguency is coming from the
main cyclotron through saitable multiplyirg/dividing
and dephasing modules.
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Source is a P.I.G., hot cathode, source of the
Cubna type. It will be introduced radially.
Sputtering and furnace models are also foreseen.
Vacuum system and extraction are classical and docn't
need further comments.

The iInjector cyclotrcn is designed in such 2 way
that most of the elements can be realized in the
institute shops, and only the largest parts are sub-
contracted ir the industry. In such case it is pos-
sible to realize the cyclotron within a budget of
only 25 millions Belgian Francs {(approx. €00.000 2).
This coesn’'t mean that it represents the true price
of the cyclotron because the use of the manpower and
facilities of the actual cyclotron laboratory are not
includec.

Concerning the operating costs, the small total
electrical power (< 200 kW), the use of inexpensive
consumable components and the fact that the operation
and maintenance team is the same as for tne main cy-
clotron allows to hope that the cost of onme hour of
injector will be lower than a Fifth of the cost of
one hour of the main cyclotron (roughly 1008 in 1575).

Finally, let’s point out the fact that this de-
sign appeared to be successful at least on a first but
important point the required budget has recszivec a
“irst official asgreemert and it is expected tnat the
construction will start in the beginning of 76. I it
does,first injector beams are expected in 78 and high
energy beams in 79,

INJECTOR CYCLOTRON PROVISIONAL DATA

1. Ferformances

energy limits 5
54 to 70 MeV x Q7/A (basic version)
54 to 100 MeV x Q2/A (upgraded)

mass to charge ratio
7 S AMQ <17

intensity limit
6 1014 p.p.s.

2. Magnet

numbar of sectors 4
height 2,0m
width 1,84 m
length 4,1 m
weight 110 Tons
pole diameter 1.72 m
extraction radius 775 m
valley gap 13 cm
hill gap 11 cm
useful gap centar 11 cm
other 10 cm
minimum mean field 4 kG
maximum mean fileld normal 15 kG
upgraded 19 kG
ampere turns normal 190.000
upgraded 342,0C0

3. Radio-freguency system

number of dees 2
(connected together at the center)
aperture g0°

frequ. range 2.5 to 7.5 Me/s
type of cavity

short helical line at atmospheric pressure

tuning

coarse exchange of helix

fine ¢ variable capacitor under vacuum
max dee voltage 35 kV
max R,F. power 30 kw

better thanﬂD—B

freq. stability
better than 1073

ampl. stability
4. Ion source

P.I.G., hot cathode, Dubna design
radially introduced

5. Extraction

electrostatic deflector
passive gradient corrector
3 guadrupole magnets

2 steering magnets

B. Vacuum system

0il diffusion pumps

number 2

speed 2 x 12,000 1/s

baffle freon-ccoled
roots pump 450 m3/h
pump cown primary pumg 100 m3/h
normal use primary pump 30 m3/h

sas primary pump 2 m3/h




