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Abstract

This paper gives an outline of the modifications which have recently been made on the

INR 120-cm cyclotron.

quality and replacing the septun for increasing cycletron reliabilitye.
will be converted into a three fold sector focusing cyclotron.

These include: increasing the beam energy, improving the beam

The machine
The designed energies

are as follows: for protons 10-30 MeV, deuterons 10-1€ MeV, Jd-particles 10-32 leV.
Some design features and work in progress are briefly described.

1. Recent status The INR 120-cm cyclotron

was first put into operation in 1964. For
many years it was used mainly for low energy
nuclear physics research, RI production, ac-—
tivation analysis and radiation effects stu-
dies with 6.8leV protons, 13.6leV deuterons
and 27.2MeV Jd-particles.

several modifications have been made:

In recent years

1) increasing deuteron energy from 13.6 eV

to 16 eV by readjusting the magnet shims and
increasing the magnetic field from 14.€ kG

to 16 kG.

2) obtaining 3.5 lieV protons and 7.0 MeV deu-~
terons by accelersating H;, DH+ or D+H with
Q/A=1/3 molecular ions with a vacuum capacitor
added to the resonant line which lowers the
frequency range from 8.5 IHz to 8 Miz.

3) shrinking beam profile by a factor of 3 by
installing a three bar focusing magnet cha-
nnel after the deflector.

4) reducing the energy spread from 1.5% to
0.7% by improving the stablity of the deflec-
tion magnel power supply to 1.1074 and ins-
talling a synthesizer allows the stabiliza-
tion of the RF frequencies to 1-10"6.

5) reptacing the tantalum septum with specific

graphite which can stand the beam power of
about 2500 watis and has been used without
replacement for several years.

Recently, this machine is ultilized exten-
sively for the analysis of ion-induced x-rays
and applied science.

To further
extend the research field of low energy nu-

2. Further conversion project

clear physies, nuclear technology and appli-
cation of radioisotopes, the cyclotron will
be converted into a three fold sector focu-

sing cyclotron. The conversion project has

been described earlier(1). The main parame—
ters as shown in table 1 and some design

features are therefore briefly described.

Table 1 ain parameters
Energy constant X 32 MeV
Magnet pole diameter 1386 mm
(vacuum chamber 1id)

AVE sectors 3
Spiral angle 45° lMax
Gap on hill 146 mm
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Gap in valley 224 mm

Trim coils 9 pairs
Valley coils 3 pairs/sector

Average field 14.3% kG lax

Frequency Range 10.5-21.5 lHz

8.51Hz (adding
2+500PF vari-
able capacitor)

Dee 180° single
Dee he;ght 48 mm
Beam aperture 30 nmm
Dee-ground clearance 34,5 mn
Dee voltage 70 &V

2.1 Hagnet Field The original 120 cm conic

pole tips will be replaced by cylindrical
ones of 144 cm diameter, which are made from
forged carbon steel. After enlarging the
pole tips, the cross-—section area of the
vacuunl chamber 1id will be nearly increased
by 30%.

mm to 187 mm, it is possible to maintain

By reducing the mean gap from 200

the average magnetic field up to 14.3% kG
without a substantial change in the main
winding turns of the electromagnet. To
decrease iron saturation effect and its in-
fluence upon the megnetic field configura-
tions, the edges of the vacuum chamber 1id
and the sectors are rounded (2). The profile

of the magnetic structure is shown in Fig.1.
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Fig.1 Pole profile of the magnet
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Both the trim and valley ccils are fabri-
In the
centrel region, a pair of coils around the

cated with minersl-insulated cables.

central iron disk for adjusting the conic
magnetic field are provided. The upper and
lower ccil currents of the innermost trim
coils can be unbalanced using separatc power
supply for adjustingthe central median plan&32
Nine power supplies with stability of 1'10"4
are used to achieve isochronism law at all
energies. The valley cecils are connected
and powered in the way that the resultant
mean magnetic field contribution is zero,
meanwhile the first harmonic field can be
produced and its phase can be controlla;4).
Three valley coil power supplies with stabi-
lity 3-10"4 drived from three taps, spaced
by 120 electrical degrecs, of a sine-cosine
potentiometer are provided. Fig.2 shows the

arrangement of trim and valley coils.
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Fig.2 Sector forms and arrangement
of trim and valley cciln
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The vacuum chamber follows the design of
the o0ld ones, except the dimensions are en-
larzed. In order to fit the original resona~
tor both the corners are tapered.

2.2 BF System  The RI' accelerating system
will be converted from a two 180° dee system
to a single 180° dee system which is suppor-
ted by two stems and tilted at 20° from ion
source axis. The frequency ranges will be
therefore changed from 8.5-16111z to 10.5-21.5
1Hz, respectively. The single 120° dee SysS—
ten offers some advantages. The short plate
is capable of carry a short current of 36504
at a current density of 58A/cm for a T5kV
(pewd) excitation at 21.5 1ixn. The equiva-
lent first lwrmonic due to the unbalonced
dee voltage along the electrode is reduced
and the control of the central orbits, in
rarticnlar the selection of phase width, is
‘acilitated.

requirenents, it is better to reduce the

According to the designing

lower frequency range from 10.5 1Hz to 8.5
1Hz.
variable capacitors, located on the separate

This range will be tuned by two 500PF

resorator lines. These capacitors may also
serve as trimmers at 21l frequencies.
At the tro

from matehing the unbalanced impedance of

witter end, the problem arlses

the coaxial feeder ond resonator to balanced
cutput impedance of the troansmitter. This

could be solved by nedifying the pover ampli-

fier stoge of the trinsuibior.  Bub in
tice tiis is not stroichbforward. It is

dacided not to medily transmitter but to

incorporate o baluw usic. The schematic
dingram of the I system ond the balum unid

are shown ln Jlge’3 and Tige4, respectively.

2.3 Ion Scurce, ceniral Region and Zxtraction
System The present design of the central

resgion is siiovm in Pig.b. The ion source is
similar to the original PIG ones, except the
height and the head steoring structure are

changed. The position of the ion source 28
well as the dee puller can be adjusted from
the outside of the cycliotron. Using the

clectric field measured from the three dimen-

sional electrolytic tank, calcunlations of
particle orbits in the central region have
been carried out. It was found that:

1) with the deeoffset
the ion source axis, thg axial focusing force

is increased evidently ‘ ).

at an angle of 20° to

2) By providing a central conic magnetic
field above the isochronous field about 1-2%,
the phase lag could be compensated. This
field also offers the magnetic focusing out
to the radius of 10-12 cm, where the flutter

focusing becones effective.
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Pig.3 Schematic diagram of II' system
(1)uyntnesizer; (2)fransnitter;
(3)Balun unit; (4)Power detccthor;
5)Dec; (6)Vacwua chanmber; (7)R7
teluner; (8)Variable capacitor;
(9)Inner stem; (10)lNeasuring capa-
zitor.,

to resona—
- tor

to RF power

supply Lﬂé

L
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Fire4 Schematice view of the balun unit

The beam is extracted by tve sets of elec-
trostatie deflectors with angular length of
50° and 52° respectively. The first set has
a homogeneous field in order to ensure a mini-
mun thickness of a septum. The second one has
radial focusing electrostatic field that com-
pensates radial defocusing forces in the ra—

pid dropping field. Extration takes place at
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Fig.5 Iay-out of central
region
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deflection is to be generated by a first har-

The orbit separation before

monic magnetic field component causing a
coherent oscillation amplitude followed by a
precessional motion of the orbit beyond the
radius where Vr =1. Calculations show that,
for instance, the 34 lleV proton beam at the
radius 610 mm obtain a total orbit separation
of 5 mm with a first harmonic magnetic field
of 6 G, as shown in Fig.6. The beam has to
pass the V,=2 V,

ve that the blowing up of the beam due to

resonance. One can obser-

this resonance can be avoided if the first
harmonic magnetic field is less than 7 G (6),
as shown in Fig.7.

After the deflector, the beam enters the
focusing magnetic channel, which is made of
three bars of circular or elliptic cross sec-
tion. It can provide approximately constant
focusing gradient for variable energy.

In order to reduce the fringing field, a
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Fig.7 Axial amplitude for the diffe-
rent turn numbers (for several first
harmonies)

nagnebic veakening channel with soft iron is
provided. It gives the shielding coefficient
from 0.01-0.095 at change of the external field
of 3-5kG.

Just into the beam line is a pair of stee-
ring magnets which deflect the beam both in
horizontal and vertical direction up to * 1°,
*0.5%, respectively.

Fig.8 shows the arrangement of several
units in the vacuum chamber.

3. Work In Progress Ve arc presently enga-

ged in conversion studies and in preparction
forconversion project. At the tine of wri-
ting (July . 1981) many elements have been
completed or are wnder test in the following
areas:

The magnet pole is completed.

The vocuum chamber including sectors, trin
and valley coils are completely asseabled at
the factory for electrical test of the entire
set of coils.

All the trim and valley coil power suppli-
Their
control console has been installed and con-

es have been installed and testod.



Proceedings of the 9th International Conference on Cyclotrons and their Applications
September 1981, Caen, France

Fig.8 Iay-out of the cyclotron
{1)Deflector probe; (2)Dumny Dee;
(3)Deflector adinatont device;

(4)Foousing normatic channel; (5)
Ion source & rain probe; (6)lagne-
tic weakening channel; (7)Steering
magnet; (")Dea; (2)iagnet; (10)Defle-
ctor; (11)Diff. pump; (12)Short plate;
(13)Puller adjustment device;(14)
Dec probe.

trol wviring is in progress.

The RF balum unit is complsted and under
test using simulated loads.

The magmetic field measuring equipment is
being tested.

The ion sources are ready for test.

The dee is under fabrication at the fac-
tory. It is expected to be delivered soon.

I'nany other itewms are in the preparation
stage of fabrication in the workshop of our
institute, e.g. the deflector systom, the
magnet channel and the RF trimmer.
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