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Abstract

Table 1: Main Specification of CS30

This paper reports a method to reduce the beam energy
of the CS-30 cyclotron from 26.5 down to 10 MeV using
the internal target system in CS-30 cyclotrons for isotopes
production. Irradiations of solid targets, in this type of cyclotrons, take place when the target is positioned horizontally inside the cyclotron tank. In its final position, the target plate interrupts the beam from completing its orbit and
nuclear reactions take place. Calculations are made to determine the beam energy as a function of radius. Verification of the new method was achieved by producing pure
Ga-68 at an energy level of 11.5 MeV.

INTRODUCTION
Production of radioisotopes by CS-30 cyclotron at
KFSHRC started in 1982 with seven targets, each positioned at the end of a beamline. In addition to these seven
beamlines, it is also possible in this type of cyclotron to
irradiate a solid target internally. A special ISO-RABBIT
mechanical system connects the cyclotron with one of the
hot cells to receive the target before irradiation and deliver
it after irradiation. The internal target is located inside the
cyclotron tank at the edge of the pole where the proton has
gained full energy of 26.5 MeV [1]. Table 1 illustrates the
specification of the CS-30 cyclotron [2].
Cyclotrons have an extraction system, comprising the
equipment that extracts the beam from the accelerated region to the main beamline of the cyclotron. In negative ion
cyclotrons (whose accelerated particles are negative ions),
this is done by stripping electrons from the negative ions
using carbon foils. In positive ion machines, the mechanism is more complicated, consisting of an electrostatic deflector (which has two parts: a septum. Septum made of
tungsten, held at zero potential, and a high voltage electrode) and a magnetic channel to eliminate the magnetic
field effect of the extracted beam. On the last rotation, particles experience a strong electric field capable of modifying slightly the trajectory of their orbit [3-6].
Figure 1 illustrates the internal target mechanism of a
CS-30 cyclotron, which holds the target plate (to be irradiated) in final position at the edge of the pole where the proton energy is 26.5 MeV.

Parameter

Value

Proton Energy

26.5 MeV

Deuteron Energy

15.0 MeV

He-3 Energy

38.0 MeV

He-4 Energy

30.0 MeV

External Beam Power

2000 W

Pole Diameter

38 inch

Weight
Number of Dees
Acceleration mode
Voltage Gain Per Turn

22 t
2
fundamental
100 kV

Figure 1: The normal position of the internal target during
irradiation at 26.5 MeV.
This paper reports the possibility of reducing the cyclotron energy from 26.5 down to 10 MeV by moving the internal target mechanical system toward the central region
of the cyclotron. The low energy beam, then, can be used
to produce low energy-produced isotopes such as Ga-68
(produced at 11.5 MeV).
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CALCULATIONS OF BEAM ENERGY
AND TARGET MODIFICATIONS
Calibration Curve of the CS30 Cyclotron
In order to, precisely, specify the energy level as a function of radius, the calibration curve was calculated as following [3]:
Consider the isochronous field of a cyclotron, i.e.:
〈𝐵〉 = 𝛾𝐵 ,
(1)
where B0 is the cyclotron average magnetic field and γ
equals to:
𝛾=
,
(2)
where;
𝛼=

,

(3)

𝐸 = 𝑚 𝑐 = 938.2 𝑀𝑒𝑉 ,
𝑇 = 𝛾−1 𝐸 ,

(4)
(5)

where T is the energy level at different radii. Figure 2
shows the calibration curve of the CS30 Cyclotron.

Figure 2: Energy-radius relationship of the CS30.
In order to produce Ga-68 at 11.5 MeV [7], the internal
target system was moved inward into a distance of 27 cm
from the central region. This value is with respect to an energy level of 11.5 MeV. Beam position on target was examined in two energy levels: at 26.5 MeV Fig. 3 (A) and at
11.5 MeV Fig. 3 (B). At 11.5 MeV, the beam is off-centre
and hit the top part of the target plate. Therefore, it is
clearly indicated that the radius of curvature is not aligned
with the new position of the target as it is in the outer radius
case at 26.5 MeV. Therefore, target holder needs to be modified.

Modification of Target Geometry
The target mechanical shaft is off-centre, as shown in
Fig. 4. The perpendicular distance between the canter and
the shaft centreline d is 10.67 cm. The target surface should
be tangential to the beam orbit. From geometry, the angle
of the target to be tangential will be:
,

For beam energy of 26.5 MeV, r is 41 cm and θ is 15.04°
and for beam energy of 11.5 MeV, r is 27.6 cm, and θ is
22.74°. Target holder should be modified to fit the target
carrier. From this perspective, the new dimensions of the
target for an energy level of 11.5 MeV (as shown on upper
right of Fig. 4) are: a = 7.1 cm, b = 3.6 cm, c = 8.0 cm and
d = 0.5 cm.

Figure 4: The target surface should be tangential to the
beam orbit.

Beam Position at 11.5 MeV

𝜃 = 𝑠𝑖𝑛

Figure 3: The beam position on the ISO-RABBIT target at
(A) 26.5 and (B) 11.5 MeV.

(6)

where d = 10.67 cm is the distance between canter and shaft
centreline, and r is the orbit radius.

It should be noted that the production of Ga-68 was produced before modifying the target geometry, in order to
verify the energy of the cyclotron with respect to the radius.

Ga-68 Production
The enriched Zn-68 was electrodeposited onto a copper
disc as target support using a solution comprised of 68ZnCl2
and 0.05 N HCl (concentration of Zn-68: 25–30 mg/mL)
and a current density of 350 mA (43.75 mA/cm2). The electroplating process was performed for 20 minutes. The
weight of deposited Zn-68 on the copper disc was around
166.0 milligrams. The target was then transferred and
mounted in the cyclotron. Figure 5 illustrates the shape of
the target before and after being coated with the Zn-68.

Target Irradiation
Ga-68 can be produced by the cyclotron via the
Zn(p,n)68Ga reaction in a solid target. The copper disc target was transferred into the internal target holder via an automated target transfer system. After that, the target was irradiated by proton-beam energy of 11.5 MeV with beam
currents of 40–50 μA for 120 minutes. After irradiation, the
68
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target was transported from the target holder in the cyclotron vault to the processing hot cell within the radiochemistry laboratory. In the hot cell, the solid target was dissolved. The chemical separation of Ga-68 was per-formed.
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CONCLUSION
The possibility for reducing the cyclotron energy from
26.5 to 10 MeV was achieved in the CS30 cyclotron at
KFSHRC. Calculations are made to determine the beam
energy as a function of radius. Verification of the new
method was achieved by producing pure Ga-68 at an energy level of 11.5 MeV.
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Figure 5: The copper target before and after being coated
with the Zn-68.

RESULTS AND DISCUSSION
The radionuclide purity was assessed using gamma-ray
spectroscopy equipped with a high purity germanium detector (CANBERRA, model: GC1518) and GENEI 2000
software was utilized. Figure 6 shows the main gamma
lines of the Ga-68. To assess the presence of radio isotopic
contaminants such as Ga-66 or Ga-67. Such Ga-67 impurities cannot be chemically separated, and the labelled compounds will have the same bio-distribution and kinetics as
Ga-68. Measurements of Ga-67 and Ga-66 were made after
12 hours’ decay of Ga-68. The Sample was counted for 5
minutes immediately after the end of separation.
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Figure 6: Characterization of Ga-68 by high purity germanium detector after production.
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