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Abstract

A 50 MeV H™ compact cyclotron as a proton irradiation
facility is under construction at China Institute of Atomic
Energy (CYCIAE-50). The proton beam with the energy
of 30 MeV to 50 MeV and the current of 10 pA will be
extracted by a single stripping extraction system. In order
to reduce the beam loss, the combination magnet is fixed
inside the magnetism yoke. The positions of stripping
points for the different extraction energy are calculated
and the extracted beam trajectories after stripping foil are
simulated in detail in this paper. The extracted beam dis-
tribution after stripping foil and the extracted beam char-
acters will be studied in this paper. The beam parameters
after extraction will be given by the extracting orbit simu-
lation. The design on the whole stripping extraction sys-
tem has been finished and will be presented in this paper.

INTRODUCTION

China Institute of Atomic Energy (CIAE) has been
devoted to the development of the technologies on proton
cyclotrons with high intensity and medium & high energy
superconductive proton cyclotrons since 1958, when the
first cyclotron had been built at CIAE [1]. CIAE has
successively built a series of high intensity beam proton
cyclotron with different energy ranges of 10 - 100 MeV
[2-5]. For 100 MeV H- cyclotron at CIAE (CYCIAE-100),
more than 1 mA beam has been used on the internal target
and maximum proton beam current of 520 pA was used
on the power target last year [6, 7]. In order to study the
radiation damage to spacecraft materials and devices
induced single-particle effects in the space radiation
environment, a 50 MeV H" compact cyclotron as a proton
irradiation facility is under construction at CIAE
(CYCIAE-50).

CYCIAE-50 consists of a 50 MeV proton cyclotron,
two beam lines and two radiation effect simulation exper-
imental target station. The 50 MeV proton cyclotron is a
compact cyclotron with the proton beam energy from
30-50 MeV, and the beam intensity is from 10 nA to
10 pA. The cyclotron is about 3.2 m in diameter, 3.5 m in
total height and 80 t in total weight. The proton beam will
be extracted by a single movable stripping extraction
system. In order to reduce the beam loss, the combination
magnet is fixed inside the magnetism yoke. The extracted
proton energy can be extracted continuously by changing
the stripping position in the radial direction under the
fixed magnetic field and RF frequency. A single stripping
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probe with a piece of carbon foil will be inserted radially
from the main magnet pole. The proton beams with the
energy range of 30 - 50 MeV will be extracted by charge
exchange with stripping foil and then be transported into
the crossing point in a combination magnet center sepa-
rately under the fixed main magnetic field. The combina-
tion magnet is fixed between the adjacent yokes of main
magnet in the direction of valley region. The difference of
stripping extraction system between CYCIAE-50 and
CYCIAE-100 is only single stripping probe is chosen and
no foil changing system is used for CYCIAE-50 due to
the much lower extracted beam current of 10 pA.

The extracted beam optic trajectories are studied in de-
tail in this paper. To keep all the proton beams with vari-
ous energies transported through the same crossing point
in the combination magnet, the stripping probe can be
moved in the radial direction and rotated in the angular
direction. The positions of stripping points for the differ-
ent extraction energy are calculated. The extracted beam
trajectories after stripping foil and the extracted beam
distribution on the stripping foil are simulated in detail in
this paper. The design on the combination magnet will be
given in this paper too.

THE POSITIONS OF COMBINATION
MAGNET AND STRIPPING FOIL

The positions of the stripping points and the combina-
tion magnet are chosen by calculating the extraction tra-
jectories of extracted proton beams after stripping foil for
different energy with the code CYCTR, which is devel-
oped by CIAE [8]. The main magnetic field used to calcu-
late the extraction trajectories is assumed to have mid-
plane symmetry. The extracted beam energy is chosen by
the corresponding static equilibrium orbit, which is calcu-
lated with the code CYCIOP [9].

For CYCIAE-50, the radius of magnet pole is 1.0 m
and the combination magnet will be set at the position of
(R=1.75m, 6=100°). Figure 1 shows the position of
combination magnet and the extracted beam trajectories
from the stripping foil to the combination magnet center
for different energies. The red lines are the equilibrium
orbits. Table 1 shows the positions of stripping foil with
the extraction energy between 20 MeV and 50 MeV. The
stripping probe is inserted in the radial direction from the
main magnet pole and proton beam will be extracted from
the direction of wvalley. The stripping foil is at
(R=0.9374 m, 6 =58°) for 50 MeV and (R =0.7399 m,
0=156") for 30 MeV. So, the stripping probe needs to be
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inserted radially from the magnetism pole and the mini-
mal radius of inserting the foil is 0.6 m.

Figure 1: Stripping probe and position of combination
magnet. (The red lines are equilibrium orbits).

Table 1: Position of Stripping Foil with Different Extrac-
tion Energy, Combination Magnet is Located Closed to
the Magnet Yoke with (1.75 m, 100°)

bution to the author(s), title of the work, publisher, and D

1

E (MeV) R (M) 0 (Degree)
50 0.9374 57.99
40 0.8464 56.97
30 0.7399 56.05
20 0.6092 55.28

THE EXTRACTING TRAJECTORIES
WITH COMBINATION MAGNET

Figure 2 shows the extraction trajectory including the
< fields of combination magnet for the extracted energy of
3 30 - 50 MeV. The field of combination magnet is different
& for different extracted energy and the bending angle is
@ 45°. The field is zero for the extracted energy of 40 MeV.
8 With the different fields, the extracted proton beam with
& different energy after stripping foil will go through the
S crossing point of the combination magnet center which is
; located at the position of (1.75 m, 100°) and will be ex-
2 tracted along the same direction afterwards. The extracted
O proton beam trajectories for the energy of 30 MeV to
2 50 MeV can be calculated with the code of CYCTR.
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Figure 2: The extracted trajectories with the combination
magnet fields for different energies.
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THE EXTRACTED BEAM DISTRIBU-
TION ON THE STRIPPING FOIL

The extracted beam distribution on the stripping foil can
be got from the multi-particle tracking code COMA [10].
The H™ beam is injected from the symmetry center of
valley with azimuth 6 = 0°, and the beam will be tracked
along the inserting direction of stripping probe. The initial
beam energy is 1.85 MeV at the radius of R=17.4 cm.
The choice of the initial normalized emittance of 0.01 cm?
or &=¢&=4 mmmmrad for CYCIAE-50, which is the
same as the case of CYCIAE-100 used in the COMA. The
input phase space distributions are uniform in transverse
direction and Gaussian in longitudinal direction with the
phase extension of A ¢ = *£20°, 20000 macro particles
are used in the simulation. Figure 3 shows the input initial
phase space distribution and Fig. 4 shows the extracted
beam phase space distributions on the stripping foil with
the energy of 50 MeV.
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Figure 3: Initial phase space distribution with the normal-

ized emittance of 4.0 mmm-mrad and phase width of

+20°.
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Figure 4: The extracted beam phase space distribution for
50 MeV on the stripping foil.

The extracted beam phase space distribution for
30 MeV on the stripping foil is similar as the case of
50 MeV. From the simulation, the normalized emittance
for the extracted proton beam on the foil is almost the
same as the initial case. The beam profile on the foil is
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about 5Smmx9mm and the energy spread is about +1.0%
for 50 MeV.

THE DESIGNS OF THE EXTRACTED
SYSTEM

The designs for stripping extracted system of
CYCIAE-50 have been finished. A single movable strip-
ping probe with a piece of carbon foil can move from
30 MeV to 50 MeV. Figure 5 shows the structure of the
movable stripping probe. The stripping probe can be
moved along the radial direction and rotated along the
angle direction. The precision of radial movement is lim-
ited about 0.01 cm. The minimum radius which the strip-
ping probe can be inserted is 0.7 m and the rotation range
of the probe is =3°. Only one piece of carbon foil is used
for the system and the foil thickness of 120 - 150 pug/cm?
is enough for CYCIAE-50. The stripping efficiency is
about 99.99%.

Figure 5: The structure of the movable stripping probe.

The combination magnet in the 50 MeV stripping ex-
change extraction system is placed at the position
of R=1.75 m, 8 =100°. The combination magnet design is
very similar as the case of CYCIAE-100 [11]. The struc-
ture of the combination magnet is shown in Fig. 6. The
maximum of the field is 0.35T. The maximum bending
angle of beam is 5°. The field is -1.5 kG for 30 MeV and
3.5 kG for 50 MeV. The Bending radius is 2968 mm and
the gap is 82 mm.
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Figure 6: The structure of the combination magnet.

CONCLUSION

All the calculation and simulation on the stripping ex-
traction system has been finished for CYCIAE-50. It is
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very similar as the case of CYCIAE-100. A single mova-
ble stripping probe is adopted in the extraction system.
Because the extracted proton beam current is limited less
than 10 pA, only a piece of carbon foil will be used to
extract the proton beam from 30 - 50 MeV and no foil
changing system is used in this machine. All the detail
design of the stripping extraction system for CYCIAE-50
has been finished and is being manufactured now. Beam
commissioning is expected to be done at the end of the
next year.
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