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Abstract
An ISOL system has been developed for providing

neutron-rich RI beam to multi-disciplinary users by Rare
Isotope Science Project (RISP) of the Institute for Basic Sci-
ence (IBS) in Korea. The ISOL system is composed of pro-
ton driver, target/ion source station, mass separator, charge
breeder, and A/q separator. A selected beam of interest is
then injected into re-accelerator, which is a superconduct-
ing linac. A 70 MeV proton cyclotron was chosen as the
proton driver to induce direct ission of UCx target. The
inal goal of beam power on target is 70 kW, which will be
achieved gradually from 10 kW during post-RISP. Recently,
commercial H- compact cyclotrons and high-intensity cy-
clotrons have been considered for its extension of multi-
purpose uses. In this paper, the speciications of the cy-
clotrons along with concerned issues and the status of our
procurement plan will be presented.

INTRODUCTION
RISP was launched to develop RAON, the name of

the heavy-ion accelerator, in 2011. The RAON can uti-
lize both the Isotope Separation On-Line (ISOL) and In-
light Fragmentation (IF) to produce rare isotopes for multi-
disciplinary uses (see Fig. 1). The RAON is composed
of a driver linac, an IF system, an ISOL system, a post-
accelerator, high-energy experiment facility I&II, a very-
low-energy experiment facility, and a low-energy experi-
ment facility. The driver linac has two superconducting
ECR ion sources, a LEBT, a RFQ, a MEBT, a low-energy
superconducting linac (SCL1), a charge stripper, and a high-
energy superconducting linac (SCL2). The IF system is
employed of an IF target, a pre-separator, and a main sep-
arator. The driver linac can accelerate heavy ions up to
an energy of 200 MeV/u with a maximum beam power of
400 kW. The ISOL system consists of a 70 MeV proton
cyclotron, a target/ion source, a mass separator, a charge
breeder, and an A/q separator followed by a post-accelerator
system. Not only the IF system and the ISOL system oper-
ates independently but also the beam from the ISOL sys-
tem can be injected via the post-accelerator and SCL2 to
IF system for more exotic rare isotopes. The conceptual
design and technical design studies on RAON accelerator
systems have been conducted since 2012. RISP will be ac-
complished by the end of 2021.

ISOL system will use a proton cyclotron system as a
proton driver and UCx targets to produce neutron-rich (n-
rich) isotopes. The inal goal is direct ission of 238U by
70 kW proton beam. A 70 MeV proton cyclotron and high-
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Figure 1: Conceptual diagram of the RAON.

intensity deuteron cyclotrons have been considered to pro-
duce more than 70 kW proton beam. Cost, fabrication time,
and feasibility aspects were taken into account to choose a
suitable cyclotron for RISP.

MAIN ISSUES
The operating plan of the cyclotron is to continuously

supply the 70 kW proton beam on the UCx target uniformly
over 300 hours for n-rich isotopes. Carbon stripper foil’s
lifetime, thermal control system of the UCx target, and
beam losses inside a cyclotron are critical issues to satisfy
the operating plan. The lifetime of a carbon stripper foil
is about 20 000 μAh for 100 μg/cm2 [1, 2]. It is not pos-
sible to meet the beam operating time by one carbon foil
when the beam current is 1 mA. Applying a multiple foil
extraction system with at least 15 foils is introduced, the re-
quired operating time can be achieved. However, the beam
stop during foil replacement is unavoidable. In this situa-
tion, the thermal control of the UCx target and quick foil-
exchange systems are necessary to maintain speciic tem-
perature of the target. In addition, radio activation inside a
cyclotron is concerned about maintenance due to the beam
losses by Lorentz stripping and vacuum dissociation during
acceleration and extraction [3]. Even several percentage of
beam losses at 70 kW can cause high radio-activation in a
cyclotron. High vacuum pressure and/or high Dee voltage
are needed to minimize the beam losses.

CANDIDATES FOR AN ISOL DRIVER
A High-intensity cyclotron such as the PSI injector II cy-

clotron was debated at the beginning of the RISP. PSI in-
jector II is a separated sector cyclotron and can accelerator
the proton up to 72 MeV with 2.5 mA. A 70 MeV proton
cyclotron was reviewed by ISOL group at the conceptual
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design phase in 2012. At that time, commercial 70 MeV cy-
clotrons are in operation or planning by ARRONAX [4, 5]
and SPES project [6–8], respectively (see Table 1). More-
over, deuteron compact or separated-sector cyclotrons have
been discussed to take into account the eiciency of n-rich
isotopes production rate and the diversity of research ield
through international review programs [9–11] (see Table 2).
Even though deuteron cyclotrons are advantageous for high
current, it is required additional components of a injector,
a energy converter and radiation shielding blocks accompa-
nying more budget and longer development time.

Table 1: The Speciications of Commercial Cyclotrons

Parameters IBA
(Belgium) BCSI (USA)

Energy 35–70 MeV, 35–70 MeV
Max. current 750 μA 750 μA
Extraction ports Dual Dual
Magnet sectors 4 4
Magnetic ield
(hill, valley) 1.7 T, 0.12 T 1.6 T, 0.12 T

RF harmonics 4 4
RF frequency 62 MHz 56.2 MHz
Ion source Multicusp Multicusp

Operating site ARRONAX,
France (2010)

INFN, LNL,
Italy (2015)

Table 2: The Speciications of Deuteron Cyclotrons

Parameters Proton
cyclotron

Deuteron
cyclotron

Deuteron
cyclotron

Beam charac-
teristics

70 MeV,
H-,

0.7–1 mA

40 AMeV,
D-, H2+,

1–1.5 mA

60 AMeV,
D+, H2+,
1–2 mA

Beam power 70 kW 120 kW 240 kW
Pole radius 1.35 m 1.66 m 2.1 m
RF cavity 2 2 4
RF frequency 60 MHz 32.8 MHz 32.8 MHz

REQUIREMENTS FOR AN ISOL DRIVER
As a result, commercial 70 MeV H- compact cyclotron

was chosen for a RAON ISOL driver. The power of UCx
target which is under development is 10 kW and will be
35 kW and 70 kW gradually in post-RISP. We will upgrade
the beam current regarding the high-power target develop-
ment.

As to the main issues, a carousel system with multiple
foils and rapid foil exchange time is needed to continu-
ously produce 70 MeV, 1 mA proton beam. The exhange
of carousel system should be easy and done outside the cy-
clotron without opening the magnet to maintain the vacuum.
The beam losses in a cyclotron is dominated by the vac-
uum dissociation. High vacuum level below 1×10-7 Torr

is required to minimize the beam losses in the level of less
than 2 % inside the cyclotron. Additionally, a carbon blocks
should be installed inside an extraction vacuum chamber to
prevent activation of a vacuum chamber by neutralized H
ions which is not fully stripped at the carbon foil.

The number of extraciton ports will be two, east-side port
and west-side port. The east-side port will be used for On-
line test facility and multi-purpose facility. The west-side
port will be dedicated to two ISOL targets. The beamline
from the west-side port will be branched into two beamlines
up to two target bunkers, repectively. The main components
of the beamline are dipole magnets, quadrupole magnets,
steering magnets, faraday cups, collimators, beam viewers,
scanning system, neutron shutters, wire grids, and vacuum
system. The wobbling or a raster scanning system will be
placed in downstream of the beamline in a cyclotron vault
for unform beam distribution on the ISOL target surface
with a diameter of 50 mm. It is important to uniformly ir-
radiate the beam on the UCx target surface to avoid local
overheat. The uniform irradiation can be realized by var-
ious types of scanning systems. The neutron shutter next
to the scanning system will be used to reduce the neutron
leakage from the bunker when the beam is not used. Espe-
cially, a faraday cup, wire grid, and collimator before ISOL
target in the bunker is required to monitor beam current and
proile.

The RAON control system is based on EPICS (Experi-
mental Physics and Industrial Control System). The main
cyclotron control system should be integrated with the
RAON EPICS. All the subsystems of the cyclotron should
be controlled by PLC based hardware.

The main requirements for a RAON ISOL driver are sum-
marized in Table 3.

BUILDING LAYOUT
The design of the RAON facility is ongoing. The cy-

clotron system will be accommodated in ISOL building of
RAON facility. The building consists of one basement and
two stories. The cyclotron vault, the water cooling system,
and two ISOL target bunkers are on basement (see Fig. 2).
The power supply room for cyclotron system is on the 1st

loor and the ISOL and cyclotron control room is on the 2nd

loor.
The concrete shielding walls have been designed about

2.7 m thick to shield against 70 MeV neutrons to reduce the
dose rate outside the shield wall to less than 5 μSv/h. The
beam losses in a cyclotron were assumed to be 10 % of
1 mA.

CONCLUSION
The maximum beam current of commercial 70 MeV cy-

clotrons is 750 μA. The UCx target for 70 kW beam power
is also not designed, yet. RISP has decided to adopt the
commercial 70 MeV H- compact cyclotron and to upgrade
the beam current up to 1 mA as increasing the target capac-
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Table 3: The Requirements for a RAON ISOL Driver

Parameters Values
Acceleration beam H-

Extraction beam H+

Extraction energy & stability 35–70 MeV, <1%
Beam current & stability ≥750 μA, <5%
No. of extraction ports 2

Extraction
Multiple Carbon
stripper foils by
carousel system

Continuous operating time >300 hours
Beam size & uniformity on
target

50 mm, <5% with
wobbling system

Horizontal beam emittance <10π mm-mrad
Vertical beam emittance <5π mm-mrad

Beam transport Two beamlines up
to ISOL targets

Vacuum pressure <1 × 10−7 Torr

Control system

PLC based
hardware integrated
with RAON EPICS

control system

Figure 2: The basement loor plan of ISOL building. The
cyclotron vault, the water cooling system room, and the
ISOL bunkers are located on this level.

ity for the future work. Beamline coniguration has not been
ixed yet.

The project agenda is to complete the cyclotron system
installation and get the irst beam at the target by the end of

2019. The procurement process has just begun to meet the
milestone. The bidding is expected to be held in September
2016 and the contract is expected to be made in this year-
end.
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