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Operation of the Pelletron tandem accelerator

T. Ikeda,∗1 M. Hamagaki,∗1 and H. Sato∗1

Ion beams with an energy range of MeV are available
from the tandem accelerator (Pelletron 5SDH-2, 1.7 MV
max.) in the Nishina R&D Building, which is managed
by the Detector Team of RNC. This accelerator is also
registered as joint-use equipment in Wako campus for
material analysis. As shown in the configuration of the
accelerator and beam lines (Fig. 1), two ion sources are
available. One is the RF charge-exchange ion source,
called Alphatross, for experiments using He ion beams.
The other is the Source of Negative Ions by Cesium Sput-
tering (SNICS), which can generate almost all other ions.
Thus far, ion species of H, He, Li, B, C, N, O, Si, Ti, Ni,
Cu, and Au have been accelerated at 0.5–1.7 MV.

There are four beam lines named BL-E/Wnn (nn de-
notes the bending angle). In 2020, BL-E15 was restarted
for a user group in the field of material science to per-
form the analysis of Rutherford backscattering (RBS)
spectrometry. In the west side, BL-W15 (multipurpose
line) was used for a micrometer-sized ion beam based on
glass capillary optics with an end window. This was for
horizontal microbeam irradiation experiments. The irra-
diation port was developed to have a simple connection
to the BL-W15 line. It took a few hours to mount the
microbeam port, including the vacuum pumping. At the
end of 2020, BL-W30 was under construction for new
microbeam irradiation studies of the biological samples
in air or solution.

From January 1 to December 31, 2020, the total ma-
chine time (MT) including a machine study was only

Fig. 1. Pelletron tandem accelerator and beam lines in the
Nishina R&D Building.

Fig. 2. (a) Apparatus for the RBS spectrometry connected
to the Pelletron accelerator. (b) Online analysis.
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Table 1. Beam conditions and experiments conducted in the
tandem accelerator.

Ion Energy
[MeV]

Beam current
[pnA] Experiment Operation

time [days]
1H+ 2.0–3.0 1–120 Irradiation 8

4He2+ 2.28 0.25–5 RBS 4

Table 2. Approved conditions at the RIKEN Pelletron.

Ion Maximum Energy Ion Maximum Energy

H 3.5 MeV B 10.2 MeV
He 5.1 MeV C 12 MeV

Li/Be 6.8 MeV other 0.6 MeV/nucleon

12 days, where the condition test of the ion sources is
not included. In addition to the total MT, development
activities were suppressed in 2020.

The ion species accelerated in this year were the light
ions H+ and He2+ with energies ranging from 2.0 to
3.0 MeV, as summarized in Table 1. The RBS exper-
iments always used the energy of 2.28 MeV, following
convention. Points 1–6 below list the studies that used
the beam lines, along with the number of days of MT.
All the studies, including those with zero days of MT,
were routine experiments before 2020.

(1) Microbeam performance study with H ions using
glass capillaries at BL-W15 and W301,2) (7 days)

(2) Microbeam (He ion) irradiation for single cells at
BL-W303) (0 days)

(3) RBS/ERDA experiments using carbon ions (4
days)

(4) Educational experiment of proton capture by car-
bon/boron nucleus for Nishina School (0 days)

(5) Development of charged-particle/gamma-ray de-
tector to be used for RIBF experiments (0 days)

(6) Other development using protons (1 day)

The maximum energies of accelerated ions are summa-
rized in Table 2. Since 2019, the regulation of the max-
imum energy of carbon ions was changed from 7.2 MeV
to 11.9 MeV, where 12C6+ is accelerated with the full
voltage of 1.7 MV.

A commercial RBS apparatus (Charles Evans and As-
sociates Model RBS-400) is shown in Fig. 2(a). A go-
niometer to rotate the sample is fixed inside the chamber,
which is in a vacuum level of the order of 10−7 Torr. The
He2+ beam intensity was less than 10 nA. Improvements
in the vacuum level and beam intensity are in progress.
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Fee-based activities of the Industrial Application Research Team
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The fee-based activities of the Industrial Application
Research Team in 2020, which are the utilization of
heavy-ion beams in the industry and the distribution
of radioisotopes, are summarized below.

RIKEN Nishina Center allows the use of the AVF
cyclotron, RILAC, and RIKEN Ring Cyclotron (RRC)
by private companies in Japan for a fee.1) At present,
the main users are semiconductor companies that ir-
radiate space-use semiconductor devices with Ar, Kr,
and Xe ions from the RRC to simulate single-event
effects due to the heavy-ion components of cosmic ra-
diation. Proposals for beam utilization are reviewed
by a program advisory committee dedicated to indus-
trial use (InPAC). In July 2020, InPAC reviewed and
approved via e-mail three proposals that were in con-
tinuation to previously approved proposals and held its
10th meeting online, where it reviewed and approved
two new proposals. In 2020, six companies executed
eleven fee-based beamtimes, seven of which utilized a
Kr beam with a total beam time of 153 h and four
utilized an Ar beam with a total beam time of 73 h.
In response to the users’ demand, we are preparing to
supply C ions and considering the supply of Xe ions
with higher energies.

Since 2007, RIKEN has distributed radioisotopes
(RIs) to users in Japan for a fee in collaboration with
the Japan Radioisotope Association2) (JRIA). The nu-
clides are 65Zn (T1/2 = 244 days), 109Cd (T1/2 = 463
days), 88Y (T1/2 = 107 days), 85Sr (T1/2 = 65 days),
and 67Cu (T1/2 = 61.8 hours) produced at the AVF cy-
clotron by the Nuclear Chemistry Research Team. Ac-
cording to a material transfer agreement (MTA) drawn
between JRIA and RIKEN, JRIA mediates the trans-
action of the RIs and distributes them to users. 65Zn
and 109Cd are delivered approximately two weeks after
the acceptance of an order. 85Sr, 88Y, and 67Cu, which
have short half-lives, are not stocked like 65Zn and
109Cd but are instead produced in a scheduled beam-
time after an order is accepted. Therefore, they are
delivered two months or more after an order. Details
can be found in the online ordering system J-RAM3)

of JRIA.
In 2020, we delivered one shipment of 109Cd with an

activity of 10 MBq, three of 65Zn with a total activity
of 12 MBq, two of 88Y with a total activity of 2 MBq,
and two of 85Sr with a total activity of 3 MBq. The
final recipients of the RIs were four universities, one
private company, and one medical research center.

Figure 1 shows the yearly trends in the number of
orders and the amounts of distributed RIs. Compared
with 2019, the amounts of distributed 109Cd, 65Zn, and
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85Sr increased, that of distributed 67Cu decreased, and
that of distributed 88Y remained the same. During
the past 10 years, the demand for long-lived RIs has
drastically decreased, whereas that for short-lived RIs
is increasing.

Fig. 1. Number of orders (upper) and amounts (lower) of
the RIs distributed yearly from 2007 to 2020. The dis-
tribution of 88Y started in 2010, that of 85Sr in 2015,
and that of 67Cu in 2018.
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