


5 YEAR OPERATION OF RIKEN SUPER-CONDUCTING LINAC
N. Sakamoto∗, H. Imao, O. Kamigaito, T. Nagatomo, T. Nishi, K. Ozeki, K. Suda

A. Uchiyama, T. Watanabe, Y. Watanabe, K. Yamada
RIKEN Nishina Center, Wako, Japan

Abstract
The RIKEN superconducting (SC) heavy-ion linear ac-

celerator (SRILAC) has been supplying beams supply for
super-heavy elements synthesis experiments since its com-
missioning in January 2020. The SRILAC has been suc-
cessfully operating for nearly five years, with both minor
and major hardware issues being resolved. A broken cou-
pler in the early stage of operation, together with several
years of service, led to increased X-ray emission levels in
several SC cavities; these were successfully mitigated by
High Power Processing (HPP). Owing to fine tunings of the
LLRF control system and cryogenic system, an availability
of more than 99% has been achieved. This talk will share
the experiences and lessons learned from five-year operation
with low beta SC-cavities.

INTRODUCTION
RIKEN has a long tradition of nuclear-science research

pioneered by Yoshio Nishina [1], who constructed the first
cyclotron (26-inch) in 1937 outside the United States (sec-
ond in the world). In 1975, the RIKEN linear accelera-
tor (RILAC) was designed and built to extend the research
activities by providing ions heavier than Ne [2]. RILAC
was later followed by a series of cyclotron constructions,
forming an accelerator complex capable of providing Ura-
nium (U)-ions up to 345 MeV/u at RIBF [3]. The super-
heavy element (SHE) synthesis program was initiated in
2002 using RILAC. To satisfy the energy requirement for
the SHE experiment, a booster linac, called charge-state-
multiplier (CSM) system [4] comprising drift-tube tanks
was constructed. Over ten years of experiments ultimately
led to the synthesis of Nihonium through the cold fusion
reaction209Bi +70 Zn →278 Nh + 𝑛. A 70Zn beam with
energy of 5.04 MeV/u and intensity of 0.5 pµA was con-
tinuously provided, enabling the successful synthesis and
observation of element 113 [5–7].
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Figure 1: Birds-eye view of the RILAC.
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In 2016, the RNC commenced a new comprehensive SHE
research program [8]. Its main objective was to expand the
periodic table of elements by synthesizing new SHE. After
the discovery of oganesson (Z = 118) [9], the program’s
aim of the SHE project became discovering an elements
beyond Z= 118. Thus, the primary focus the project was on
upgrading RILAC by introducing a SC linear accelerator to
increase the final beam energy from 5.5 to 6.5 MeV/u and
a SC electron-cyclotron-resonance ion source (SC-ECRIS)
[10] to increase beam intensity by a factor of five (see Fig. 1).

In 2020, beam commissioning of SRILAC was success-
fully conducted [11], and user beam service subsequently
began [12]. Argon and vanadium beams have since been
provided for the experiments, with energies ranging between
4.2 and 6.3 MeV/u. Owing to the newly constructed SC-
ECRIS [13] and the improvements in RILAC transmission
efficiency [14], the maximum beam intensity of 5.2 pµA
(duty 100%) exceeded the project’s initial target.

In this presentation, we report on five-year of SRILAC
operation since 2020, in conjunction with the nearly 50-year-
old RILAC facility.

SRILAC OVERVIEW
Since we had no prior experience with SC cavities, their

design work was carried out cautiously, with careful consid-
eration given not only to RF performance but also long-term
operational reliability. The SRILAC design was based on
that of the U accelerator, with an energy of 11 MeV/u and
a current of 1 mA [15]. Research and development were
conducted under the Fujita ImPACT program, funded by the
Japan Science and Technology Agency, which involved con-
structing and commissioning a low-𝛽 cryomodule operating
at a frequency of 80 MHz [16]. This prototype effort, con-
ducted in close collaboration with the KEK SRF group and
successfully achieved the target gap voltage (𝑉𝑔) of 1.6 MV
and demonstrated stable 24-hour operation without field
emission.

The design specification of superconducting cavity for
SRILAC are listed in Table 1. SRILAC is based on ten SC-
QWRs, with an amplitude and phase of the accelerating field
adjustable independently for each cavity. The independent
RF system enables seamless tuning of the beam energy. The
gap length was optimized for 𝛽 = 0.078, with a operating
frequency of 73 MHz. The operating temperature was 4.5 K.
The SC-QWRs were fabricated from high-purity Nb sheets
(RRR= 250). The inner surfaces underwent standard pro-
cessing method as follows: (i) bulk etching via buffered
chemical polishing (BCP), (ii) annealing at 750 ∘C for 3
hours in a vacuum furnace, (iii) light etching via BCP, (iv)
high-pressure rinsing (HPR) with ultrapure water, and (v)
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