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The liquid-helium supply and recovery system,1)

which can produce liquid helium at a liquefaction rate
of 200 L/h from pure helium gas, has been under sta-
ble operation since the beginning of April 2001. The
volumes of liquid helium supplied each year from 2001
to 2016 are shown in Fig. 1. During the period from
2001 to 2013, there was a gradual increase in the sup-
plied volume, with two declines in 2009 and 2011. In
2014, the supplied volume decreased because of a mal-
function of the system; however, in 2015, the supplied
volume returned to its original value. In 2016, the sup-
plied volume decreased.
The purity of helium gas recovered from the labora-

tories gradually improved after the construction of the
system was completed. At present, the impurity con-
centration in the recovered gas rarely exceeds 200 ppm.
The volume of helium gas recovered from each building
in the Wako campus as well as the volume transported
to the liquid helium supply and recovery system were
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Other laboratories
Quantum Functional System Research Group
Radioactive Isotope Physics Laboratory
Surface and Interface Science Laboratory
Condensed Molecular Materials Laboratory
Low Temperature Physics Laboratory

Emergent Phenomena Measurement Reserch Team
Exploratory Materials Team
Surface Chemistry Laboratory
Molecular Characterization Team
Advanced Device Laboratory
Magnetic Materials Laboratory

Fig. 1. Volumes of liquid helium supplied to the various laboratories for each fiscal year from 2001 to
2016.
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measured. The recovery efficiency, which is defined as
the ratio of the amount of recovered helium gas to the
amount of supplied liquid helium, was calculated.
The recovery efficiency for the buildings on the

south side of the Wako campus, namely the Cooper-
ation Center building of the Advanced Device Labo-
ratory, Chemistry and Material Physics building, and
Nanoscience Joint Laboratory building, increased to
more than 85%.
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The yearly report on the operation of the RIKEN
AVF cyclotron (denoted as AVF hereinafter) for the
period January–December 2017, is presented.
AVF has been used not only as an injector for the

RIKEN ring cyclotron RRC but also to supply various
ion beams directly to three beam courses (C03 for RI
production, E7A for nuclear experiment with CRIB,
and E7B for general-purpose) in its stand-alone opera-
tions, as schematically shown in Fig. 1. In the machine
studies performed in 2017, accelerated beams were ob-
served with a Faraday-cup at C01.

Fig. 1. Overview of the AVF cyclotron with three ion

sources, three experimental courses, and beam trans-

port line to RIKEN ring cyclotron RRC.

The yearly operation statistics and accelerated
beams of AVF are summarized in Tables 1 and 2, re-
spectively. The operation status was very fine and the
total operation time was 3951 h, of which only 13 h
involved temporary suspension due to the minor accel-
erator troubles.
For more details of AVF and RRC operations and

others, refer to Refs. 1) and 2).
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Table 1. AVF operation statistics. Statistics in 2016 are

also shown.

AVF operation statistics 2016 [h] 2017 [h]

Total 3365 3951

Stand-alone operation
Tuning of AVF 576 742
Fault of AVF 5 4
C01 machine study 0 32
C03 experiment 562 1113
E7A experiment 686 245
E7B experiment 73 597
Sub total 1897 2697

Operation as injector of RRC
Tuning of AVF 213 141
Fault of AVF 0 9
RRC-RARF experiment 842 564
RRC-RIBF experiment 414 549
Sub total 1468 1254

Table 2. Accelerated beams of AVF in 2017.

Particle Energy [MeV/u] Course

Stand-alone operation
p 12.0 C03, E7B
d 12.0 C01, C03, E7B
d 14.0 C01
α 6.50 E7B
α 7.18 C03, E7B
α 7.25 C03
α 12.5 C03, E7B

7Li 5.60 C03
7Li 6.00 C03
11B 7.82 C03
11B 9.10 C01, C03
18O 6.07 C03
18O 6.07 C03
19F 6.77 C03

26Mg 6.60 E7A

Operation as injector of RRC
12C 7.00 RRC-RARF
18O 4.51 RRC-RIBF
22Ne 3.97 RRC-RARF
40Ar 3.75 RRC-RARF
40Ar 3.75 RRC-IRC-RARF
40Ar 5.19 RRC-RARF
56Fe 5.00 RRC-RARF
84Kr 3.97 RRC-RARF
86Kr 3.78 RRC-RARF
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