
RILAC operation 
 

E. Ikezawa,*1 T. Ohki,*2 M. Kase,*1 T. Nakagawa,*1 N. Sakamoto,*1 H. Okuno,*1 N. Fukunishi,*1 
M. Komiyama,*1 A. Uchiyama,*1 T. Maie,*1 M. Nagase,*1 M. Fujimaki,*1 T. Watanabe,*1 H. Hasebe,*1 

H. Imao,*1 H. Kuboki,*1 K. Ozeki,*1 K. Suda,*1 Y. Higurashi,*1 K. Yamada,*1 Y. Watanabe,*1 S. Watanabe,*1 
T. Nagatomo,*1 T. Aihara,*2 H. Yamauchi,*2 K. Oyamada,*2 M. Tamura,*2 A. Yusa,*2 K. Kaneko,*2 and O. Kamigaito*1 

 
The RIKEN heavy-ion linac (RILAC) has operated 

steadily throughout the reporting period and has supplied 
various ion beams for different experiments. Some statistics 
regarding the RILAC operation from January 1 to 
December 31, 2014, are given in Table 1. The total beam 
service time of the RILAC accounted for 84.5% of its 
operation time. The two operation modes of the RILAC, the 
standalone mode and the injection mode, in which the beam 
is injected into the RIKEN Ring Cyclotron (RRC), 
accounted for 53.1% and 46.9% of the total beam service 
time of the RILAC, respectively. For beam experiments and 
machine study of the RI Beam Factory (RIBF), a 
2.650-MeV/nucleon 70Zn-ion beam and a 
2.675-MeV/nucleon 48Ca-ion beam accelerated by the 
RILAC were injected into the RRC from May 12 to June 7  
and from November 12 to December 11 2014, respectively. 
Table 2 lists the beam service times in the standalone mode 
of the RILAC allotted to each beam course in the RILAC 
target rooms in 2014. The e2 beam course in target room no. 
1 was used in experiments using the GARIS2. The e3 beam 
course in target room no. 1 was used in experiments using 
the GARIS. The e6 beam course in target room no. 2 was 
used in the analysis of trace elements. Table 3 lists the 
operation time of the 18-GHz ECR ion source 
(18G-ECRIS) in 2014. 

We carried out the following improvements and overhauls 
during the reporting period.
1) In the RF systems, the DC high-voltage power supplies 

were subjected to annual inspection. The major 
components of mechanical parts were subjected to 
simple inspection. The contact fingers for the trimmer 
of CSM cavities were replaced with new ones. 

2) Two water pumps were overhauled. The other water 

pumps were subjected to simple inspection. All cooling 
towers were subjected to monthly inspection and annual 
cleaning. 

3) All the turbomolecular pumps were subjected to annual 
inspection. Cryogenic pumps used for the no. 1 and no. 
2 cavities of RILAC and the A5 and A6 cavities of CSM 
were overhauled. A compressor unit of the cryogenic 
pump used for the no. 5 RILAC cavity was repaired. 

We faced the following mechanical problems during the 
reporting period. 
1) A section of the cooling pipe of an earth ring for the 

lower stem in the FC-RFQ cavity had a vacuum leak. 
We repaired the pipes with a repair material as a stopgap 
measure. 

2) Water was found to have splashed in the rf power feeder 
of the no.1 RILAC cavity because of leakage from a 
cooling pipe for the coaxial conductor. We replaced it 
with new ones. 

3) Water was found to have splashed in the CSM A4 cavity 
because of leakage from a cooling pipe of the end drift 
tube. We repaired the pipes with a repair material as a 
stopgap measure. 

 
Table 1. Statistics of RILAC operation from January 1 to 

December 31, 2014. 

Operation time of RILAC 2960.0 h

Mechanical problems 153.1 h

Standalone RILAC 1327.3 h

Injection into RRC 1172.6 h

Total beam service time of RILAC 2499.9 h
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Table 2. Beam service time of the standalone RILAC 

allotted to each beam course in target rooms 
no. 1 and no. 2 in 2014. 

Beam course %
e2 419.7 31.6
e3 878.0 66.1
e6 29.7 2.2

Total 1327.3 100.0

Total time (h)

 
Table 3. Operation time of the 18G-ECRIS in 2014. 
 

Ion

N 14 3 62.3
N 15 3 105.7
Na 23 7 504.0
Al 27 6 216.0
Ar 40 11 144.0
Ca 48 10,11 1487.6
Zn 70 15 609.2
Kr 82 18 216.0
Kr 86 18 120.0

3464.7
 

Total time (h)Mass Charge state

Total
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In 2014, the total annual operation time of the K70 AVF 

cyclotron (denoted as AVF hereafter) was 2942 hours as 
shown in Table 1. This was increased by 311 hours 
compared with that in 2013. In this duration, the time for 
beam tuning was 1240 hours, which was 274 hours longer 
than that in 2013. Most of the increased time (311 hours) 
was spent on beam tuning because the time for beam tuning 
for “Injection to RRC-SRC” was increased to two to three 
times longer than usual, and it took considerable time to 
recover from problems. On the other hand, the total beam 
supply time was 1702 hours, which was classified into three 
categories: “Injection to RRC”, “Injection to RRC-SRC”, 
and “AVF standalone”. The operation times for these three 
categories are listed in Table 1. 

All of the beams accelerated by the AVF in 2014 are 
listed in Table 2. In this table, the following beams were 
accelerated for the first time in 2014: 16O (4.9 MeV/u), 84Kr 
(3.97 MeV/u),  (12.5 MeV/u), 11B (5.0 MeV/u), 19F (6.08 
and 6.768 MeV/u), and  (7.5 MeV/u). The supplied 
courses were as follows (in order of the supplied time): RI 
production, RRC-SRC, CRIB, RRC-E5, Student Ex, and 
E7B. 

 
 

Table 1. AVF operation statistics in 2014. 

 2013 2014 
Total operation time (hr) 2631 2942 

Beam tuning 966 1240 
   
Injection to RRC 738 208 
Injection to RRC-SRC 118 455 
   
AVF standalone 809 1039 

Beam course (AVF standalone) (hr)   
E7A 480 335 
E7B 18 58 
C03 311 646 

The total fault time was 118 hours. The main faults are 
listed in Table 3, in descending order of time spent on 
restoration, and details are indicated below. 

 

Table 2. AVF beam list in 2014. 

Particle E (MeV/u) Course 
p 12.0 RI production 
d 12.0 RI production 
d 4.9 RRC-SRC 
 6.5 Student Ex. 
 7.5 RI production 
 12.5 RI production 

6Li 11.2 CRIB 
7Li 5.6 CRIB 
7Li 8.6 E7B 
11B 5.0 CRIB 
12C 7.0 RRC-E5 
16O 4.9 RRC-SRC 
18O 6.07 RI production 
19F 6.08 RI production 
19F 6.768 RI production 

22Ne 6.1 CRIB 
40Ar 5.2 RRC-E5 
56Fe 5.0 RRC-E5 
84Kr 3.97 RRC-E5 

(1) During 40Ar beam tuning, the beam stopped 
unexpectedly at RRC. This was due to an incorrect 
arrangement of the readout-cable of baffle slits, which cut 
across the beam trajectory in the chamber of the RRC. 

(2) During 6Li beam supply, the beam current decreased 
at the ion source. To investigate the cause, the ion source 
was disassembled. Consequently, some contaminations 
were observed and lack of 6Li metal was found. 

(3) During 12C beam tuning, one of the hollow 
conductors from the magnetic channel of the AVF cracked 
and cooling water sprayed out from that crack. The crack 
was temporarily caulked by putty because it was difficult to 
close the crack by weld. The beam tuning was restarted 
without any problems. 

Table 3. Main faults in 2014. See text for details. 

 Date Time for restoration (hr) 
(1) 6th September 22 
(2) 13th May 18 
(3) 16th September 17 
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