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RI Beam Storage Rings 
Worldwide in Operation

ESR@GSI, Germany

Rare-RI Ring@RIBF

CSRe@IMP, China
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Ø Maximum energy is 350 MeV/u
for heavy ions up to U ions.

Ø Goal beam intensity is 1 pµA

PTEP 2012, 03C002 H. Okuno et al.

Table 1. Specifications of the RIBF cyclotrons. In the bottom row, the number of acceler-
ation cavities is shown (FT = flat-topping cavity).

fRC IRC SRC

K-value (MeV) 570 980 2600
Number of sectors 4 4 6
Velocity gain 2.1 1.5 1.5
Number of trim coils 10 20 4 + 22
Frequency range (MHz) 54.75 18–38 18–38
RF system 2 + FT 2 + FT 4 + FT

Fig. 3. The ring cyclotrons in RIBF. The fRC, IRC, and SRC have been newly constructed for the RIBF project.

injector for this mode was taken over by the RILAC2 injector in 2011, although at the beginning it
was the RILAC. Two charge strippers are used in this mode. One is located at the exit of the RRC,
and the other is between the fRC and IRC. The RILAC2 injector has made it possible to operate the
BigRIPS facility with very heavy ion beams and the GARIS facility for the research of super-heavy
elements independently [6,7].

3. New ring cyclotrons

Details of the specifications and construction of the new ring cyclotrons, shown in Fig. 3, are pre-
sented below. The basic parameters are summarized in Table 1. More detailed descriptions of the
fRC, the IRC, and the SRC are given in [8–11], respectively. The construction schedule is described
in Ref. [4].

3.1. fRC
The fRC is a four-sector room-temperature ring cyclotron, designed as a fixed-frequency machine,
unlike other cyclotrons in the RIBF, so as to minimize its construction cost. The injection and extrac-
tion energies (10.5 and 50.7 MeV/u) of the fRC are determined to compensate energy losses in the
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RI Beam Factory in RIKEN



Rare-RI Ring: R3
A dedicated device for precision mass measurements

Rare RI: 
Very low production rates, ~1/day 
Short lived nuclides, ~ms

BigRIPS

OEDO-SHARAQ



What is new?

synchrotron storage ring

cyclotron

periodic bunched pulses

random particles

individual
injection

pulse mode
operation

storage ring

測定したい稀少なRIだけ選び出せる



How to inject beam into R3
Isotope-Selectable Self-Triggered Injection (ISSI)

First storage of 78Kr beam

BigRIPS
F3

Kicker間に合うか問題
１個ずつ入射するために、 
キッカー電磁石の動作が



Single ion storage

薄膜検出器

周期的なパルス

キッカー入射



(Stop 
and PID)

(Start)

Isochronous Mass Spectrometry

基準の粒子(m0)に対して等時性に調整する 
測定粒子は厳密には等時性ではないため 

速度の補正が必要

T0 = 2�
m0

qB
<latexit sha1_base64="r3OPqnGylqlB5KqQi7WRFt8Yon8="></latexit><latexit sha1_base64="mbefhOTxt4d5zW+kx65yi8G20W8="></latexit><latexit sha1_base64="mbefhOTxt4d5zW+kx65yi8G20W8="></latexit><latexit sha1_base64="1cG2uFl1BzjMjyXJdv3dj4EvVow="></latexit>



First Mass Measurement
With known masses

79As 
78Ge 

77Ga 
76Zn 

75Cu 

N = 46 
All events at F3 
Ext. events 

238U 345 MeV/u → 78Ge 168 MeV/u fission fragments

D. Nagae

iso
ch

ronous

等時性粒子の78Geは運動量によらずに周期一定

RIビーム粒子識別

原
子
番
号

Z

質量数/原子番号 A/Z



First Mass Measurement
With known masses

238U 345 MeV/u → 78Ge 168 MeV/u fission fragments
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Prelim
inary

m/q accuracy ~ several x 10-6
補正のためのβの出し方が大事
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Single ion storage

First long time storage of RI beam: 6 secF. Suzaki

いかに等時性がよく成り立っているか



Storage-ring mass 
spectrometry

• For rare isotopes: low production rates/short lived 

i) High efficiency 

ii) Single ion sensitivity 

iii) High resolution

Single ions
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Figure 1. Chart of the nuclides displaying the accuracy ’u’ of masses (created by NUCLEUS-AMDC).

030001-3

Mass Precision 
(NUBASE 2016)

Atomic Mass Evaluation 2016 published 
Chin. Phys. C 41 (2017) 03002, 03003.



Potential for new masses with R3

Z

N

238U → 1000 pnA 
What will happen?

78Ni

Present condition 
238U 50 pnA 

Latest R3 condition 
78Ni 10 → 3 days 

(NP1612 estimations) 



今後の予定

•H30年度、秋から実験スタート 
i.中性子過剰Ni同位体の質量 (74Ni~) 

ii.中性子過剰A~130: Rh, Pd, Agの質量



R3 collaboration

in 2015


