
Joint RNB project has been started since 2001.

• ≥ 5 MeV/u RNB will be available with using the SC-linac.

• Neutron-rich medium- and heavy-RNBs can be supplied

via the proton-induced U-fission.

• Intense HI-beams are also available

independent from the Tandem beam.

• Accelerated RNB center under the collaboration of

KEK and JAEA.

IPNS, KEK, 宮武
ssri-3, 京大原子炉　2006.11.14-16

加速された短寿命核の利用



ISOL based RNB facility: TRIAC
(1) 20MV Tandem

accelerator

(2) p (3µA)+UCx
HI’s + Tgt’s.

(3) Ion-sources
FEBIAD,
Surface, etc.

(4-1) ISOL
M/ΔM~1200

(4-2) CB-ECR
2.1 keV/A
q/Δq~300

(5) Linacs: SCRFQ-type and IH-type
0.14 ~ 1.1 MeV/A, DF=100% for A/q ≤ 10
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K. Tsukada, priv. comm. 
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• 330 µg/cm2 natUCx target
    30 MeV 1 µA proton beam
    102 isotopes in 19 elements
    e.g.) 132Sn 9x104 pps

2.6 g/cm2, 3 µA
    1.5x1011 fis/s
2x106 pps

132Sn



RNBs produced by using the HI-beams

Nuclides (half-life)    Overall efficiency           Beam strength        Target:Primary Beam
                                       (Type of ion source)                (at focal plane of ISOL: pps/300pnA )              ( Energy: MeV)

8Li+ (0.84s)                          6%                         1 x 107                      13C (graphite)

                               (surface ionization)                                              7Li (60)

18F+(109.7m)                       12%                        1 x 106                       Ti (metal foil)

                                       (FEBIAD)                                                     19F(124)

20F+(11.0s)                          12%                       2.5 x 105                       Ti( metal foil)

                                       (FEBIAD)                                                     19F(124)

111In+(2.81d)                        2.5%                    2.5 x 105                       96Mo(metal foil)

                                       (FEBIAD)                                                     19F(124) 

  

 

transfer

transfer, molecular ionization

transfer, molecular ionization

fusion

* F-ion is extracted as molecular ion as HF+



open for users (from FY2005) --> http://triac.kek.jp



Approved Experiments (2005~2006)

• Measurement of diffusion of Li in materials by using 8Li

• Direct measurements of astrophysical reactions including 8Li

• Spectroscopy of polarized medium-mass RNB at around N=50, 82

• Coulomb  excitation spectroscopy at around N=50, 82

Li-8を用いたペロブスカイト型リチウムイオン伝導体の拡散係数測定
田村春樹：鳥取大・工



Spin-polarized RNB by using the tilted-foil technique

• β-decay spectroscopy of spin-polarized RNB
•Nuclear electro-magnetic moments
•Application for material science

( PRL 51 (‘83) 180)



•IPNS, KEK

Collaborators of this project

S. Arai, Y. Arakaki, Y. Fuchi, Y. Hirayama, 
H. Ishiyama, N. Imai, S.C. Jeong, I. Katayama, 
H. Kawakami, H. Miyatake, K. Niki, 
T. Nomura, M. Okada, M. Oyaizu, Y. Takeda, 
M.H. Tanaka, E. Tojyo, M. Tomizawa, 
Y.X. Watanabe, and N. Yoshikawa 

S. Abe, S. Hanashima, S. Ichikawa, H. Ikezoe, 
N. Ishizaki, H. Kabumoto, T. Sato, M. Matsuda, 
S. Mitsuoka, T. Nakanoya, K. Nishio, I. Ohuchi, 
A. Osa, M. Sataka, S. Takeuchi, H. Tayama, 
and Y. Tsukihashi

•Tokai, JAERI



Primary Beam energy, intensity 40 MeV, p, 3µA, HI (20MV)

Production Target UC2, etc

ISOL M/ΔM, I/S 1200, FEBIAD, Surface, etc.

Charge Breeder ECRIS 18 GHz, 1 kW

I/S for stable HI ECRIS 14 GHz, 200 W

linac complex injection energy 2.1 keV/u

output energy 0.14-8.52 MeV/u (variable)

 duty cycle 100% (A/q≤16), 30% (A/q=29)

  SCRFQ-linac frequency, output energy 25.96 MHz, 178.4 keV/u (A/q≤29)

  IH-linac frequency, output energy 51.92 MHz, 0.14-1.09 MeV/u (A/q≤10)

  SC-linac* frequency, output energy 129.8 MHz, < 5.25 MeV/u (A/q≤7),

< 8.52 MeV/u (A/q≤4)

*The structure of the SC-linac will be modified from the original one (40 cavities ) to the one with 8 low-β

cavities + 36 original cavities.

Specific parameters of TRIAC



RNB用ウラン標的装着型イオン源

FEBIADイオン源：蒸気圧の高い元素、Sn,In,Ag,Au,
表面電離型イオン源：アルカリ、アルカリ土類、希土類元素に適用

Proton beam
Uranium carbide target

Anode

Heat shields

Plasma

Target 

heater

Cathode

heater

FEBIADイオン源
Proton beam

Uranium carbide target

Filament-1

Filament-2

Ionizer (inner surface is coverd with a thin Re foil)

Heat shields (Ta, Mo)

表面電離イオン源



これまでに開発したRNB

Nuclides (half-life)    Overall efficiency           Beam strength        Target:Primary Beam
                                       (Type of ion source)                (at focal plane of ISOL: pps/300pnA )              ( Energy: MeV)

8Li+ (0.84s)                          6%                         1 x 107                      13C (graphite)

                               (surface ionization)                                              7Li (60)

18F+(109.7m)                       12%                        1 x 106                       Ti (metal foil)

                                       (FEBIAD)                                                     19F(124)

20F+(11.0s)                          12%                       2.5 x 105                       Ti( metal foil)

                                       (FEBIAD)                                                     19F(124)

111In+(2.81d)                        2.5%                    2.5 x 105                       96Mo(metal foil)

                                       (FEBIAD)                                                     19F(124) 

  

 

核子移行

核子移行、分子イオン分離

核子移行、分子イオン分離

融合反応

核分裂で生成する中性子過剰核ビーム
　91-95Rb、　91-95Sr、　139-144Cs,　139-144Ba

オンラインでイオン化・分離を確認した元素（核種）
　Sn、Xe、Kr、Eu（162Euまで確認）



共同研究実験課題の流れ



ISOL用イオン源の適用範囲
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Present status of the development

10 carbon foils @ 70 deg.

8Li beam

carbon foil
10µg/cm2  ~ 45nm

14mm

42
m

mTilted-foils

Refrigerator
1.5W@4.2K

8Li beam @178keV/u

β-NMR setup
Magnet ( 500 Gauss)
plastic scintillator (3 layers) 
RF coil, Pt stopper 

• Feasibility study of tilted foil method
      with 8Li (Iπ=1+ Τ1/2=838ms)
• Spectroscopy of polarized RNBs
      around 132Sn

# of foil

carbon foil

Hirayama exp. as afeasibility test for 
nuclei around N=82: 126In @ 2006


