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ANPhA 
 Asian Nuclear Physics Association 

‒ Launched in 2009 
‒ Central organization for nuclear physics in Asia 

 Eight membership countries and regions 
‒ Australia, China, India, Japan, Korea, Mongolia, Taiwan, and Vietnam 

 Objectives 
‒ To strengthen “Collaboration” among Asian nuclear research scientists 

through the promotion of nuclear physics and its transdisciplinary and 
applications 

– To promote “Education” in Asian nuclear science through mutual         
exchange and coordination 

‒ To coordinate among Asian nuclear scientists by actively utilizing          
existing research facilities 

‒ To discuss future planning of nuclear science facilities and                        
instrumentation in Asia 
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ANPhA 
 Board meetings  

‒ Mostly once per year with either symposium or 
conference 

 Most recent one 
‒ 11th meeting in Tohoku University, Sendai Japan in              

Nov. 24-25, 2016  
‒ In conjunction with the ANPhA Symposium 

• Practically, ANPhA is an organization to discuss 
and   pursuit issues in Asian nuclear physics 
community at present. 
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11th ANPhA Board meeting in Tohoku University, Sendai Japan  
in Nov. 24-25, 2016 with the ANPhA Symposium 



Division of Nuclear Physics of AAPPS 
• In the Gyeongju board meeting in Oct. 2015, ANPhA       agreed 

the followings: 
– It is important to strengthen the cooperation between ANPhA and 

AAPPS.  
– ANPhA can play the leading role of establishing the Division of 

Nuclear Physics in AAPPS.  
 

• Submission of the proposal to AAPPS in December 14, 2015 
• Proposal approved in the AAPPS Council meeting in Beijing in 

January 22-23, 2016 
• Official approval letter received in January 27, 2016. 
• Now ANPhA plays the role of DNP of AAPPS. 

– ANPhA Chair should be the chair of DNP of AAPPS. 
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DNP/ANPhA: Current EXCO Officers 
• Chair 

Kazuhiro Tanaka  

    (KEK) 
 

• Vice Chair 
Weiping Liu  
   (CIAE, China) 
Tohru Motobayashi  
   (RIKEN, Japan) 
Anthony Thomas  
   (Univ. of Adelaide, Australia) 
 

• Secretary 
Hirokazu Tamura 
  (Tohoku Univ. to be confirmed ) 
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DNP: Executive Committee (EXCO) 
• Australia 

Anthony Thomas (Univ. of Adelaide) 
• China 

Furong Xu (Peking Univ.)   Weiping Liu (CIAE) 
Guoqing Xiao (IMP)   Yugang Ma (SINAP) 

• India 
Vivek Datar (BARC)   Alok Chakrabarti (VECC) 

• Japan 
Kazuhiro Tanaka (KEK)   Tohru Motobayashi (RIKEN) 
Atsushi Hosaka (RCNP, Osaka Univ.)  Hirokazu Tamura (Tohoku Univ.) 

• Korea 
Myeong-Ki Cheoun (Soongsil Univ.)   Kevin Insik Hahn (Ewha Womans Univ.) 
Byungsik Hong (Korea Univ.)  

• Mongolia  
TBA 

• Taiwan 
Henry Tsz-king Wong (Academia Sinica) 

• Vietnam 
Dao Tien Khoa (INST-Hanoi) 
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Recent activity of DNP: 
Preparation of ANPhA White Paper 

• Table of 26 Accelerator Facilities for Nuclear 
Physics in Asia 

• Data will be updated frequently. 
• Critical analysis of the present data will be 

made for future facility planning and for 
possible future international collaboration. 

• Data will be open on Web soon, and possibly 
published in special issue of AAPPS Bulletin. 
 



Town Institute Facility Characteristics 

Canberra, Australia Australian National University (ANU), Heavy 
Ion Accelerator Facility   15MV Tandem accelerator + superconducting Linear 

Accelerator  
        

Beijing, China Beijing Tandem Accelerator Nuclear Physics 
National Laboratory BTANL 15 MV tandem accelerator, 100 MeV 20 μA proton cyclotron, 

ISOL 

Shanghai, China Shanghai Laser Electron Gamma Source SLEGS 0.4-20 MeV BCS γ-ray source based on Synchrotron 
Radiation Facility 

Jinping, China 
China Jinping underground Laboratory 
(CJPL), JINPING UNDERGROUND NUCLEAR 
ASTROPHYSICS EXPERIMENT (JUNA) 

CJPL / JUNA 400 kV accelerator (Ion species of Stable nuclei: H to He), 
Max. Energy: 400 kV*q, Beam Intensity: up to 2.5 emA 

Lanzhou, China Heavy Ion Research Facility in Lanzhou HIRFL SSC cyclotron: K=450 and full ion acceleration 
CSRm booster synchrotron 12.2 Tm 

Huizhou, China Heavy Ion Accelerator Facility, Institute of 
modern Physics HIAF 

Heavy-Ion Linac, Booster-ring ~1GeV/u and Ring 
spectrometer (Phase 1). 
Compressor ring ~5GeV/u and Enrgy Recovery Linac. 

Huizhou, China Chinese Initial ADS  CIADS The 250 MeV and 10mA (maximum beam current) CW mode 
superconducting proton LINAC 

        

New Delhi, India Inter-University Accelerator Centre   Heavy ion tandem + superconducting linac 

Kolkata, India Variable Energy Cyclotron Centre VECC VEC K130 cyclotron (p,α), K500 Superconducting Cyclotron 

        

Chiba, Japan Heavy Ion Medical Accelerator, National 
Institute of Radiological Sciences HIMAC High energy heavy ion beams, up to 800 MeV/u, supplied by 

linear accelerators and two synchrotron rings. 
Tokai, Ibaraki, 
Japan J-PARC (Nuclear and Particle Physics Facility) J-PARC High Intensity Accelarators, 400MeV LINAC, 3GeV RCS, 

50GeV MR 

Osaka, Japan Research Center for Nuclear Physics, Osaka 
University RCNP/LEPS 

Cyclotron complex (K140 AVF + K400 Ring)  
Laser-electron back-scattered photon facility at SPring-8 
site, 2.4 and 2.9 GeV.  

SPring-8 site, 
Hyogo, Japan 

Laboratory of Advanced Science and 
Technology for Industry NewSUBARU Laser Compton Scattering Gamma-ray Beam Source (1 - 76 

MeV) 

Wako, Saitama, 
Japan 

RIKEN Nishina Center for Accelerator-Based 
Science, RI Beam Factory RIBF 

Heavy Ion Linac and several big Ring Cycrotrons (Max 
K=2500MeV),  
Big Rips Projectile Isotope Separator 



Fukuoka, Japan Kyushu University, Center for Accelerator 
and Beam Applied Science   FFAG synchrotron and tandem acceleror 

Tokai, Ibaraki, 
Japan 

Japan Atomic Energy Agency (JAEA), 
Tandem Accelerator Facility   20MV tandem accelerator and superconducting linac 

booster. 
Tsukuba, Ibaraki, 
Japan 

University of Tsukuba, Tandem Accelerator 
Complex UTTAC  6 MV tandem accelerator / 1 MV Tandetron accelerator 

Sendai, Japan Tohoku University, Cyclotron and 
Radioisotope Center CYRIC K110 and K12 cycrotrons 

Sendai, Japan Research Center for Electron-Photon 
Science, Tohoku University ELPH 60 MeV High Intensity ELECTRON Linac, 1.3 GeV Booster 

Electron Synchrotron for GeV tagged photon beams 
        
Gyeongsangbuk-
do, Korea Korea Multi-purpose Accelerator Complex KOMAC 100 MeV and 20 MeV Proton linac 

Seoul, Korea Korea Institute of Science and Technology 
(KIST), The Accelerator Laboratory   2MeV and 6 MV tandetron accelerators 

Seoul, Korea 
Korea Heavy Ion Medical Accelerator at 
Korea Institute of Radiological and Medical 
Sciences (KIRMAS) 

 KIRAMS AVF cyclotron for 50MeV protons 

Jeollabuk-do, 
Korea Advanced Radiation Technology Institute   15-30 MeV 500microA Proton Cycrotron 

Seoul, Korea 
National Center for Inter-Universities 
Research Facilities Electrostatic Ion 
Accelerator 

   3.3MV HVEE(High Voltage Engineering Europa) 4130-
Tandetron AMS/MPS 

Daejeon, Korea 
Rare isotope Accelerator complex for ON-
line experiments (RAON), Institute for Basic 
Science (IBS) 

RAON 
Superconducting Driver Linac (proton: 600MeV, 660 
microA, HI: 200MeV/u), Superconducting Post Linac (HI: 
18.5 Mev/u), Cyclotron: (proton 70 MeV, 1mA) 

        

Hsinchu, Taiwan Graduate Institute of Nuclear Science (INS) 
National Tsing Hua University (NTHU) INS / NTHU 3MV Van de Graaff (KN) Accelerator, 3MV Tandem 

accelerator (NEC 9SDH-2), open air 500kV accelerator 
        

Hanoi, Vietnam Tandem machine at Hanoi University of 
Natural Science   1.7MV Tandem Pelletron, 

Hanoi, Vietnam Military Central Hospital 108   30 MeV 300 microA proton cyclotron 

Town Institute Facility Characteristics 



Major Accelerator Facilities  
in Asia Pacific 

• China 
– HIRFL->HIAF (Heavy Ion Research Facility in Lanzhou -> 
                                    High Intensity Heavy Ion Accelerator Facility) 
– BTANL (Beijing Tandem Accelerator Nuclear Physics National  
                                                                                               Laboratory) 
– Beijing ISOL 
 

• Korea 
– RISP (Rare Isotope Science Project) 
 

• Japan 
– Spring-8/ELPH (Electromagnetic Probes) 
– RIBF (Radioactive Ion Beam Facility) 
– J-PARC->Hd-ex (Japan proton Accelerator Research Complex ->  
                                                                            Hadron Hall Extension) 

 



Physics promoting projects 
 
 
 
 
 
 

How? Asia Europe America 

Quark many body 
 (Hot QCD) A+A - 

LHC(ALICE) 
FAIR(SIS300) 

NICA 
RHIC 

Quark many body  
(Cold QCD) 

Hd 
HI 

EM 

J-PARC->Hdex 
HIRFL->HIAF 

Spring-8/ELPH 

FAIR(SIS100) 
 

MAMI 

 
 

JLAB-12GeV 

Collider 
 

(S-KEKB) 
 

NICA 
 

eRHIC(eIC) 
 

Nucleon many body  PF RIBF GSI/FAIR FRIB 

(RI BEAM) Both RISP 

ISOL HIRFL->HIAF 
BTANL 

SPIRAL2 
SPES 

HIE-ISOLDE 
Dubna 

ARIEL/ISAC2 
 

Super Beijing-ISOL EURISOL 
 

Fundamental Physics / Computation / Applications 
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CSRe 

SFC (K=69)  
10 AMeV (H.I.), 17~35 MeV (p) 

Operated in 1963 

SSC (K=450)  
100 AMeV (H.I.), 110 MeV (p) 

Operated in 1988 

1000 AMeV (H.I.), ≤ 2.8 GeV (p) 
Circumference: 160 m 

Operated in 2005 

RIBLL1 
RIBs at tens of AMeV 

Operated in 1997 RIBLL2 
RIBs at hundreds of AMeV 

Heavy Ion Research Facility in Lanzhou (HIRFL)   

CSR(Cooling Storage Ring) 

Clinical trial for Skin-
tumor therapy started 
in 2006 

Clinical trial for deep-
seated tumor therapy 
started in 2009 
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JUNA I：400kV accelerator 
H+，4He+： 400keV, 10mA 
4He2+ ： 800keV, 2.5mA 

JUNA II：4MV 
accelerator 
Heavy ions 
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Rare Isotope Science Project (RISP) 
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Budget:  US$ 1.44 B (1 B$~1T Won) 
                                  - accelerators and experimental apparatus : 0.46 B$ 
                                  - civil engineering & conventional facilities : 0.98 B$ (incl. construction site purchase)       
                                                                                                        (recently approved in June 2014) 
 Period:   2011.12 ~ 2021.12 (10.1 years) 

Goal: To build a heavy ion accelerator complex RAON,  
           for rare isotope science research in Korea. 
        * RAON - Rare isotope Accelerator complex for ON-line experiments 
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RAON Concept  

Injector 

SCL3 

ISOL 
IF (high E) 

 High intensity RI beams by ISOL & IF 

     ISOL : direct fission of 238U by a 70MeV-proton cyclotron ~ 1014 f/s  
     IF by 200MeV/u, 8.3pμA 238U by  a 400kW-superconducting LINAC 
 

 High quality neutron-rich RI beams 
        132Sn with up to ~250MeV/u, up to ~108 pps 
 

 More exotic RI beams by ISOL+IF 

: Accelerator complex for producing rare isotope beams  

SCL2 

SC
L1

 

Cyclotron  

LAMPS 

NDPS 

HPMMS  
& CLS 

BIS &  
muSR 

KOBRA 
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Lineup of  RIB production & separation 

ISOL IF (high E) KOBRA (low E IF) 

Driver 

Post Acc 

Production mechanism 

Available RIB energy 

SCL3 or SCL1 Cyclotron SCL32 or SCL12 

SCL3 or SCL32 

Direct reactions 
- (p,d), (3He,n) etc 

, MNT 

p induced U fission PF, U fission 

< a tens of MeV/u > a few of keV/u < a hundreds of MeV/u 

ISOLIF 
: ISOLSCL3SCL2IF 
: ISOLSCL3KOBRA 

IFRe-Acc 
: IFstopped beamSCL 

(future upgrade) 
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SCL3 

SCL2 

SC
L1

 

U-18.5MeV/u U-200MeV/u 70MeV-p  



Expected RIBs at RAON in nuclear landscape 

 RAON will provide access to unexplored regions of the nuclear chart ! 
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 RAON will be a powerful RIBs’ supplier to users globally 
      More exotic, More intense, and More various RIBs 

Stable ~300 
Known ~2700 
Unknown ~7000 



RAON Site :  
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Current RISP Office 

~11 km 

Sindong in Daejeon 



 J-PARC (KEK) 
    Hadron/nuclear physics w/hadron beams -> Hadron Hall extension 
    Fundamental Physics/Particle physics with muons  
                                                   -> mu-e conversion (COMET), g-2 
 RIBF (RIKEN) 
      Expand neutron-rich heavy element productions to transuranium 
      Production of superheavy Z=119 and beyond 
                           ->   RIBF upgrade for intensity x30 
 

 ELPH (Tohoku) and LEPS@SPring-8 (RCNP Osaka)  
       Hadron Physics with electron beams -> Detector/Beam upgrades  
 

 High Energy Heavy Ion Collision (LHC, RHIC, J-PARC) 
     QGP properties, QCD phase diagram,   High density matter  
        -> ALICE upgrade, s-PHENIX/STAR upgrade, J-PARC-HI R&D                                        

 

 Nuclear Theory 
       Hadrons via Lattice QCD, Nuclear structure via Monte Carlo Shell 
       Model, etc.  -> 9 projects with K computer and beyond 

Future Plans (~5 years) of Nuclear Physics in Japan 
Endorsed by Japanese Nuclear Physics Executive Committee, 2016 

Science Council of Japan selected Major Project 
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ELPH 
High-energy tagged photons are 
available in the energy range of  

Eγ = 0.6 - 1.2 GeV  
with a typical intensity of Nγ ~ 107 Hz. 



SPring-8  
8GeV e- 100mA 

LEPS2 Laser Room LEPS Experimental Hutch 

LEPS2 Experimental  
Building 

Linac: 1 GeV 

Booster Synchrotron 

New SUBARU 

457 m 

Operated by Research Center for Nuclear Physics (RCNP),  
Osaka University at SPring-8 site 

LEPS2 
Clean tagged photon beams 
at energies up to 2.9 GeV. 

Laser Compton Scattering Gamma-ray Beam 
-Tunable and Polarized, 
-1.7 MeV to 76 MeV, 0.33mW 
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RIBF@ 
RIKEN 



On November 30th 2016, IUPAC Announced formally  

Elements 113, 115, 117, and 118 are named nihonium (Nh), 
moscovium (Mc), tennessine (Ts), and oganesson (Og) 



RIBF upgrade plan submitted to Science Council of Japan  (146M$) 

Super conducting 
Cavity 500kW 

Helium 
refrigerator 

28GHz Super Conducting 
ECR Ion Source 

RI production 

32M$ 
FY2016 
Supplement 

12M$  RRC 
refurbishment  

103M$ 

RIBF@RIKEN 



J-PARC at Tokai-mura, Ibaraki-ken 

J-PARC Japan Proton Accelerator Research Complex 



ＭＬＦ 

Ｈａｄｒｏｎ Ｈａｌｌ 
for Counter Experiments 

with 150kW SX 

ν to 

SK 

3GeV333µA 
RCS 

40
0M

eV
Ｌ

ＩＮ
Ａ

Ｃ
 

Bird’s eye photo 
in January 2016 

J-PARC                                               
Japan Proton Accelerator Research Complex 



Hadron Mass & 
Charmed Baryons 

Hypernuclear Physics (S=-2) 

Hadron Physics 

Kaon Rare Decay Test Exp.  

µ to e conversion 

Hypernuclear 
Physics (S=-1) 

T1 Target  



Construction Status of the beam lines at 
J-PARC Hadron Hall 
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Branching point 

Lambertson Magnet Lambertson (Design) 

New Line  Existing 
A-Line  

Beamline magnets 

Spectrometer 
Magnet 

COMET &  
Control room 

In SY-HD Wall 



J-PARC Upgrade for 
Nuclear & Particle Physics 

COMET-II (µ−e conversion) 
 

µ (g-2/EDM) at MLF 
４６M$ 

４６M$ 

Science Council of Japan selected this one of 27 Major 
Projects of Japan 



HIHR: Very Precise spectroscopy with high-
resolution and high-intensity secondary beams 

Hypernucleus Microscope 

Multi-Strangeness / Charmed Nucleus 

KL: Measurement of 100 CP 
violating events to tackle a 
quest on the matter–dominated 
universe 

Discovery of Lepton Flavor Violation 

K10: Nuclear matter with an extreme condition 
with high-momentum separated secondary 
beams (Kaons and Antiprotons) 

Both Nuclear Physics community and 
High Energy Physics community gave 
high priority to this project. 

COMET: Search for µ-e conversion with 

the world-best precision of less than 10-16 

CP Violation: from Discovery 
to Measurement 

K1.1, 1.8: Ultimate research of 
S=-1 and -2 hypernuclei with 
high-intensity Kaon beams 

Hypernucleus Factory (S=-1, -2) 

Hadron Hall Extension 



RCS 
(H-  p) 

0.4  3 GeV 

MR 
330 GeV (p) 

H- Linac: 0.4 GeV 

 

   MLF  
 

p to NU 

          proton (existing) 

p to HD 

U86+ 

61.8  735.4 AMeV 

U86+→U92+ 

0.727 AGeV 

stripping 

U92+ 

0.727  11.15 AGeV  

p/HI to HD 

 HI (under planning) 
Figures: Not to scale 

HI 
booster 

U35+→U66+ 

20  67 AMeV 

U66+→U86+ 

61.8 AMeV 

stripping 

stripping 

HI Linac 

U35+ 

20 AMeV 

HI Accelerator scheme in J-PARC  
(preliminary) 

In the RCS, more than 1011 U86+ ions can be 
achieved without any significant beam losses. 



HI linac 
& 

Booster 
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Summary 
• Major accelerator facilities in Asia Pacific region were 

briefly reviewed. 
• We gave up to construct high energy heavy-ion colliders 

in Asia Pacific. 
• We have big medium energy heavy-ion (RI beam) 

facilities in AP and their future extension projects.  
• Now RI beam facility is changing/expanding from 

projectile fragmentation facility to the target ion source 
(ISOL type) facility. 

• We have only one facility for electromagnetic probes 
(LEPS).  

• J-PARC is becoming the KAON factory in the world. 
• How about baryon rich nuclear matter physics in Japan, 

i.e. J-PARC-HI? 
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Summary in Table 
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Beams Asia Europe America 

Hot QCD A+A 
 
-- 
 

LHC(ALICE) 
FAIR(SIS300) 
NICA 

RHIC 
Missing Asian? 
J-PARC-HI for 
dense matter? 

Cold QCD 

hadron 
J-PARC 
+Hdex 
HIRFL+HIAF 

FAIR(SIS100) -- Missing American? 

e- Spring-8 
/ELPH MAMI JLAB-12GeV 1+many 

collider (Belle-II) NICA eRHIC 
(eIC) 1 in the world? 

Many body 
Problem  
(RI Beam) 

PF RIBF GSI/FAIR FRIB 

Good 
competitions!! 

Both RISP 

ISOL 
HIRFL+HIAF 
BATANL 
 

SPIRAL2 
SPES 
HIE-ISOLDE 

ARIEL 

Super 
ISOL Beijing- ISOL EURISOL -- FRIB upgrade? 



Backup 
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 T2K (Tokai-to-Kamioka) Experiment  

Purpose of the T2K experiment ; 
Generate intense neutrino beam at J-PARC and shoot Super-Kamiokande detector, 
measure neutrino properties at SK to explore neutrino oscillation parameters,  
and eventually detect CP violation in the neutrino sector. 





  Kaonic nucleus Kaonic atom 

Ｘray 

Ｋ− 

Implantation of 
Kaon and the  
nuclear shrinkage 

K-meson 

High Density 
Nuclear Matter, 
Nucelar Force 

Nuclear, Hadron, & Particle Physics at Hadron Hall 

K1.8 

KL 

SK
S 

K1.8BR 
K1.1 

COMET 
Beam line 

T-Viola 
tion 

Free quarks Bound quarks 

Why are bound quarks heavier？ 

Quark 

Mass without Mass Puzzle 

Origin of Mass 

d 

u 
u 

d 

s 

Pentaquark Θ+ 

 ΛΛHe 6
 

Confinement 

e- 

µ-e conversion 

 

Λ,Ξ N 
Z Λ, Σ Hypernuclei 

ΛΛ, Ξ Hypernuclei 

S
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0 

Hypernuclei 

-1 

-2 

High Density Nuclear Matter, Nucelar Force 

CP-Violation 

K0 → π0 νν L
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