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Nuclear Data Measurement in Japan  
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 in Aug. 2017  



Activities by J-PARC/MLF/ANNRI 
collaboration in 2017 

Japan Atomic Energy Agency  

Tokyo Institute of Technology 

Kyoto Univ. 

Contact :  
Nuclear Data Center   
Nuclear Data and Reactor Engineering Division 
Nuclear Science and Engineering Center  
Japan Atomic Energy Agency  
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     Neutron capture and 
Total cross sections are 
being measured at  

     BL04 of J-PARC MLF. 

Nuclear Data Projects in Japan 
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Building dimension : 
 
 Width  :   70m  
 
 Length : 146m 
       
 Height  :   30m 
   
 Exp. Hall Height : 22m  
      

Target remote handling room 

Cooling systems 
(Basement) 

23 neutron beam lines will be Installed 

in experimental halls under present 

design. 

J-PARC Materials and Life Science Experimental Facility 

BL04: Nuclear 

Data Beam Line 

J-PARC MLF, 

Taken from HP 

of  J-PARC 
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ANNRI 

NaI(Tl) Spectrometer  
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ANNRI (Accurate Neutron Nucleus Measurement Instrument) 

Ge Spectrometer 
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Ge 
Spectrometer 

• Flight length: 21.5m 

• 2 cluster-Ge detectors 

8 coaxial-Ge detectors 

->Peak efficiency for 1.33MeV γ-rays:  3.64 ± 
0.11 %  

• New DAQ System (CAEN 1724,1720) is 

installed in 2017. 

 Measurements of neutron capture cross sections 
of 241,243Am, 137,135Cs, 244,246Cm and  stable 
isotopes have been finished. 

 Data analysis is in progress. 

TOF spectra for 243Am Samples 
OECD/NEA WPEC 2018 7 



8 OECD/NEA WPEC 2018 

NaI(Tl) spectrometer 

• Flight length: 28m 

• Size:  330 mmΦ  203 mmL  90◦  
               203 mmΦ  203 mmL 125◦ 

• Pulse-height weighting technique 

• Measurement in the high energy 
region 



Neutron capture cross section of 237Np 

Np-237 sample 
5 MBq 

Sealed in Al container 
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Preliminary results 
Self-shielding and multiple scattering 
corrections have not been applied yet. 

Normalized to thermal cross 
section of JENDL-4.0 
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High energy region 
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Measurement of neutron total cross sections 
Li-Glass detectors for neutron total cross section is installed.  

Li-glass detector 
Sample 

 A 6Li-glass scintillation detector for neutron and a 
7Li-glass scintillation detector for B.G. were 
installed at the flight length of 28.7m  

 Measurements of neutron total cross sections of 
241,243Am and 155,157Gd  have been finished. 

 Data analysis is in progress. 

DAQ 
( CAEN V1720) 

TOF spectra for 241Am 
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Activities at JAEA Tandem 
Accelerator Facility 
(surrogate reaction) 

 

Contact :  
Katsuhisa Nishio 
Advanced Science Research Center 
Japan Atomic Energy Agency  
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Magnetic Spectrograph 
Booster Liniac Recoil Mass Separator 

Ge-detector array 

 ISOL  

Large Scattering Chamber 

In-beam fission setup 

(surrogate reaction) 

Radioactive materials can be used   

Th, U, Np, Pu, Am, Cm, Bk, Cf, Es 

Equipment at the JAEA Tandem Accelerator Facility 



Surrogate Reactions for Fission Data 

Obtained Data 
・ Fission cross sections 

・ Fission fragment mass distribution 

・ Prompt neutron multiplicity and energy spectra 

Array of 33 liquid scintillators (d5”х t2”) around the 

fission chamber ( Planning to add 12 detectors. ) 

Method 
・ Populate excited compound nuclides using multi-nucleon transfer reactions. 

   Identification of fissioning nucleus and its excitation energy is given by silicon ΔE-E detectors 

   by detecting ejected nucleus.  

・ Detect both fission fragments (double-velocity measurement) using multi-wire proportional counters and  

   micro-channel plate (MCP) based timing detectors. 

・ Coincidence with prompt neutrons ( liquid scintillation detectors with n/g discrimination technique).  

R. Léguillon et al., Phys. Lett. B 761, 125 (2016). 

K. Hirose et al., Phys. Rev. Lett. 119, 222501 (2017). 



Selected Results 

 from surrogate fission setup 



Surrogate Reactions for Capture Cross Sections 

Detector setup for the surrogate capture measurement. 

Method 
・ Populate excited compound nuclides using multi-nucleon transfer reactions. 

   Identification of excited nucleus and its excitation energy is given by silicon ΔE-E detectors 

・ Gamma-rays emitted in the deexcitation process are detected by two anti-Compton LaBr3(Ce) spectrometers.  

H. Makii et al., Nucl. Instrum. Meth. A, 797, 83 (2015). 

S. Q. Yan et al., Phys. Rev. C, 94, 015804 (2016). 

LaBr3(Ce) 

Energy Resolution 



Selected Results 

S. Q. Yan et al., Astrophysical 

J, 848, 98 (2017). 

In collaboration with China institute of Atomic Energy  



Activities at Konan Univ. 
 
 
 
 

Hiroaki Utsunomiya 
Konan University 

 

Photo-excitation and neutron emission cross 
section measurement at Spring-8 
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SPring8 

SACLA 

NewSUBARU   
 MeV g are produced with  Laser Compton scattering 

1 GeV e- Linac 



Flat-efficiency neutron detector 

 
Configurati

on 

 

3He 
counters 

 
Distance 

[cm] 
Ring 1 4 5.5 
Ring 2 9 13.0 
Ring 3 18 16.0 
Total 31   

H. Utsunomiya et al., Nucl. Instrum. Meth. A 871 (2017) 135-141.  



Experiments at NewSUBARU in 2017  

 
July 17 - 30  : (g, xn) for 197Au, 169Tm, and 89Y  
 
November 6 - 20: (g, xn) for 197Au, 169Tm, and 89Y  
 
December 4 – 18: (g, n) for 184W, 183W, 182W, 68Zn, 66Zn, and 64Zn 

Experiments at NewSUBARU in 2018  

 
May 11 – June 9  : (g, xn) for 159Tb, 139La, and 103Rh  
 
July 17 – 31: (g, n) for 156Gd, 157Gd, 158Gd, 160Gd 



Publications 

1. Neutron-multiplicity  
        sorting 

2.     209Bi (g,xn)  

3. Photon-flux  
        determination  

2017 

2017 

2018 



Activities at National Institutes for 
Quantum and Radiological Science and 

Technology (QST) 
 

LCS Gamma-Ray Research Group 
Contact: Toshiyuki Shizuma 

shizuma.toshiyuki@qst.go.jp  



Measurements of nuclear resonance 
fluorescence (NRF) using polarized 
photon beams 

Model independent extraction of transition strength 
Selective excitation of dipole states 
Unambiguous parity determination (1- or 1+) using   
    a polarized photon beam 

NRF takes place via only electro-magnetic interaction:   

Facilities:   

NewSUBARU (Univ. of Hyogo), HIgS (Duke University) 



Electrons                          Laser 
 Energy: 600-1500MeV     Nd:YVO4 l=1064nm 
 Current: Max.250mA       Power: 20W 

Example 

Experimental Setup at NewSUBARU 

LCS g-ray beam 
  Max. energy: 6-39MeV 
 Ave. flux: ～6×105 /s 



Results of NRF measurements for 52Cr 

Typical NRF spectrum 
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T.Shizuma et al., PRC 96, 044316 (2017). 



Measurement of double-differential neutron 
production cross sections for deuteron-induced 

reactions@ RCNP, Osaka U. 

Team: 
 Dept. of Advanced Energy Engineering Science, Kyushu University 
 Japan Atomic Energy Agency 
 High Energy Accelerator Research Organization (KEK) 
 Research Reactor Institute, Kyoto University 
 Research Center for Nuclear Physics (RCNP), Osaka University 

Contact person: 
 Yukinobu Watanabe, Kyushu University 



Experiment @RCNP, Osaka U. 

Systematic measurement of double-differential (d,xn) cross sections 
at 200 MeV using conventional TOF method 

• Experimental Facility:  Neutron TOF facility at RCNP, Osaka U. 
• Targets:  Li, Be, C, Al, Cu, Nb, In, Ta, Au  
• Emission angles : 0, 5, 10, 25, 20, 25 degrees  
• Detector:  Liquid Scintillator EJ301  

Experimental setup in the neutron TOF facility ＠ RCNP, Osaka U 

neutron TOF facility  
Flight path: 20m 



Result 

Double-differential (d,xn) cross sections 
• Incident energy : 200 MeV 
• Targets:  Li, Be, C, Al, Cu, Nb, In, Ta, Au   
• Emission angles : 0, 5, 10, 25, 20, 25 degrees  

Ref.) H. Sadamatsu et al., presented at 2017 Symp. on Nuclear Data, Tokai, Japan, Nov. 16-17, 2017. 



Neutron Production DDX from Heavy-Ion 
Interactions @ NIRS-HIMAC 

Team: 
a) Department of Applied Quantum Physics and Nuclear Engineering, 

Kyushu University 
b) Japan Atomic Energy Agency 
c) Hiroshima University 
d) High Energy Accelerator Research Organization 
e) Shimizu Corporation 
f) National Institute of Radiological Sciences of National Institute for 

Quantum and Radiological Science and Technology 
g) Korea Atomic Energy Research Institute 
h) Sungkyunkwan University 
i) Myongji University 

Contact:  
 Nobuhiro SHIGYO, Kyushu University 



Neutron DDX and TTY from Heavy-Ion Interactions @ QST-NIRS-HIMAC 

Kyushu U., Hiroshima U., 
   QST-NIRS, Sungkyunkwan U,  
   Myongji U 
 
Systematic neutron cross sections 

and thick target yields for shielding 
design 
 

HIMAC PH2 beam line 
Beam: 100, 290 MeV/u Si, ~105 pps 
Target: Si (2 thicknesses) 
Detection: NE213 (2 sizes) + TOF 
Direction: 0˚ - 90˚ 

 
PHITS and Geant4 overestimate 

neutron yields at 15˚ and 
underestimate at 75˚ and 90˚ 

Experimental setup at HIMAC 

Target 

detectors 

Shield 

Beam dump 

290 MeV/u Si(Si, xn) TTY 


