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１） 核破砕中性子源施設の現状

(1) 中性子散乱施設
JSNS （J-PARC）, SNS （ORNL), SINQ （PSI), ISIS （UK), ……
ESS (Sweden), CSNS, ......

(2) IFMIF (International Fusion Material Irradiation Facility)
（国際核融合材料照射施設）

(3) BNCT (Boron Neutron Capture Therapy)

(4) ADS （Accelerator Driven System)



(1) 中性子散乱施設
JSNS （J-PARC） 3GeV proton 1 MW  25Hz  � meV neutrons

by F. Maekawa, JAEA



by F. Maekawa, JAEA

JSNS （J-PARC） Target Moderator System 



by Y. Ikeda, JAEA by F. Maekawa, JAEA

JSNS （J-PARC） Target Moderator System 

3GeV proton 1 MW  25Hz  � meV neutron



(2) IFMIF (International Fusion Material Irradiation Facility)
（国際核融合材料照射施設）

by H. Matsui, Tohoku uni.



by H. Matsui, Tohoku uni.



by H. Matsui, Tohoku uni.

d(40MeV) + Li  � neutron    14MeV 中性子照射場の模擬



by T. Tsunematsu, JAEA

青森県六ヶ所村



(3) BNCT (Boron Neutron Capture Therapy)

by 国立がんセンター



by 国立がんセンター

原子炉利用から加速器駆動BNCTへ



by T. Shibata, JAEA



(4) ADS （Accelerator Driven System)

by JAEA

J-PARC 次期計画 核変換実験施設



PHITS : Particle and Heavy Ion Transport code SystemPHITS : Particle and Heavy Ion Transport code System

5 major codes for all particle transport in a world
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PHITSMARSFLUKAGEANT4MCNPX

By G. W. McKinney in FNDA (Fast Neutron Detectors and Applications Conference) April 2006
Revised by L. Waters in HSS06 (Hadronic Shower Simulation Workshop) Sep. 2006

� General-purpose 3D Monte Carlo transport code system,
for all particles and Heavy Ions 
with all energies from meV upto 200 GeV

� All in one package including graphic utility, 
its physical models are fully integrated.



Physical Processes included in PHITSPhysical Processes included in PHITS

Transport
between collisions

Collisions
with nucleus

Electric, Magnetic Field

Gravity

Super mirror (reflection)

Mechanical devices, T0 chopper

External Field 
and Optical devices

Ionization process
for charge particle

dE/dx : SPAR, ATIMA code

Energy straggling

Angle Straggling

Nuclear Data                 
ENDF-B/VI, LA150, …..           Event Generator Mode (new feature)

Particle Induced              JAM code

Collisions                                         JAMQMD (new feature)

Heavy Ion Collisions       JQMD code
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with
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Map of Models, transport particles and energies in PHITSMap of Models, transport particles and energies in PHITS

EGS5

Event Generator



Introducing JAM (Jet AA Microscopic Transport Model)     Y. Nara et.al. Phys. Rev. C61 (2000) 024901

JAM is a Hadronic Cascade Model, which explicitly treats all established hadronic states including 

resonances with explicit spin and isospin as well as their anti-particles.

We have parameterized all Hadron-Hadron Cross Sections, based on Resonance Model and String Model by 

fitting the available experimental data. 

JAM code  for Hadron Nucleus Collisions up to 200 GeVJAM code  for Hadron Nucleus Collisions up to 200 GeV

Au+Au 200GeV/u in cm



JQMD (Jaeri Quantum Molecular Dynamics)   for Simulation of Nucleus-Nucleus Collisions

JQMD code  for Nucleus-Nucleus Collisions up to 100 GeV/uJQMD code  for Nucleus-Nucleus Collisions up to 100 GeV/u

56Fe 800 MeV/u on 208Pb

K. Niiita et.al. Phys. Rev. C52 (1995) 2620 http://hadron31.tokai.jaeri.go.jp/jqmd/

Analysis of Nucleus-Nucleus Collisions by JQMD



Neutron Transport below 20 MeV with Nuclear DataNeutron Transport below 20 MeV with Nuclear Data

Transport for Neutrons, Photons, Electrons

by using Evaluated Nuclear Data, such as ENDF, JENDL, …

n-56Fe Reaction Cross Sections



Space TechnologyCancer Therapy

J-PARC 
Spallation Neutron Source

Neutron Optics
Heavy Ion Facilities

BNCT 
Proton and

Heavy Ion Therapy

Dose in Space Shuttle
Atmospheric Cosmic-Ray

Accelerator

Application Fields of PHITS    Application Fields of PHITS    



Moderators Hg target

Fe reflector
Be reflectorEnergy Deposition

Spallation Neutron Source in Proton Accelerator FacilitiesSpallation Neutron Source in Proton Accelerator Facilities

PHITS has been extensively used for
Optimization and Shielding design around Hg target of J-PARC

M. Harada et.al, J. Nucl. Matrial. 343 (2005) 197



Wide energy range
1) proton beam transport 

(magnetic, electric fields, …)
2) high energy nuclear reactions

(nuclear reaction models, JAM, QMD,…)
3) thermal and cold neutron transport 

(Nuclear Data, JENDL, ENDF,…)

AGS experiment

KEK experiment

J-PARC



by F. Maekawa, JAEA

J-PARC



by F. Maekawa, JAEA

J-PARC



Comparison of Measurements of J-PARC with PHITS predictionsComparison of Measurements of J-PARC with PHITS predictions

BL01 Pulse shape PHITS

measured

by F. Maekawa, JAEA



Variance reduction for Long beam line calculations by Monte Carlo method
1) Tow steps calculation

1. proton ---> moderator
2. moderator ---> beam line

2) Duct source
equal number of particles
on the wall by changing the weight

(1) Neutron from moderator

(1) proton

(2) neutron

(2) neutron

(2) Long beam line calculations by the duct source



Shielding design for neutron scattering instruments in J-PARCShielding design for neutron scattering instruments in J-PARC

Dose distribution 

23 neutron beam lines 
1MW Spallation Target Station

3D view by PHITS 



Benchmark test of HEAT :  compared with KEK experiment Benchmark test of HEAT :  compared with KEK experiment 
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MCNPX: calculated by N. Matsuda



１） 核破砕中性子源施設の現状

２）施設設計のためのシミュレーションコード PHITS
３） 必用な基礎データ

http://nds121.iaea.org/alberto/mediawiki-1.6.10/index.php/Main_Page



Total, inelastic and elastic cross sections.  Nucleon-NucleusTotal, inelastic and elastic cross sections.  Nucleon-Nucleus

Total and elastic

Inelastic

Total and 
elastic

Inelastic



elastic cross sectionselastic cross sections



Nucleon-Nucleon elastic cross sectionsNucleon-Nucleon elastic cross sections

核子-核子断面積の媒質効果



(p,n) reactions from thin target(p,n) reactions from thin target

核子-核子断面積の媒質効果



(p,n) reactions from thin target(p,n) reactions from thin target

核子-核子断面積の媒質効果



(p,n) reactions from thick target(p,n) reactions from thick target

20 cm thickness 核子-核子断面積の媒質効果



Neutron flux in thick Fe targetNeutron flux in thick Fe target

500 cm radius, 600 cm thickness

0 cm 200 cm

核子-核子断面積の媒質効果



400 cm 600 cm

500 cm radius, 600 cm thickness 核子-核子断面積の媒質効果



Proton stripping

T. Ye, Y. Watanabe, K. Ogata, PRC80,014604(2009)

d

p

n

7Li

� Elastic breakup
Evaporation

p-stripping

(DWBA)

New event generator modeNew event generator mode by S. Hashimoto, JAEA



p-stripping

(DWBA)

New event generator modeNew event generator mode

Preliminary result
by S. Hashimoto, JAEA



General

Contract

JAEA

KEK

•Programming

• Improvement of 

nuclear reaction 

model

RIST

Kyushu Univ.

Chalmers (Sweden)

RIKEN

JAXA

•Managing all 

the projects

•Tutorial

•Distribution

• Incorporating 

EGS5

• Improvement and 

verification of nuclear 

reaction model

•Application to space 

science and biology

•Tutorial in Europe

•Application to 

space science

•Application to 

biology using super 

computer “Kei”

CEA (France)
• Implementation and 

improvement of 

INCL model

PHITS Developing TeamPHITS Developing Team



� 仁井田浩二（RIST）：主プログラマー，核反応モデル改良

� 松田規弘（JAEA）：講習会・HP担当，DCHAIN-SP組込

� 橋本慎太郎（JAEA）：マニュアル担当，核反応モデル改良

� 岩元洋介（JAEA）：ML担当，DPA計算機能改良，核反応モデル検証実験

� 岩瀬広（KEK）：EGS5組込

� 佐藤達彦（JAEA)：開発とりまとめ，マイクロドジメトリ機能改良

� 中島宏（JAEA）：J-PARC遮へい評価，核反応モデル検証実験

� 坂本幸夫（JAEA)：ユーザー管理

� 深堀智生（JAEA）：核データライブラリ整備

� 千葉敏（JAEA)：核反応モデル改良

� Lembit Sihver（Chalmers, Sweden)：欧州普及担当，医療・宇宙への応用

� 野田秀作（JAEA）：光核反応モデル改良

� 太田周也（JAEA）：核反応モデル改良

� ？？？？（JAEA）：核反応モデル検証実験（現在募集中！）

将来将来将来将来のののの開発者開発者開発者開発者（（（（ポスドクポスドクポスドクポスドク））））

PHITS Developing TeamPHITS Developing Team



How to get PHITSHow to get PHITS

� PHITS home page : � http://phits.jaea.go.jp/index.html

� How to get PHITS : 
from OECD/NEA Data Bank and RSICC of ORNL

� http://www.oecd-nea.org/tools/abstract/detail/nea-1857/
� http://www-rsicc.ornl.gov/codes/ccc/ccc7/ccc-778.html


