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(1) 4%FERELIEER

JSNS (J-PARC), SNS (ORNL), SINQ (PSI), ISIS (UK), ......
ESS (Sweden), CSNS, ......

(2) IFMIF (International Fusion Material Irradiation Facility)
(EIFR% AR & # 4 R 5T e ER)

(3) BNCT (Boron Neutron Capture Therapy)

(4) ADS (Accelerator Driven System)
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(1) H%FEAELEER
JSNS (J-PARC) 3GeV proton 1 MW 25Hz - meV neutrons

J-PARC (Japan Proton Accelerator Research Complex) _ Short pulse source

S Materials & Life Science E =5meV

Experimental Facility

ed
25Hz, 40ms interval

JSNS
Decoupled

Neutron Intensity [n/cm?/s/sr/eV]
=)

50GeV o0 OV
& 1,600m
0.75 MW

0 200 0 800 1000

Materials & Life Science
Experimental Facility (MLF)

2001 Start construction
May 2008  First beam

Dec. 2008 User program
Now Operatin

' by F. Maekawa, JAEA
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JSNS (J-PARC) Target Moderator System

o

Supercritical Hydrogen Circulation System

-
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-i.j"- o en Moderator

Proton Beam
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JSNS Overview

Neutron Beam

by F. Maekawa, JAEA sy
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JSNS (J-PARC) Target Moderator System
3GeV proton 1 MW 25Hz -> meV neutron
BATKEEZEITREBUATLORS J-PARC Supercritical Hydrogen Moderators
EEZOFL’@*EE&*%" mfst;.ﬁj—t—&t d Y En='5mw§ Po;'so;edfec(z;tﬁ;ed | Decoupled moderator(DM) |

NELCREMYBRELAS, PHEFERE

for balanced

for high resolution r'formance

Neutron Intensity (Log. scale)

2.0 Time [ms] 1.0 =
- Adoption of Ag-In-Cd (AIC) ailoy for high

{ Coupled moderator (CM) I decoupling energy at 1 eV |

- optimized decouple coverage for lower pulse tail
- Adoption of Cd poison

ﬁ—-’rwb-‘*l
KT 12m _ € N
. ﬂlaé 246";1 N for high intensity
@ . .
EE 315ton \ Mﬂ
; - large & cylindrical
- wide ang_;!e ber::m extraction

AFAN 1 — R

- Optimized for 100 %
para-hydrogen (all)

by Y. Ikeda, JAEA — by F. Maekawa, JAEA s
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(2) IFMIF (International Fusion Material Irradiation Facility)
(EIFR%ZRR & M 2 R 5 e %

IFMIFD W E I —RBstsnE#s
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by H. Matsui, Tohoku uni. sy
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IFMIF4- A & BB

by H. Matsui, Tohoku uni. sy
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d(40MeV) + Li = neutron 14MeV Hi4F BB 55 D1E#EE

IFMIFOD F';FJ%IE

RFQ: BEREEGMEE |
DTL: M 7N BEHNER -

- R OREEIETE
REROEBRT QPEZTTER ICHIEL ., FESHICKY
E—LZzRAAME JFoLifihzE | BSHMELI-EBR R
REICHEET S REICHFITS | EREETHEARTD

7

by H. Matsui, Tohoku uni.
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[FMIF/EVEDAS X : IHEFRRAR (BEELFERMESS)

7 B R 0 E AT A05E 88 (RFQ) " B =Fyh
4R—2 R /2 £9.8m (0.1-5MeV/125mA) 8225/ 2 E4.6m (5-9MeV/125mA)

by T. Tsunematsu, JAEA
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(3) BNCT (Boron Neutron Capture Therapy)

BNCTD IR

® HAMBERTORSET ERURDRE

e 2
aki? g
EN% r iR v
LL' A;Ega?n;
! i_
o —&
BT Mm% (B)
Aﬁiﬂiﬁu‘/

w UFIL-TRFE

L i

i
+

=02~01

~Os
LRY OB

L

10~20= 40O

a HFEYFHL-TRFHE ROROMYRAFRTIVEVRIEADF A=D1,

1 s
. i~ = A \EAYA I : A
AR AMBRE AR IR B | SRR ROFRERVAATHNSNAMBITER TS

ROFETIoITS=U(BPAER 5T 5. NAMBRITERICIRINE .,
MNAKRB D A HSBNCTIZKY SEF B CafR BT SNIER T 5.
BPADIARN 2 IIPETCEEMIZHERAIRETH S,

by EiINAtEUP— -



- "

0 = 2.0~3 MeV E—b "
E mzy w

%

;

by ElXANAEZ2—



-« > w
-

MmERZZEFAL-EEHAPEFIR

BNCTOER : 10cm® DEEIZHLT2x10° EDPHEFA D
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L. 1}
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) s Marion olE) |
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x Gibbons & Macklin
Bair er al.
Verbinski & Burrus
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Marion & Levin

o
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by T. Shibata, JAEA -
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J-PARC REAGTE

BRI ERR R
/—| TEF-P

BH8Y: EH D TERERFPDOYER
EEIFELEELIZ, ADSOEELH
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BERE5 - RFIF (BERERMER)

[&Ft'—L4 : 600MeV. 10W
\EHH

(4) ADS (Accelerator Driven System)

1% A R R BRI 5%

/_[ADS@—’fvh?ﬂﬁFﬁQ
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BH#): 200kWRDSFE — L TR
A=y DB FE &M B OB

. 500WEL T y

RHEFREZITO
HERS - BEHEREEE
[BFE-L  : 600MeV. 200kW

\ F-Trurs ¥ ga-EANA

by JAEA -
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’ PHITS : Particle and Heavy Ion Transport code System <

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

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

5 major codes for all particle transport in a world

MCNPX GEANT4 FLUKA MARS PHITS

Lab. LANL CERN,IN2P3 CERN FNAL JAEA RIST,

Affiliation INFN,KEK,ESA, | INFN KEK,

SLAC, TRIUMF Chalmers Univ.

Language Fortran 90/C | C++ Fortran 77 Fortran 95/C | Fortran 77
Release Source & Source & Source & Binary Source &

Format binary binary binary binary
Users ~2000 ~1000 ~1000 220 220
Parallel Exec. | Yes Yes No Yes Yes

By G. W. McKinney in FNDA (Fast Neutron Detectors and Applications Conference) April 2006
e REVised by L. Waters in HSS06 (Hadronic Shower Simulation Workshop) Sep. 2006
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Physical Processes included in PHITS I

Electric, Magnetic Field

: Gravity
~ External Field Super mirror (reflection)
and Optical devices ; ;
/ Transport < p Mechanical devices, TO chopper
between collisions Tonization process dE/dx : SPAR, ATIMA code
h ticl
& g e L Energy straggling
< Angle Straggling
[ Nuclear Data @
ENDF-B/VI, LA150, ..... Event Generator Mode (new feature)
qulls ons { Particle Induced < JAM code
\ with nucleus Collisions >JAMQMD (new feature)

_ Heavy Ion Collisions \ JOMD code




Map of Models, transport particles and energies in PHITS

200 GeV 200 GeV 200 GeV
100 GeV/u
< JAM, Hadron cascade model =
JQMD

>

100 GeV

&

GEM, Evaporation and Fission process

< SPAR, ATIMA, lonization process >

10 MeV/u

Event Generator

only transport
with dE/dx (SPAR, ATIMA)

0 MeV 0 MeV 0 MeV/u




JAM code for Hadron Nucleus Collisions up to 200 GeV

I ntroducing 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.

Au+Au 200GeV/u in cm p(13.7GeV) +Au — p p(13.7GeV) +Au — 7
1010 E T T T T ‘ T T T | T T T T ; 1011 ; T T T T | T T T T | T T T T ;
E y=2.1(x10"%) 3 E y=25(x10") ]
10° £ y=1.7(x10™) . 10" & y=1.9 (x10™) 3
10f | i 100 ¢ 3
~ 1 L ] 0k z
- - ]
% 6 [ i % 107 E E
S 100 ¢ 3 S : -
o) C = o 6 L -
E 10° kL ] & 10 E 3
e B, 3 > F ]
= F ] 10 E E
oot [ e § 5 g E
S E “n 3 S 1 L l
~ C e 7 m 10 E =
Y 13 27 F ;
g 10 E_ w —E g s r ]
N F -.“-. ‘..!z 3 N 10 E E
=0k it . = F ;
i : 10° ¢ E
0t L e it T_ : ;
E 1] E 101 E E
E 5!i = E : 3
o [ & ES02exp. 1] ] - E802 exp. 1§ ]
107 i T w0 o ST
E f T 3 E I
10—1 T T TR AN NN N N T N N 1 10—1 I R T T R R R S R R R e =l
119 kinds of Mesons 0.0 0.5 1.0 1.5 0.0 0.5 1.0 1.5

m, - m, (GeV/c?) m, - m, (GeV /c?)

170 kinds of Baryons



Y, ” J QMD code for Nucleus-Nucleus Collisions up to 100 GeV/u .
JOMD (Jaeri Quantum Molecular Dynamics) for Simulation of Nucleus-Nucleus Collisions
K. Niiita et.al. Phys. Rev. C52 (1995) 2620 http://hadron31.tokai.jaeri.go.jp/igmd/
. -~ 6Fe 800 MeV/u on 2%8Pb
Analysis of Nucleus-Nucleus Collisions by JOMD

10° 3 =
E Production cross sections in Cu sample E
i for 230 MeV/u Ar reaction _
10% = #— PHITS _
E —&#— Yashima et al. =
= . _
.g. - L
§ 10'= 3
B . -
% | |
@ i i
5 10° 4 =
O = =
107 =

=20 =10 0 10 20




Neutron Transport below 20 MeV with Nuclear Data

Cross Section {barns)

Transport for Neutrons, Photons, Electrons
by using Evaluated Nuclear Data, such as ENDF, JENDL, ...

n-56Fe Reaction Cross Sections

Fe-56 Fe-56
]03 E T T TTTT T T TTITIT T T TTTI T T TTTTm T TTTITT T T TTTT T T TTTTIT T T TTTIT T T TTTTIT E| ]01 E T T T
E E E -- |NELASTIC —=-— [N.HP]
— — H2W Y
222+ SR E::E;;?m L ——— [H.HA) ——— N}
; ——— CAPTURE ~ 109 L T B |
£ w F --‘_“::{_'_A_E
101 ?:T:—— E i ———
;\\ l\ g l_ ,/_
FTe ~ 1071 ol
100 el | 2 = > -
- | s I L O
i [ g | | - i - U, e
_]_ r ”‘—
12 E \\‘_ | E ]0_2: / 7 = : -
E ] 3
L \\\ “ - / ’/ / ;/
1072 ; @ g / ;
E a E L ’
£ [ - ' i
3: \\ S 1078 - r
]0_ § r F ;‘r
E i I '
' i
INNTE L IJ; 1 L 1 1 I/ If 1 1
10t 10 g0t 19?2 03 0.0 5.0 10.0 15.0

Neulron Eneray | Neutron Energy (MeVY)
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Application Fields of PHITS I
Accelerator Cancer Therapy — Space Technology

4

_JPARC BNCT Dose in Space Shuttle
Spallation Neutron Source Proton and Atmospheric Cosmic-Ray

Neutron Opt_ic_:§ Heavy Ion Therapy
Heavy Ion Facilities




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

Be reflector
Fe reflector

Energy Deposition

S

(L

P SN —
el

o

)
Heat [MeV/cm®/sourcel

10710 ‘

60 40 20 0 20 40 60 =

Z [cm]
M. Harada et.al, J. Nucl. Matrial. 343 (2005) 197
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Wide energy range 20| |
1) proton beam transport E e 1.
(magnetic, electric fields, ...) or T T B
. - —20 — —
2) high energy nuclear reactions L . - J Hes
(nuclear reaction models, JAM, QMD,...) e
20 - = E
3) thermal and cold neutron transport I N I [
E O (e —
(Nuclear Data, JENDL, ENDF,...) > O = —
130 — | 20 | o
B i A B 4 Hg Target soem 1000 2o|00 soloo 4000
107 Pb (pxn) E, = 3000 MeV i g ponbean N \ : z[em] J-PARC
10* 3 samples
" TmeV 1eV TkeV 1MeV  1GeV
10° 30" (x10%) . © E Bumantiiodi Activation Foil
1o~ 3 o TOF Technique Detector, Adjusted
g Ep = 24 GeV (x 10) =
107 E -
10" |

d°o/dQdE (mb/sr MeV)

[— PHITS
% Ishibashi et al.

Neutron Flux / Lethargy (arbitrary)

-10—9 Ll Lol Lbl I Ll
10' 10 10°
E.(MeV) KEK experiment

UL

Ep =12 GeV

Ep=194Gev A

AGS experiment

Adjusted / Measured

el ol 3l

Calculated
| L1l 1
10°® 107 10"

Neutron Energy [MeV]
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Neutron flux distributions around the Hg-target was
measured by the foil activation method.

R Y

Cross Section [mb]

1000

500

= "5In{n, N * In
—# Alin, a)*Na
—®Nb(n, 2n)*"Nb
—— #%Bi(n, 4n)* 7B
— ®%Ri(n, 5n) B
29Bi(n, 6n)**Bi
258i(n, 7n)**Bi

.'ﬂn

.{

I
HISSS

MNeutron Energy [MaV]

Good agreement !

P
High-energy Neutrons around the Target

Reaction Rate [protons ' nucleus ]

. - =1
Reaction Rate [protons " hucleus |

e ——

— (.
BFE—L
10-23
4 a
10 27 : =
""_""‘"-g-._., -
x\n"‘N
-28
10 3 i
- Down
m Left
r o Right
I 115 o 116m —— Cal.{Up & Downj
i In ':"lr"J 'T — Cal. Left& Right)
10 1 :
0 10 20 30 40 50
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— a L ?:":“—x\_\-
C_ = Foaind
e B e s e L R ey
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R Ea“r gm
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o L P PN I Tl LR
0 10 20 30 40 50
Distance[cm]

by F. Maekawa, JAEA



Neutron Flux [n/sfcm?/sr/lethargy] @ 1 MW

High-energy Neutrons in the Beam

» Source term for shielding calculation of neutron instruments, large impact on

construction cost

» Calc./ Expt. ~ 1.4 in average.
» Adequacy of simulation calculation for HE neutrons was also confirmed.

—— Nb93(n,2n)NE92Zm
== Nb93(n,4n)NbS0m+g

=== In115(n,n")In115m
1E+13
= =Tm169(n,3n)Tm-167 (x0.5)
= Tm169(n.4n)Tm166 (x0.5)

— AI27(n.a)Naz4
==Bi208(n 4n)BiZ 0K
-=-= Bi208(n,5n)Bi205

- = Bi209(n,7n)Bi203
Bi209(n,Bn)Bi202

1E+12

1E+11
NOBORU Spectrum
1E+10

1E+9

1E+8

1E+7 —

Meutron Energy [MeV]

J-PARC

[q] uvonoag ssoigy

BL10 (DM), L=14m

Approx.
Reaction Energy Calc./Expt.
Range [MeV]

In(n,n")1°MIn 1-15 1.34
2TAl(n,c)?*Na 7-20 1.68
93Nb(n,2n)?2™Nb 10 - 25 1.67
93Nb(n,4n)%0m*sNb 40-70 1.38
169Tm(n,2n)'%8Tm 10 - 25 1.64
189Tm(n,3n)"%"Tm 20 - 40 1.35
89T m(n,4n)'%Tm 30 - 60 1.35
209Bi(n,4n)2%Bi 25 - 50 1.47
209Bj(n,5n)205Bi 35-70 1.33
209Bj(n,6n)2%Bi 45 - 90 1.15
209Bi(n,7n)2%%Bi 60 - 120 1:53
209Bj(n,8n)2%2Bi 75 - 150 1.15

by F. Maekawa, JAEA
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Comparison of Measurements of J-PARC with PHITS predictions I -

Agreements mostly within £20% in energy
integrated flux below 0.4 eV per unit proton
beam power between the measurements and
calculations

without any normalization

for CM, DM and PM

for BLs without guide tubes.

10000 ¢ —
| BL10 (NOBORU)
i » Expt. :

1000 e —Cale, | . e i i 5

Flux [n/em*Lethargy/0.4TP]

i
10 - y | ........
I 1/2" He-3 Counter (10 atoms) with 3 mm $ B4C pinhole
Efficiency has not been calibrated accurately.
1 L | | ]
0.0001 0.001 0.01 0.1

Neutron Energy [eV]

Lin.

350

BLO1 Pulse shape

2meV =

Log.

PHITS
measured

Discrepancies (1/3 ~ 1/2) were found between measured and calculated fluxes for

tubes.

« some BLs with guide tubes. This may suggest a possibility of misalignment of guide

0 RSN BB RGH0 8700 RS00

by F. Maekawa, JAEA
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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

13
10 TRy T TRy TRy TWTRNy T TV T VTV, Ty T YV T TVRy T YRy TRy T OV Ty

(1) Neutron from moderator

10" =

10" =

10" =

Neutron itensity(n'em®/s/sriethargy) [n]

107 1 1 I} Il I} 1l o 1 1 1 Il Il I |

107107107 10107 10° 10° 10°* 10 10 107" 10° 10' 10° 10° 10*
Neutron Energy [MeV]

(2) neutron

(2) neutron £

(1) proton (2) Long beam line calculations by the duct source
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y, ” Shielding design for neutron scattering instruments in J-PARC I m—

1000 —

x [em]

~1000 I N | B ».
0 1500 2000 2500 3000

I [
500 100!

Dose distribution
3D view by PHITS
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Cryogenic Calorimeter

s - ———————

Heat in inner absorber (J/ 10" proton)

Benchmark test of HEAT : compared with KEK experiment

Exp. and Cal. by H. Ohnishi et.al.
Nucl. Instr. and Meth. A545 (2005) 88

2.0

1.5

1.0

0.5

0.0

rTrrrr7TrrrryrrrTrrTr T T T oTrTryoa

Heat in inner absorber

m  KEK Exp.
— = MCNPX 2.40
v PHITS 1.83
—0— MARS 1504

|||||||II1IIII1IIII
[ N N TN N NN TR TN NN N TN N N N NN N N M

—100 =50 0 50 100
Target position (mm)

| GM j‘f thermal shunt
\ cryogooler [
5 _ | ~ 41/ pure Al strip
eam monitors | |/~ |
P o
Primary [ " ! | | = }/I':I beam
protons | || ” | A " —  dump
| SEC (Cu foil)} | |
,__SPIC_ IR N |
T movable target (Cu)
0.2 interaction length
éO/u/te/r Abs/otbgar%
pinnercAbsorber
12 GeV o
. Target 2 -
Primary S 1 RRE
Protons 30 1115
N
& /
LT 0240

MCNPX: calculated by N. Matsuda «=w



P i —
o 1) BEERE F RS O BRIK e
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http://nds121.iaea.org/alberto/mediawiki-1.6.10/index.php/Main_Page

article

f@}g Benchmark:Documentation
LN

e Benchmarg of Spallation Models

= [Main Page

= Specifications

= Experimental Data
= Calculation Results

= Tools Contents [hids]
» gee?mtgs;. 1 Second Advanced Workshop on Model Codes for Spallation Reactions
= Registration
Helgp 2 Consultants Meeting on Benchmark of Spallation Models
L]
3 Satellite Meeting on Spallation Reactions
search 4 |CTP-IAEA jointly organised workshop on Spallation Models

Second Advanced Workshop on Model Codes for Spallation Reactions

8-11 February 2010
= Details

Consultants Meeting on Benchmark of Spallation Models

6-7 October 2009
= Details

Satellite Meeting on Spallation Reactions

5 and 7 March 2009
= Details

ICTP-IAEA jointly organised workshop on Spallation Models

4-8 February 2008
= Details

b S
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Y / Total, inelastic and elastic cross sections. Nucleon-Nucleus I e

12C (p.tot) and (p.ela)

P (p.tot) and (p.ela)
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Cross Section {mbfsr)

elastic cross sections '

1

107
® LAlS0

lﬂ" Q Exp.
1
“ph (n.n) 150 MeV
10t
10t
1
1!

107

1

CM-angle (degree)

Cross Section {mbfsr)

10°

10°

10t

107

10°
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T T I0Im T Tiiim) T 171

O =T

CM-angle (degree)



Cross Section (mb)

200

150

2

Lh
=

=

- P
\¥‘ = —~—

> 5 W

Nucleon-Nucleon elastic cross sections '

BT FETEROEENR

[ T | T T T ] 2{:]{} | I [ I | I ]
i PP cross section ] - NP cross section i
- free - _E 150 : free —:
N new in medium i : - new in medinm -
N in medium i g = in medium -
| _ oo - -
- - & - -
n 1 S5 NF 3 o ]
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4 New event generator mode ' -

"Li(d.xn) reaction at 40 MeV
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How to get PHITS I

> 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/ccc//ccc-778.html




