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Nuclear models in PHITS

+ Bertini - the cascade code

+ JOMD - a quantum molecular dynamics. Multi-body
calculation. Improved nucleon-nucleon inelastic cross
sections than Bertini.

+ JAM - a cascade including QGP for high-energy reaction.
Inelastic reaction of nucleons of JQMD is included.

+ All models are connected to GEM de-excitation

Bertini + GEM
JOMD + GEM
JAM + GEM

+ Differences of PHITS results are caused from
the differences of Bertini, JOMD, and JAM
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PHITS parameters

+ since 2003 PHITS changed a global parameter only once

+ there is no additional tuning parameters for specific
reactions.

+ JOMD has produced reasonably good results to various
physical quantities. Especially PHITS (JOMD as well) was
aimed to predict neutron production well (for J-PARC),
because neutron production o is largest.
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n (65 MeV) + Fe —- n data by Hjort
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FIG. 1. Schematic of the (n,n"x) detection system
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Expt. and Calc. info. about DDXs01

Expt. Calc.

Targets

Material Iron Iron

Size (thickness) unclear 1.0 cm

Size (width) unclear $0.5cm

D e nsity 7.87 g/cm3
Detectors

Size (width) 30 cm + 5.90 degrees

Angle 9.5t0 28 degrees 9.5t0 28 degrees

Distance (Tto D)

about 145 c¢cm

10 m




n (65 MeV) + Fe — n data by Hjort
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n (65 MeV) + Fe — n data by Hjort
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n (65 MeV) + Fe —- n data by Hjort
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n (65 MeV) + Fe —- n data by Hjort
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n (65 MeV) + Fe —- n data by Hjort
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repeat calculation@saclay by Iwase

- Yol \ gv: Input File =« comp.angel
. File  State| Page Landscape 1.000 BBox| Input File = comp angel [ 23.42 02-Sep-2010
| Mekiis S 10"1 ll] | | | ]llll[ | || ] IIIII_L
32X %316 =3 —
I~ - - %
Prit Marked| B 7 total cpu time 00.00
Sove M| - —
Save Marked |
' 107° = set data .00 0.00
- - transport .00 0.00
= _ N analysis .00 0.00 6531244.
Fadond » " = nevap .00 0.00 279304.
#HEH | T 107° & - nreac .00 0.00 279311.
Al | O = =
> . . other = 0.00 0.00
N ] hydro = 0.00 0.00 0.
4 dk1os = 0. 00 0. 00 [
107 E E
E E ncasc = 1IN 0. 00 $504.
- R n-data 0.00 0.00
B - p-data 0.00 0.00
10™° & = e-data 0.00 0.00
= = h-data 0.00 0.00
.l H
10° 02 berti 0.00 0.00
1soba 0.00 0.00
-~ JAM 0.00 0.00
i 0.00 0.00

oMD

|

=== jncident particle into bert ssss==

proton = . 1000.
neutron = - 313564.

314564.
114700.
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p (800 MeV) + Fe — n data by Leray

"Demon" detectors h
(liquid scintillator) Wire cham

Low energy detectors
(liquid scintillator)

-\\.

‘7 ' ﬁ cintillators
‘ | hqul \

>

N\ \
U
& \
)
- 2
.y N
-~ 3
(A » ROt 1tion
e \\ 4
s \\ . \ O /
\ u‘ -
ea S8 S "",'0' A7 i
-e ANl - e

\\*\‘ V’ : 5 \,

(St Cln Hia )Targ (.“" 1 Scnllc: : .lim

FIG. 1. Experimental area with time-of-flight and spectrometer
setup.
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p (1200 MeV) + Fe -> n
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p (800 MeV) + Fe — n data by Leray

p (800 MeV) + Fe —» n
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p (800 MeV) + Fe — n
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p (800 MeV) + Fe — n data by Leray
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p (800 MeV) + Fe —» n
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p (800 MeV) + Fe — n data by Leray
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p (800 MeV) + Fe — n data by Leray
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p (800 MeV) + Fe — n data by Leray
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p (800 MeV) + Fe — n data by Leray
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p (800 MeV) + Fe — n data by Leray
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p (800 MeV) + Fe — n data by Leray
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p (1200 MeV) + Fe — n data by Leray
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FIG. 1. Experimental area with time-of-flight and spectrometer
setup.
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p (1200 MeV) + Fe — n data by Leray

p (1200 MeV) + Fe - n

10°

B
10° i RN,
1075
Leray
1 0“3 —I— PHITS JAM
—+— PHITS Bertini
1

| e R R R B8 S EE R |

d°o/dQdE (mb/sr/MeV)
=

—— PHITS JQMD

Ll Lo rrnd T I e EA B A B

o° 10’ 102 10°
E (MeV)

the 2nd Advanced Workshop on Model Codes for Spallation Reactions, 8-11 February 2010, CEA Saclay - PHITS models H. Iwase (KEK)



p (1200 MeV) + Fe — n data by Leray
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p (1200 MeV) + Fe — n data by Leray
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p (1200 MeV) + Fe — n data by Leray
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p (1200 MeV) + Fe — n data by Leray
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p (1200 MeV) + Fe — n data by Leray
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p (1200 MeV) + Fe — n data by Leray
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p (1200 MeV) + Fe — n data by Leray
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p (1200 MeV) + Fe — n data by Leray
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p (1200 MeV) + Fe — n data by Leray
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p (1200 MeV) + Fe — n data by Leray
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p (1200 MeV) + Fe — n data by Leray
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p (1600 MeV) + Fe — n data by Leray
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FIG. 1. Experimental area with time-of-flight and spectrometer
setup.
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p (1600 MeV) + Fe — n data by Leray
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p (1600 MeV) + Fe — n data by Leray

p (1600 MeV) + Fe - n

e R R R R R

10°

| IIIIIIE

10’

ULILILLLLL |

10°

107

UNLILLLLL L |

107°

UL

o Leray

1073 —F— PHITS JAM
—— PHITS Bertini
—F— PHITS JQMD

d°o/dQdE (mb/sr/MeV)

10+

=111 L1yl Lo A P
10° 10' 10° 10°
E (MeV)

the 2nd Advanced Workshop on Model Codes for Spallation Reactions, 8-11 February 2010, CEA Saclay - PHITS models H. Iwase (KEK)



p (1600 MeV) + Fe — n data by Leray
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p (1600 MeV) + Fe — n data by Leray
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p (1600 MeV) + Fe — n data by Leray
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p (1600 MeV) + Fe — n
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p (1600 MeV) + Fe — n data by Leray
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p (1600 MeV) + Fe — n data by Leray
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p (1600 MeV) + Fe — n

data by Leray
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p (1600 MeV) + Fe — n data by Leray
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p (1600 MeV) + Fe — n data by Leray
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p (1600 MeV) + Fe — n data by Leray
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p (3000 MeV) + Fe — n
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p (3000 MeV) + Fe — n data by Ishibashi
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p (3000 MeV) + Fe — n data by Ishibashi
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p (3000 MeV) + Fe — n
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p (3000 MeV) + Fe — n data by Ishibashi
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p (3000 MeV) + Fe — n data by Ishibashi
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p (3000 MeV) + Fe — n data by Ishibashi
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p (3000 MeV) + Fe — n data by Ishibashi
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p +Pb-->n
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Multiplicity
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p (1200 MeV) + Fe — multiplicity
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Benchmark of Spallation Models

ISOTOPIC DISTRIBUTION CROSS-
SECTION IN INVERSE KINEMATICS
(IDX)

Summarized by N. MATSUDA
Calculated by N. MATSUDA



Problems List (IDX)

Energy

Beam Target (MeV) Reference
Fe_ 56 H 300 C. Villagrasa-Canton :3); 2160 I;hys. Rev. C 75 (2007)
C. Villagrasa-Canton et al., Phys. Rev. C 75 (2007)
Fe-56 H 1000 044603, P. Napolitani et al., Phys. Rev. C 70 (2004)
054607
Pb-208 H 500 L. Audouin et al., Nucl. Phys. A768 (2006) 1
Pb-208 H 1000 T. Enqvist et al., Nucl, Phys. A686 (2001) 481
J. Taieb et al., Nucl. Phys. A 724 (2003) 413, M. Bernas et
U-238 H 1000 al., Nucl. Phys. A765 (2006) 197, M. Bernas et al., Nucl.

Phys. A 725 (2003) 213, M. V. Ricciardi et al., Phys. Rev.
C 73 (2006) 014607




Experimental Setup for IDX01~05
* Experimental Geometry (GSI)

Bgeam
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— _Time of flight and position measurement_
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Expt. and Calc. info. for IDX01~05

Expt. C alc.

Target

Material Liquid Hydrogen Hydrogen

Size (thickness) 87.3 mg/cm? 1.22958 c¢m

Size (width) unclear ¢1.22958 cm

D e nsity 0.071 g/cm3
Beam Window

Material Titanium Titanium

Size (thickness) 36.0 mg/cm? 0.00793 cm

Size (width) unclear $1.22958 ¢m

D e nsity 4.54 g/cm3

#EETIE. A—FyhRIZERRLT-#%iEZ TallyL71-,




isotropic distribution: p (300 MeV) + 26°Fe — 27Co
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isotropic distribution: p (300 MeV) + 26°%Fe — »5Fe
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isotropic distribution: p (300 MeV) + 26°%Fe — »25Mn
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isotropic distribution: p (300 MeV) + 26°5Fe — 24Cr

p (300 MeV) + Fe
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isotropic distribution: p (300 MeV) + 26°%Fe — 23V

p (300 MeV) + Fe
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isotropic distribution: p (300 MeV) + 26°5Fe — 2, Ti
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isotropic distribution: p (300 MeV) + 26°%Fe — 21Sc

p (300 MeV) + Fe
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isotropic distribution: p (300 MeV) + 26°%Fe — »¢Ca

p (300 MeV) + Fe
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isotropic distribution: p (300 MeV) + 26°%Fe — 19K

p (300 MeV) + Fe
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isotropic distribution: p (300 MeV) + 26°%Fe — 18Ar

p (300 MeV) + Fe
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isotropic distribution: p (300 MeV) + 26°5Fe — 17Cl

p (300 MeV) + Fe
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isotropic distribution: p (300 MeV) + 26°5Fe — 16S

p (300 MeV) + Fe
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isotropic distribution: p (300 MeV) + 26°%Fe — 5P

p (300 MeV) + Fe
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isotropic distribution: p (300 MeV) + 26°5Fe — 14Si

p (300 MeV) + Fe
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isotropic distribution: p (300 MeV) + 26°%Fe — 13Al

p (300 MeV) + Fe
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isotropic distribution: p (300 MeV) + 26°Fe — 12Mg

p (300 MeV) + Fe
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isotropic distribution: p (300 MeV) + 26°%Fe — 11Na

p (300 MeV) + Fe
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isotropic distribution: p (300 MeV) + 26°%Fe — 1oNe

p (300 MeV) + Fe
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isotropic distribution: p (1000 MeV) + 26°%Fe — 25Fe
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isotropic distribution: p (1000 MeV) + 26°5Fe — 25Mn
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isotropic distribution: p (1000 MeV) + 26°Fe — 24Cr
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isotropic distribution: p (1000 MeV) + 26°%Fe — 23V
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isotropic distribution: p (1000 MeV) + 26°5Fe — 2,Ti
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isotropic distribution: p (1000 MeV) + 26°%Fe — 21Sc
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isotropic distribution: p (1000 MeV) + 26°%Fe — 2pCa
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isotropic distribution: p (1000 MeV) + 26°5Fe — 19K
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isotropic distribution: p (1000 MeV) + 26°5Fe — 1s3Ar
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isotropic distribution: p (1000 MeV) + 26°5Fe — 17Cl
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isotropic distribution: p (1000 MeV) + 26°%Fe — 16S

B
- —
=
- —
=
- —

—
-
N
—
(o))
N

—
=

o Villagrasa-Napolitani
PHITS JAM

—— PHITS Bertini

— PHITS JQMD

1072

20 40 60
neutron number

6(mb)
— — —
o o o
& L e
o T T T 1 T P r T r ey 1

the 2nd Advanced Workshop on Model Codes for Spallation Reactions, 8-11 February 2010, CEA Saclay - PHITS models H. Iwase (KEK)



isotropic distribution: p (1000 MeV) + 26°5Fe — 5P
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isotropic distribution: p (1000 MeV) + 26°5Fe — 14Si
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isotropic distribution: p (1000 MeV) + 26°5Fe — 13Al
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isotropic distribution: p (1000 MeV) + 26°5Fe — 12Mg
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isotropic distribution: p (1000 MeV) + 26°°Fe — 11Na
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isotropic distribution: p (1000 MeV) + 26°%Fe — 1oNe
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isotropic distribution: p (1000 MeV) + 26°%Fe — oF
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isotropic distribution: p (1000 MeV) + 26°Fe — gO
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isotropic distribution: p (1000 MeV) + 26°°Fe — 7N
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isotropic distribution: p (1000 MeV) + 26°°Fe — 4C
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isotropic distribution: p (1000 MeV) + 26°%Fe — 5B

-

 —

e

 —

e

 —
1

2 | 4
10° F B
10" k£ E
m o =
e 10° ;_ % _; o Villagrasa-Napolitani
a PHITS JAM
5 . i 1 —— PHITS Bertini
107" E § —— PHITSJQMD
107 3
107 [ -
= ] | ] | ] | =
0 20 40 60

neutron number

the 2nd Advanced Workshop on Model Codes for Spallation Reactions, 8-11 February 2010, CEA Saclay - PHITS models H. Iwase (KEK)



isotropic distribution: p (1000 MeV) + 26°%Fe — 4Be
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isotropic distribution: p (1000 MeV) + 26°%Fe — 3Li
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1sotrop1c distribution: p (500 MeV)+ 82208Pb
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p (1000 MeV) + U238 -- Residue charge production
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® charge distn. gsi et al.
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Charge number (Z)
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Benchmark of Spallation Models

LIGHT CHARGED PARTICLE
PRODUCTION (LCPP)

Summarized by N. MATSUDA
Calculated by N. MATSUDA
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Benchmark Problems (LCPP)

L] Projectile (Energy):
proton (61~1200 MeV)
[0 Target Material:

Aluminum (Al), Iron (Fe), Nickel (N1),
Tantalum (Ta), Gold (Au), Bismuth (B1)

1 Measured Quantities:

p, d, t, *He and o particle double difference
cross sections (DDX [mb/sr/MeV])

2
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Problems List (LCPP) 02/02

Beam

Target

Energy
(MeV)

Emitted
particles

Reference

P

Ni

1573

p, d, t, °He,
a

F. Goldenbaum et al. (unpublished)

175

P

S.V. Fortsch et al., Phys. Rev. C 43
(1991) 691

1200

p, d, t, °He,
a

C.-M. Herbach et al., Nucl. Phys. A
765 (2006) 426
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Experimental Setup for LCPP02, 07
* Experimental Geometry (NAC, South Africa)

POLARISED ION SOURCE

RO
Y U
[

\ \ '\. f/
7/ j -
( ) -

| T . i
!'\P)(,.fjl\ -' 7

—fa— SPCTS

[OF ] U

ECR ION SOURCE

!

P'J?"‘ 1
T

SEAM Swi

PRODUCTION

RADIOTHERAPY
\11;\.1, TS

FIG. 1. Layout of the cyclotron facility of the National Accelerator Centre.
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Target and Detectors (LCPP02, 07)
* Target Chamber

protons: 160 MeV

FI1G. 2. Detector and target geometry inside the scattering
chamber,
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Expt. and Calc. info. about LCPP02

Expt. C alc.

Targets
Material Aluminum Aluminum
Size (thickness) 1-4 mg/cm? 0.00037 cm (1 mg/cm?)
Size (width) unclear $0.00037 cm

D e nsity o 2.6989 g/cm?

Detectors
Size (width) unclear + 6.12 degrees
Angle 20to 140 degrees 20 to 140 degrees
Distance (Tto D) about35cm 10m
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Compal‘i SO (LCPP 02) Al(p,a) p (160MeV)

LCPP No.02 Al(p, &) p=160MeV by JAM(PHITS)
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Comparison (LCP PO7) Au(p,a) p (160MeV)

LCPP No.07 Au(p, a) p=160MeV by Bertini1(PHITS)
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Experimental Setup for LCPP03, 12
* Experimental Geometry (LANL)

o Phot
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Target and Detectors (LCPPO03, 12

* Experimental procedure

Li-DRIFT Ge

0% mm Si

j Q! mm S

f mm PLASTI
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AND DIGITIZERS
+1049 PULSE~HEIGHT
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Fig. 1. Schematic diagram of experimental system.
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Expt. and Calc. info. about LCPP03

Expt.

Calc.

Targets

Material

Size (thickness)
Size (width)
D e nsity

enriched 56Fe (99.7%)
416 mg/cm?2
over8 mm in dia.

56F g
0.00053 ¢cm
¢ 0.00053 cm
7.87 g/cm3

Detectors

Size (width)
Angle
Distance (Tto D)

unclear
15to 135 degrees
about45cm

+ 0.21 degrees
15to 135 degrees
47 ¢cm
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Comparison (LCPPO03) seewxp 6imev)

LCPP No.03 Fe-56(p,p) p=61MeV by JAM(PHITS)

LCPPO0O3 DDX(proton) 01/02 LCPPO3 DDX(proton) 02/02
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Comparison (LCPPO03) sk p 6imev)

LCPP No.03 Fe-56(p,d) p=61MeV by JAM{PHITS)
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Comparison (LCPPO3 56Fe(p,x) p (61MeV)

LCPP No.03 Fe-56(pd and t) p=61MeV by JAM(PHITS)
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Comparison (LCPPO3) seewxp simev)

LCPP No.03 Fe-56(p,1) p=61MeV by JAM(PHITS)
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Comparison (LCPPO3) 56Fe(p,x) p (61MeV)

LCPP No.03 Fe-56(p,He-3 and a) p=61MeV by JAM(PHITS)
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Expt. and Calc. info. about LCPP12

Expt.

Calc.

Targets

Material

Size (thickness)
Size (width)

D e nsity

Bismuth
10.3 mg/cm?
over8 mmin dia.

Bismuth
0.00105 ¢cm
¢ 0.00105 cm
9.80 g/cm?

Detectors

Size (width)
Angle
Distance (Tto D)

unclear
15to 160 degrees
about45cm

+ 0.21 degrees
15to 160 degrees
47 ¢cm
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Comparison (LCPP12) sie.xp@1.1mev)

LCPP No.12 Bi-209(p,p) p=61.7MeV by Bertini1(PHITS)
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Comparison (LCPP 12) Bi(p,x) p (61.7MeV)

LCPP No.12 Bi-209(p,p and d) p=61.7MeV by Bentini1(PHITS)
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Comparison (LCPP12) sipxp61.mev)

LCPP No.12 Bi-209(p,d) p=61MeV by Bertini1(PHITS)
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Compari SO (LCP Pl 2) Bi(p,x) p (61.7MeV)

LCPP No.12 Bi-209(p,t) p=61.7MeV by Bertini1(PHITS)
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Comparison (LCPP12) sie.xp@1.mev)

LCPP No.12 Bi-209(p t and He-3) p=61.7MeV by Bertini1(PHITS) o~ 1158 i&0eca00
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Comparison (LCPP12) sipxp61.7mev)

LCPP No.12 Bi-209(p,He-3) p=61MeV by Bertini1 (PHITS)
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Compari SO1 (LCP Pl 2) Bi(p,x) p (61.7MeV)

LCPP No.12 Bi-209(p,a) p=61.7MeV by Berntini1(PHITS)
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Comparison (LCPP12) siox o 61.7Mev)

LCPP No.12 Bi-209(p,a) p=61.7MeV by Bertini1(PHITS)
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Experimental Setup for LCPP04
* Experimental Geometry (COSY, Germany)

o Phot
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Target and Detectors (LCPP04)
* Target Chamber (UNCLEAR)
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Expt. and Calc. info. about LCPP04

Expt.

Cale-

Targets

Material

Size (thickness)
Size (width)

D e nsity

Nickel
unclear
unclear

Nickel
0.000124 cm
¢#0.000124 cm
8.90 g/cm?3

Detectors
Size (width)
Angle
Distance (Tto D)

unclear
16 to 100 degrees
unclear

+ 1degrees
16 to 100 degrees
30 cm
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Comparison (LCPP04 Ni(p,x) p (175MeV)

LCPP No.04 Ni(p,p and d) p=175MeV by Bertini1(PHITS)

LCPP04 DDX(proton) LCPPO4 DDX(deuteron)

T T T

.i'% 16 deg.
35degx102
35 deg. x 1T
50 deg. x 10°

50 deg. x 10°
65 deg. x 10

DDX [mb/si/MeV]
DDX [mb/st/MeV]

Lol ool ool ool ool sl soomd soud soomd souad doomd ool sned 104

50 100 150
Energy [MeV] Energy [MeV]

2

150

plotted by Ava L 4.35

the 2nd Advanced Workshop on Model Codes for Spallation Reactions, 8-11 February 2010, CEA Saclay - PHITS models H. Iwase (KEK)



Comparison (LCPP04) xie.xpa7smev)

LCPP No .04 Ni(p,t and He-3) p=175MeV by Bertini 1(PHITS)
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Comparison (LCPP 04) Ni(p,x) p (175MeV)

LCPP No.04 Ni(p,a) p=175MeV by Bertini1(PHITS)
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charged particles emission

+ the data indicates that light particles of p, d, t, He, etc.
are produced mostly from the direct interaction part
(not de-excitation).

+ on the other hand no surface coalescence model in
Bertini, (JOMD), and JAM

+ a cascade model including the surface coalescence
model by Kyushu-Univ. will be included in PHITS.
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surface coalescence by D. Iwamoto
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pion
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OMD should help us more

+ the dynamics of QMD potentially should represent pre-
equilibrium and coalescence.

+ coalescence-like fragments are produced from JQMD but
it look less than present coalescence models.

- clusters in QMD?
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present status of JOMD connected to GEM in PHITS
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JOMD with the new default tcut

BE0X Input Flle = p-fe-1200-leray+gmdnew.angel || 12:23 02-Oct-2010
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Summary

+ good: neutron emission

+ reasonably good: isotropic distribution

+ bad: high energy light charged particle emission, pion

+ there is a big room for improvement on JOMD

+ benchmarking individual channel is important but
benchmarking something integral value, i.e.,

total dE of fragments in a volume, total activation
in Pb irradiated by p, and so on, is also worth to look
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Thank you very much

CEAUDE BLOCH
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