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Models in the benchmark

phits-bertini
phits-jam
phits-jqmd

cem03-02
cem03-03
cascade-04
isabel-smm
isabel-gemini++
geant4-bertini
geant4-binary
cascade-asf
incl4.5-abla07
incl4.5-smm
isabel-abla07
incl45-gemini++
cascade-x
mcnpx-bert
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Nuclear models in PHITS

✤ Bertini - the cascade code

✤ JQMD - 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
JQMD   + GEM
JAM     + GEM

✤ Differences of PHITS results are caused from 
   the differences of Bertini, JQMD, 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.

✤ JQMD has produced reasonably good results to various  
physical quantities. Especially PHITS (JQMD as well) was 
aimed to predict neutron production well (for J-PARC),

   because neutron production σ is largest.
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n (65 MeV) + Fe → n                        data by Hjort
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repeat calculation@saclay by Iwase 
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p (800 MeV) + Fe → n                    data by Leray
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p (1200 MeV) + Fe -> n

specially calculated 
down to low E end

angular distribution

remove (/MeV)

linear plot

integration



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

0o



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

p (800 MeV) + Fe → n                    data by Leray



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

p (800 MeV) + Fe → n                    data by Leray



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

p (800 MeV) + Fe → n                    data by Leray



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



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

p (800 MeV) + Fe → n                    data by Leray



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

p (800 MeV) + Fe → n                    data by Leray



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

p (800 MeV) + Fe → n                    data by Leray



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

p (800 MeV) + Fe → n                    data by Leray



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

p (800 MeV) + Fe → n                    data by Leray



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

p (800 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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p (3000 MeV) + Fe → n              data by Ishibashi
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p + Pb --> n

0 20 40 60 80 100 120
0

100

200

300

400

500

angle ( )

yi
el

d 
(d

/d
(m

b/
sr

)

p (63 MeV) + Pb  n

Guertin
PHITS JAM
PHITS Bertini
PHITS JQMD

0 50 100 150

200

400

600

800

angle ( )

yi
el

d 
(d

/d
(m

b/
sr

)

p (256 MeV) + Pb  n

Meier
PHITS JAM
PHITS Bertini

0 50 100 150
0

500

1000

1500

angle ( )

yi
el

d 
(d

/d
(m

b/
sr

)

p (1200 MeV) + Pb  n

Leray
PHITS JAM
PHITS Bertini
PHITS JQMD

0 50 100 150
0

500

1000

1500

angle ( )

yi
el

d 
(d

/d
(m

b/
sr

)

p (800 MeV) + Pb  n

Leray
PHITS JAM
PHITS Bertini
PHITS JQMD

0 50 100 150
0

500

1000

1500

angle ( )

yi
el

d 
(d

/d
(m

b/
sr

)

p (1600 MeV) + Pb  n

Leray
PHITS JAM
PHITS Bertini

Guertin Meier

Leray Leray Leray

JQMD

Bertini JAM

JAM

Bertini

Bertini

Bertini

Bertini Bertini

JAM
JAM

JQMD
JQMD

JAM



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

0 20 40 60

10 3

10 2

10 1

100

101

102

neutron number

 (m
b)

p (1200 MeV) + Fe  multiplicity

Herbach
PHITS JAM
PHITS Bertini
PHITS JQMD

Multiplicity

Herbach

Bertini

JQMD

JAM

0 20 40 60

10 2

10 1

100

101

102

neutron number

 (m
b)

p (1200 MeV) + Pb  multiplicity

Leourneau
PHITS JAM
PHITS Bertini
PHITS JQMD

Letourneau

JQMD

JAM Bertini

p (1200 MeV) + Fe p (1200 MeV) + Pb



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



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



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



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



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



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

isotropic distribution: p (300 MeV) + 26
56Fe → 27Co
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isotropic distribution: p (300 MeV) + 26
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isotropic distribution: p (300 MeV) + 26
56Fe → 25Mn
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isotropic distribution: p (300 MeV) + 26
56Fe → 24Cr
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isotropic distribution: p (300 MeV) + 26
56Fe → 23V
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isotropic distribution: p (300 MeV) + 26
56Fe → 21Sc
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isotropic distribution: p (300 MeV) + 26
56Fe → 20Ca
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isotropic distribution: p (300 MeV) + 26
56Fe → 19K



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

isotropic distribution: p (300 MeV) + 26
56Fe → 18Ar
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isotropic distribution: p (300 MeV) + 26
56Fe → 17Cl
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isotropic distribution: p (300 MeV) + 26
56Fe → 16S
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isotropic distribution: p (300 MeV) + 26
56Fe → 15P
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isotropic distribution: p (300 MeV) + 26
56Fe → 14Si
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isotropic distribution: p (300 MeV) + 26
56Fe → 13Al
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isotropic distribution: p (300 MeV) + 26
56Fe → 12Mg
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isotropic distribution: p (300 MeV) + 26
56Fe → 11Na
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isotropic distribution: p (300 MeV) + 26
56Fe → 10Ne
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isotropic distribution: p (1000 MeV) + 26
56Fe → 26Fe
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isotropic distribution: p (1000 MeV) + 26
56Fe → 25Mn
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isotropic distribution: p (1000 MeV) + 26
56Fe → 24Cr
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isotropic distribution: p (1000 MeV) + 26
56Fe → 23V
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isotropic distribution: p (1000 MeV) + 26
56Fe → 21Sc
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isotropic distribution: p (1000 MeV) + 26
56Fe → 20Ca
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isotropic distribution: p (1000 MeV) + 26
56Fe → 19K
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isotropic distribution: p (1000 MeV) + 26
56Fe → 18Ar
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isotropic distribution: p (1000 MeV) + 26
56Fe → 17Cl
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isotropic distribution: p (1000 MeV) + 26
56Fe → 16S
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isotropic distribution: p (1000 MeV) + 26
56Fe → 15P
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isotropic distribution: p (1000 MeV) + 26
56Fe → 14Si
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isotropic distribution: p (1000 MeV) + 26
56Fe → 13Al
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isotropic distribution: p (1000 MeV) + 26
56Fe → 12Mg
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isotropic distribution: p (1000 MeV) + 26
56Fe → 11Na
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isotropic distribution: p (1000 MeV) + 26
56Fe → 10Ne
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isotropic distribution: p (1000 MeV) + 26
56Fe → 9F
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isotropic distribution: p (1000 MeV) + 26
56Fe → 8O
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isotropic distribution: p (1000 MeV) + 26
56Fe → 7N
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isotropic distribution: p (1000 MeV) + 26
56Fe → 6C



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
56Fe → 5B



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
56Fe → 4Be
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isotropic distribution: p (1000 MeV) + 26
56Fe → 3Li
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isotropic distribution: p (500 MeV) + 82
208Pb
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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, (JQMD), 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

Ph.D thesis
D. Iwamoto
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pion



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

QMD 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 JQMD connected to GEM in PHITS

p

t = t0

p

t

t = t’

p

t = t’’

p

t = t’’’

JQMD GEM

t = tcut
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JQMD with the new default tcut
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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 JQMD

✤ 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


