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Previous Benchmarking efforts

* NEA: “International Code Comparison for Intermediate
Nuclear Data” Blann et al, 1993

“Emphasis has been placed on thin target double differential cross sections,
for which °°Zr and 298Pb target nuclei were selected. Experimental double
differential cross section data are compared with calculated results at
incident proton energies of 25, 45, 80, 160, 256 and 800 MeV for (p, xn)
reactions, and at incident energies of 80 and 160 MeV for 2°Zr (p, xp)
reactions. Calculated (p, xp) double differential spectra are presented at 25,
45, 256, 800 and 1600 MeV, and (p, xn) double differential cross sections
are presented at 1600 MeV; however, no comparisons with experimental
data are made for these cases.”

* NEA: Summary and Recommendations for Microscopic
Nuclear Physics Development: Thin target benchmark

Blann: “We feel that there may not be a good theory for predicting yields of
clusters (deuterons and heavier) beyond those which evaporate at
equilibrium. It is therefore premature to try to benchmark codes for this
aspect ...’



Previous benchmark efforts (cont.)
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 Many of the contributors at low incident energies were
semi-classical precompound models



Previous benchmark efforts (cont.)

?l'ml"j', i), F = {6000 MoV, @ 4] T mlllf'..lll.'." £ = 160,00 WeV, 8 148
iMaaE" I J I ' :|||.::-|g?'. ¥ T T T T T T T T
L TR
L 'w‘l-',
l{';z'!" |‘.|
Wiy
Wi Ilﬁ:“" i ';-1 I
I ] L] _“‘\‘
. P L N T . ) ; I I|IIII “t, )
; i" ' “WIII- : ! It". 4
P » mﬂ' o ; o, i\"‘q\
: mwmﬂﬁﬂ“““w@ H et 0§ )
g -1'%’" e, O
: g vt “ 1 . ' C F ooia) LI N
= i . . { *Illlldll H
;.l i 4 s ] ll'l"lllllll:‘l._l‘rv
: ""bg <
' M
l‘JIH'IH.I‘I"'
1 I'i. .
1 '-d-‘ ;
"L 'I
Ll
At
o
A

......

* LAHET physics is very close to MCNPX-Bertih'i-[iresner (x)
« CEM92 has developed to CEM03 (A)
« GEANT3 concerted to GEANT4 (Vv )



Experimental data

Beam . Emission Emission
Bea Emitted :
m Target | Energy articles angles energies Reference
[MeV] P [deg] [MeV]
n Bi 542 p,d,t 54 -164 20-500 J. Franz et al., Nucl. Phys. A 510 (1990) 774
p Al 160 a 20-140 20-160 A. Cowley et al., Phys. Rev. C 54 (1996) 778
3
D = 62 p, d, t, °He, 20-135 5.62 F.E. Bertrand and R.W. Pelle, Phys. Rev. C 8 (1973)
a 1045
Ni 175 p,d,;,dHe, 16-100 2-175 F. Goldenbaum et al., (unpublished)

P o 15-120 20-175 S.V. Fortsch et al., Phys. Rev. C 43 (1991) 691
0 Ta 1200 | PN TE | 30.150 2100 | C.-M. Herbach et al., Nucl. Phys. A 765 (2006) 426
p Au 160 a 20-140 20-160 A. Cowley et al., Phys. Rev. C 54 (1996) 778

p,d,t, 3He ] ] A. Budzanowski et al., Phys. Rev. C 78 (2008)
p Au 1200 a 16-100 2-250 024603

AL 2500 p,d,t, *He 30-150 2-150 A. Letourneau et al., Nucl. Phys. A 712 (2002) 133
P a 16-100 2-150 A. Bubak et al., Phys. Rev. C 76 (2007) 014618
0 Pb 63 P, & LHE T 95,155 5-60 A. Guertin et al., Eur. Phys. J. A 23 (2005) 49
11-30 200-800 R. Chrien et al., Phys. Rev. C 21 (1980) 1014
b | Pb208 1 800 P 5-30 50-800 | J.A. McGill et al., Phys. Rev. C 29 (1984) 204
3

0 Bi 62 p, d, t, °*He, 15-160 5-60 F.E. Bertrand and R.W. Pelle, Phys. Rev. C 8 (1973)

1045




Experimental Data (cont.)
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* Overlap in experimental data sets allows comparison

— Goldenbaum-Frotsch; Chrien-McGill
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Experimental Data (cont.)
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Experimental data (cont.)

* Wishlist:
— Data for medium mass targets at high incident energies

— Data for high mass targets at high energies extending the
emission energy range to higher energies

— Multiplicity data

— Extending the light charged particle list to lithium, boron and
beryllium isotopes

— Light mass targets



Contributing Codes

M odel Abreviation Contributors

Cascade04 cascade04 H. Kumawat

Cascade-ASF Cascadeasf A. Konobeyev

CEMO0302 cem0302 S. Mashnik

CEMO0303 cem0303 A. Gudima

Geant4-Bertini g4bert D. Wright

Geant4-BIC gdbic D. Wright

INCL4.5-ABLAO7 incl45-abla07 J. Cugnon/ A. Boudard/ A. Kelic/ V. Ricciardi/ D. Mancusi
INCL4.5-Gemini incl45-gemini++ J. Cugnon/ A. Boudard/ R. Charity / D. Mancusi
INCL4.5-SMM incl45-smm J. Cugnon/ A. Boudard/ A. Botvina/ D. Mancusi
| sabel-ABLAO7 isabel-abla07 Y.Yariv/A. Kelic/ V. Ricciardi / D. Mancusi

| sabel-Gemini isabel-gemini Y.Yariv/R. Charity / D. Mancusi

| sabel-SMM isabel-smm Y.Yariv/ A. Botvina/ D. Mancus
MCNPX-Bertini-Dresner | mcnpx-bert F. Gallmeier/ W. Lu

PHITS-Bertini phits-bertini N. Matsuda

PHITSjam phits-jam N. Matsuda

PHITS-JQMD phits-jgmd N. Matsuda




Rating Scheme

* Coarse eye-guided rating

- Rated double differential production cross sections in two
energy bands for each angular subset of a set of benchmark

data:
— 1-150 MeV (wished | had split this range into 1-20 and 20-150 MeV)

— Above 150 MeV

* Points earned for achieving an acceptance band around the
experimental values:

Acceptance band [eval/x ; eval*X] Earned points
X=5 1
X=3 2
X=2 3
x=1.4 4




Rating Scheme (cont.)

* Intention to switch to a mathematical approach close to
FOMP

* Hope | can get hold of evaluation scripts used to do the
FOMs



Rating Scheme (cont.)

* Extreme cases
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Rating Scheme (cont.)
* Typical cases
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Bertrand 62 MeV protons on Fe-nat

Bertrand: 62 MeV protons on Fe_nat
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Goldenbaum: 175 MeV protons on Ni-nat

Goldenbaum: 175 MeV protons on Ni_nat
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542 MeV neutrons on Bi

Franz

Franz: 542 MeV neutrons on Bi
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McGill: 800 MeV protons on Pb-208

rating

McGill: 800 MeV protons on Pb-208
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1200 MeV protons on Ta

Herbach

Herbach: 1200 MeV protons on Ta
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Bubak: 2500 MeV protons on Au

Bubak: 2500 MeV protons on Au
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General Findings

* No code is able to predict the benchmark data within a factor of
3 (corresponds to rating 2).

Emitted particle | Code-Data
Averaged rating

protons 2.4
deuterons 1.2
tritons 1.2
He-3 0.9

alpha 1.3




General Findings (cont.)

* 7+ of the codes lack emission of composite particles in
INC phase and are not able to describe the spectra at all

* There is a trend that CASCADE-ASF and CEMO03 codes
perform best under 1 GeV incident and show
weaknesses above

* There is a trend that INCL4.5 codes perform weaker
below 1GeV and improve above 1GeV



Specific Findings: 62 MeV p on Fe-56

p (a2 MeW) - FeS6 — Proton specinm
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Specific Findings: 175 MeV p on Ni-nat
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Specific Findings: 542 MeV n on B

* Incident neutron
energy is a
distribution peaking
at 542 MeV but
extending to 590 MeV

* This may explain the
deviations at high E
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Specific Findings: 1200 MeV p on Ta
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Specific Findings: 1200 MeV p on Ta
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Specific Findings: 2500 MeV p on Au

p 2500 MeV'y — Au — Proton spectman
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