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Spallation reaction applicationsSpallation reaction applications

Spallation neutron sources
ADS
RIB production
Detection setup simulation
Radioprotection near accelerators
Hadrontherapy
Astrophysics
Cosmic rays in space

MYRRHA
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• Large amount of high quality data collected
Neutron and light charged particle production, isotopic residue

distributions, excitation functions
≈ HINDAS FP5 and EUROTRANS/NUDATRA FP6 projects

• Improvement of nuclear models 
INCL4/ABLA, FLUKA, CEM….
new approaches: QMD models, BUU, VUU….

• Implementation into high-energy transport codes
examples: INCL4/ABLA and CEM into MCNPX, BIC and 

INCL4/ABLA in GEANT4, JQMD in PHITS…

Necessity for a benchmarkNecessity for a benchmark
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Joint ICTP-IAEA Advanced Workshop on Model Codes for 
Spallation Reactions (Trieste, February 2008)

Goals
To bring together experts on 

spallation models
To understand in depth, the 

physics of INC, QMD models and 
de-excitation models

To define an agreed set of 
experimental data to be used for 
the benchmarking of the models

To define the specifications of 
the benchmark
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Specifications of the BenchmarkSpecifications of the Benchmark
Participants should treat the complete reaction

complete reaction description (INC/QMD + De-ex)
Participants should calculate the whole mandatory set of 
experimental data

+ additional set if they have enough time
Participants should give a comprehensive description of 
ingredients and parameters

list of the main ingredients and parameters
additional information requested (E*, AR, …)

Calculations with one model should be done with the 
same set (default) parameters 

predictive power
Participants should give the source code
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SpecificationsSpecifications
Domain: N + A, 20 MeV to 3 GeV, A >11

why 20 MeV?
20-150 MeV libraries not available for all isotopes
for residue production below 150 MeV
to calculate correlations between particles

Set of data to be used for the benchmark
All reaction channels 
Mandatory data set : restriction to a limited number 

of systems (mainly Fe and Pb), a few energies 
covering the full range
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Neutron production  
Double-differential Cross Sections  

Beam  Target  Energy [MeV]  Angles [degrees]  Laboratory  Reference  Data  

n  Fe  65  9.5 - 28  Univ. California, USA E. L. Hjort et al., Phys. Rev. C 53 (1996) 237 -  data | figure | EXFOR 

p  Fe  800  
0 - 160  

30 - 150  

Saturne, France  

LANL, USA  

S. Leray et al., Phys. Rev. C 65 (2002) 044621 -  

W.B. Amian et al., Nucl. Sci. Eng. 112 (1992) 78 -  

data | figure | EXFOR 

data | figure | EXFOR 

p  Fe  1200  0 - 160  Saturne, France  S. Leray et al., Phys. Rev. C 65 (2002) 044621 -  data | figure | EXFOR 

p  Fe  1600  0 - 160  Saturne, France  S. Leray et al., Phys. Rev. C 65 (2002) 044621 -  data | figure | EXFOR 

p  Fe  3000  15 - 150  KEK, Japan  K. Ishibashi et al., J. of Nucl. Sci. Tech. 34 (1997) 529 - data | figure | EXFOR 

p  Pb  63  24 - 140  Louvain, Belgium  A. Guertin et al., Eur. Phys. J. A23 (2005) 49 -  data | figure | EXFOR 

p  Pb  256  8 - 150  LANL, USA  M. Meier et al., Nucl. Sci. Eng. 110 (1993) 289  data | figure | EXFOR 

p  Pb  800  
0 - 160  

30 - 150  

Saturne, France  

LANL, USA  

S. Leray et al., Phys. Rev. C 65 (2002) 044621 -  

W.B. Amian et al., Nucl. Sci. Eng. 112 (1992) 78 -  

data | figure | EXFOR 

data | figure | EXFOR 

p  Pb  1200  0 - 160  Saturne, France  S. Leray et al., Phys. Rev. C 65 (2002) 044621 -  data | figure | EXFOR 

p  Pb  1600  0 - 160  Saturne, France  S. Leray et al., Phys. Rev. C 65 (2002) 044621 -  data | figure | EXFOR 

p  Pb  3000  15 - 150  KEK, Japan  K. Ishibashi et al., J. of Nucl. Sci. Tech. 34 (1997) 529 - data | figure | EXFOR 

Multiplicity Distributions  
Beam  Target  Energy [MeV]  Laboratory  Reference  Data  

p  Fe  800, 1200, 1600  Saturne, France  S. Leray et al., Phys. Rev. C 65 (2002) 044621 -  data  

p  Fe  1200  COSY, Germany C.-M. Herbach et al., Jülich annual report (2001) -  data | figure 

p  Pb  800, 1200, 1600  Saturne, France  S. Leray et al., Phys. Rev. C 65 (2002) 044621 -  data  

p  Pb  1200  COSY, Germany A. Letourneau et al., Nucl. Inst. Meth. B 170 (2000) 299 - data | figure 
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Light charged particle production  
Double-differential Cross Section  
Beam  Target  Energy [MeV]  Emitted particles  Laboratory  Reference  Data  

n  Bi  542  p, d, t  PSI, Switzerland  J. Franz et al., Nucl. Phys. A 510 (1990) 774 -  data | figure | EXFOR (p - d - t)  

p  Al  160  α  iTHEMBA, South Africa  A. Cowley et al., Phys. Rev. C 54 (1996) 778 -  data | figure | EXFOR  

p  Fe  62  p, d, t, 3He, α  LANL, USA  F.E. Bertrand and R.W. Pelle, Phys. Rev. C 8 (1973) 1045 -  data | figures | EXFOR (p - d - t - 3He - α) 

p  Ni  175  

p, d, t, 3He, α  

p  
COSY, Germany  

F. Goldenbaum et al. (unpublished)  

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

data | figures  

data | figure | EXFOR  

p  Ta  1200  p, d, t, 3He, α  COSY, Germany  C.-M. Herbach et al., Nucl. Phys. A 765 (2006) 426 -  data | figure  

p  Au  160  α  iTHEMBA, South Africa  A. Cowley et al., Phys. Rev. C 54 (1996) 778 -  data | figure | EXFOR  

p  Au  1200  p, d, t, 3He, α  COSY, Germany  A. Budzanowski et al. (to be published)  data | figures  

p  Au  2500  p, d, t, 3He, α  COSY, Germany  

A. Letourneau et al., Nucl. Phys. A 712 (2002) 133 -  

A. Bubak et al., Phys. Rev. C 76 (2007) 014618 -  

data | figures  

data | figures  

p  Pb  63  p, d, t, 3He, α  Louvain-la-Neuve, Belgium  A. Guertin et al., Eur. Phys. J. A 23 (2005) 49 -  data | figure | EXFOR (p - d - t - 3He - α  

p  Pb  800  p  LANL, USA  

R. Chrien et al., Phys. Rev. C 21 (1980) 1014 -  

J.A. McGill et al., Phys. Rev. C 29 (1984) 204 -  

data | figure | EXFOR  

data | figure | EXFOR  

p  Bi  62  p, d, t, 3He, α  LANL, USA  F.E. Bertrand and R.W. Pelle, Phys. Rev. C 8 (1973) 1045 -  data | figures | EXFOR (p - d - t - 3He - α  

 Pion production  
Beam  Target  Energy [MeV]  Emitted particles  Laboratory Reference  Data  

p  C  730  π+, π-  LANL, USA  
D. R. F. Cochran et al.,  

Phys. Rev. D 6 (1972) 3085 -  
data | figure 

p  Al  730  π+, π-  LANL, USA  
D. R. F. Cochran et al.,  

Phys. Rev. D 6 (1972) 3085 -  
data | figure 

p  Cu  730  π+, π-  LANL, USA  
D. R. F. Cochran et al.,  

Phys. Rev. D 6 (1972) 3085 -  
data | figure 

p  Pb  730  π+, π-  LANL, USA  
D. R. F. Cochran et al.,  

Phys. Rev. D 6 (1972) 3085 -  
data | figure 

p  Al  2205  π-  KEK, Japan H. En'yo et al., Phys. Lett. 159B (1985) 1 -  data | figure 
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Production cross-sections from threshold to 3 GeV (excitation functions)  

Beam  Target  Energy 
[MeV]  Laboratory  Reference  Data  

p  Fe  20 to 3000  

Hannover University, 
Germany  

University of Bern, 

Switzerland  

ITEP, Russian Federation  

R. Michel et al., Nucl. Sci. Tech., Supplement 2 (2002) 242 -  

K. Ammon, I. Leya et al., Nucl. Instr. and Meth. B 266 (2008) 2 -  

 R. Michel et al., Nucl. Instr. and Meth. B 103 (1995) 183 -;  

 Th. Schiekel, R. Michel et al., Nucl. Instr. and Meth. B 114 

(1996) 91 -;  

 R. Michel et al., Nucl. Instr. and Meth. B 129 (1997) 153 -  

Titarenko (soon, october 2008?)  

data | figure  

data | figure  

 

 data | 

figure  

 

data | figure  

p  Pb  20 to 3000  

ITEP, Russian Federation  

ETH Zürich, Switzerland  

Hannover University, 

Germany  

Y. E. Titarenko et al., Nucl. Instr. and Meth. A562 (2006) 801 -  

M. Gloris et al., Nucl. Instr. and Meth. A463 (2001) 593 -  

I. Leya et al., Nucl. Instr. and Meth. B229 (2005) 1 -  

data | figure  

data | figure  

data | figure  

 

Isotopic distribution cross-sections in inverse kinematics  
Beam  Target  Energy [A MeV]  Laboratory  Reference  Data  

Fe  H  300  GSI, Germany  C. Villagrasa-Canton et al., Phys. Rev. C 75 (2007) 044603 -  data | figure | GSI  

Fe  H  1000  GSI, Germany  
C. Villagrasa-Canton et al., Phys. Rev. C 75 (2007) 044603 -  

P. Napolitani et al., Phys. Rev. C 70 (2004) 054607 -  
data | figure | GSI  

Pb  H  500  GSI, Germany  L. Audouin et al., Nucl. Phys. A768 (2006) 1 -  data | figure | EXFOR 

Pb  H  1000  GSI, Germany  T. Enqvist et al., Nucl. Phys. A686 (2001) 481 -  data | figure | GSI  

U  H  1000  GSI, Germany  

J. Taieb et al., Nucl. Phys. A 724 (2003) 413 -  

M. Bernas et 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 -  

data | figure | GSI  
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List of participating models
CEM0303 (A. Gudima) 
CEM0302 (S. Mashnik) 
PHITS-jam (N. Matsuda)
PHITS-Bertini (N. Matsuda) 
PHITS-JQMD (N. Matsuda) 
Cascade04 (H. Kumawat) 
Isabel-SMM (Y.Yariv / A. Botvina / D. Mancusi)
Isabel-Gemini (Y.Yariv / R. Charity / D. Mancusi) 
Isabel-ABLA07 (Y.Yariv / A. Kelic / V. Ricciardi / D. Mancusi) 
Geant4-Bertini (D. Wright) 
Geant4-BIC (D. Wright) 
Cascade-ASF  (A. Konobeyev)
CASCADEX (Y. Korovin)
INCL4.5-SMM (J. Cugnon / A. Boudard / A. Botvina / D. Mancusi)
INCL4.5-Gemini (J. Cugnon / A. Boudard / R. Charity / D. Mancusi) 
INCL4.5-ABLA07 (J. Cugnon / A. Boudard / A. Kelic / V. Ricciardi / D. Mancusi)
FLUKA* (A. Ferrari) * Request to participate and send results in November

Benchmark of Spallation Models
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Benchmark of Spallation Models

Objectives
To assess the prediction capabilities of the spallation

models used or that could be used in the future in high-
energy transport codes

To understand the reason for the success or deficiency 
of the models in the different mass and energy regions or 
for the different exit channels

To reach a consensus, if possible, on some of the 
physics ingredients that should be used in the models.
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Benchmark of Spallation Models

Objectives
To assess the prediction capabilities of the spallation models used or 

that could be used in the future in high-energy transport codes

Direct visual comparisons between data 
and calculation

Figures-of-Merit / deviation factors
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Benchmark of Spallation Models

Objectives
To assess the prediction capabilities of the spallation

models used or that could be used in the future in high-
energy transport codes

not to define “the best” model but for each observable, 
for different energy or mass range,  give recommendations 
to use one model rather than another one

Report for end of November
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Benchmark of Spallation Models

Objectives
To understand the reason for the success or deficiency 

of the models in the different mass and energy regions or 
for the different exit channels

To reach a consensus, if possible, on some of the 
physics ingredients that should be used in the models.

Analysis of additional information, discussion with 
model authors

Second Meeting in February 2010 
Presentation of the conclusions at ND2010
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AdditionalAdditional information on the calculationinformation on the calculation
model σR (σgeomxNinel/Nevts) 
σ’R used (normalisation)
E*, E*/AR, AR, ZR, PR, JR distributions to enter 

de-excitation
Multiplicities of n, p, π, lcp, IMFs from 1st 

stage and de-excitation

To understand the reasons for success 
or deficiency
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Benchmark of Spallation Models

Possible continuation ?
A “dynamical” continuous benchmark so that end-users 

of spallation models in transport codes have up-to-date 
information

new versions of the models / new models compared to 
the benchmark set of data added on the website

new experimental data : ask authors to do additional 
calculations or do calculations with the version of the code 
given by the authors
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Agenda Tuesday October 6th
9:00‐9:15 Welcome G. Mank (IAEA) 

9:15‐9:45 Recall of benchmark objectives S. Leray (CEA – France)

9:45‐10:15 Technical aspects J.‐C. David (CEA – France)
10:15‐10:35 Break

10:35‐11:05 Result production and web site 
tools M. U. Khandaker (IAEA)

11:05‐11:50 Discussion on result production and 
web site

All participants 

Convener: J.C. David (CEA‐ France)

11:50‐12:10 Expected outcome on the physics of 
spallation models Y. Yariv (Soreq – Israel)

12:10‐12:30 Processing of benchmark data J. Yoo (KAERI, Korea)
12:30‐14:00 Lunch
14:00‐14:30 Deviation factors A. Konobeev (FZK – Germany)

14:30‐15:00 Recent progress in metrology and 
its statistical foundations R. Michel (ZSR – Germany)

15:00‐16:00 Discussion on Deviation Factors / 
Figures of Merit

All participants

Convener: Y. Yariv (Soreq – Israel)

16:00‐16:30 Break

16:30‐16:50
Some remarks about the 
experiments on neutron, LCP, and 
pion measurements

D. Filges (FZJ – Germany)

16:50‐18:00 Results: General trends (Neutron –
lcp – pion)

All participants                              Convener: D. 
Filges (FZJ – Germany)
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Agenda Wednesday October 7th

9:00‐9:10 Lessons from the former 
benchmark on spallation residues R. Michel (ZSR – Germany)

9:10‐10:30 Results: General trends (Residue 
– Excitation function)

All participants                          

Convener: D. Filges (FZJ – Germany)
10:30‐11:00 Break
11:00‐11:30 The view point of users F. Gallmeier (ORNL, USA)

11:30‐12:00 Interaction with end‐users
All participants 

Convener: G. Mank (IAEA)

12:00‐13:00 Results: Model analysis ‐
Strategy/Methodology

All participants

Convener: G.Mank (IAEA)

13:00‐14:00 Lunch

14:00‐15:00 Conclusion & next steps
All participants 

Convener: S. Leray (CEA)

15:00‐16:00 Preparation of report and 
executive summary

All participants

Convener: G.Mank (IAEA)
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