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» Spallation neutron sources
> ADS

» RIB production

» Detection setup simulation

» Radioprotection near accelerators
» Hadrontherapy

» Astrophysics

» Cosmic rays in space
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Necessity for a benchmark

« 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

U

 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...
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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

The Abdus Salam

Joint ICTP-IAEA
Advanced Workshop on
Model Codes for Spallation Reactions

4 - 8 February 2008

(Miramare, Trieste, ialy)

Tha Intsmational Atomic Enargy Agency (IAEA) togethar with the Abdus Salam Intemnational
Cantre for Theoretical Physics (ICTR), will organize an Advanced Workshop on Mode! Codes
for Spallation Reactions which will be hold ot the ICTP. Triesto, laly, from 4 - 8 February
2008

Spatation reschons play an imponanl role n & wide domain of applicabons ranging from
Intense newtron sources for condensed matter and material studis, occolerator-driven sub-
critical reactors for the transmutabon of nuclear waste and rare isotope production to
astrophysics, simulation of detector set-ups in nuclear and paricls physics experiments, and
radiation protection near accelerators or i space. The smulahun tocs used in thesa domains
ane high-anergy transport codes in which fions and of ol
the reaction products are taken from existing emﬁ-nunlal Bbrary data or, when exparimental
dolo are missing, calculpled using nuclnr model codes 85 ovent generalors. THose are
generally Monte-Carlo implementations of Intra-Nuckear Cascade (INC) models o Quanturn
Mokecular Dynamice (QMD) models foliowed by de-gxcitation (orincipally evaporationfiesion)
madels. It s of great importence 1o validate abilies of the vanous codes 1o predict refiadly, with
a known uncetainty, the different quanities relevant for applications

This Workshop will facilitale experts and competent practitioners o better
ungemstand the physical basis. approxdmations, strangths and weaknasses of the currantly used
apallabon codes Presantation of ralevan! basic experimantal dain with emphasis on
accuracies, detecior efficiencies, fllers and Sresholds will creale basss for code validation and
Inter-comparison, Specifically the workshop will help:

* To undorstand in depth. the physics of INC, QMD modals and do-axcitation modols
fo paint out tha reasons of ther respactive successes or deficiencies;
* To define an agreed sat of axparimental data 1o be usad in validation
and nter-comparson of the models,
* To promote the ol i in the field;
* To identify areas of intsmnational c,oopmmm n tha fiald.

The agreed set of experimental data will be proposed as an international benchmark and
revieswed by experts in A follow-up activity

PARTICIPATION: Experls, young sciantists, and Ph.D. sludants from all countries which ane
mambers of (he Unded Nations, UNESCO or IAEA may gttend the advanced workshop, As it
will be conducted in English, participants should have an adequate warking knowledge of this
language Although the main purpese of the cantre s 1o halp research workers from developing
countries, through a programme of training activites within a framewaork. of intemational
cooperation, a limied number of young scienfists, Ph.D. students, and post-doctoral scientists
from developed countries are alss welcome ko attend this Workshop

As a rule, fravel and of the shauld b boma by tha homna
insblubon. Every efforl should be made by candulales 10 secure support for Ui fare (or al
leost holf-fane). Howower, limied funds are available for some panicipants, who are nationals
of, and working in, & developing country. Preference will ba given to qualfed candidates not
more than 45 years cld  Such support is avallable only Tor (hose who allend e enlire actvity
Thare ia no registration foo.

Requests for Participation: The ‘Request for Parbcipation” form s obtanable via Web server
hitp:ffagenda.ictp itsmrphp 71930 It should be complated, signed and retumed by using
only ong of the following ways:

M sanding an application by e-mail to smri930f@ictp. it please save and send fis
attachments in sither POF (preferably) or RTF zipped or DOC format.

W sending an application form by regular mall or courler it should be posted lo:

Joint ICTP-LAEA Advancad Workshop on Model Codes for Spallation Roactions

(smr1930 cio Ms. Patricia Wardeil}

the Abdus Salarm Intemational Centre for Thearetical Physics

Strada Costiera 11

34014 Trieste, Raly {recent photograph & signature of the candidate are compulsary)

ACTMITY SEC“ETMLIT Talaphons: &TS-mﬂv??-m.‘i?ﬁ Tadafax: +39-040-2240585
E-mpd: 511 pil  ICTP Home Page: bt S iclpit’

Trigate, Saptombaer 2007
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Specifications 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*, Ag, ...)

» 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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Specifications

» 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
0-160 Saturne, France S. Leray et al., Phys. Rev. C 65 (2002) 044621 - data | figure | EXFOR
p Fe 800
30 - 150 LANL, USA W.B. Amian et al., Nucl. Sci. Eng. 112 (1992) 78 - 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
0-160 Saturne, France S. Leray et al., Phys. Rev. C 65 (2002) 044621 - data | figure | EXFOR
p Pb 800
30 - 150 LANL, USA W.B. Amian et al., Nucl. Sci. Eng. 112 (1992) 78 - 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., Jilich annual report (2001) - data | figure
p Pb 800, 1200, 1600 | Saturne, France | S. Leray et al., Phys. Rev. C 65 (2002) 044621 - data
o] 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) | vj
P Al 160 o iTHEMBA, South Africa A. Cowley et al., Phys. Rev. C 54 (1996) 778 - data | figure | EXFOR | %
=
[ Fe 62 p, d, t, °*He, a LANL, USA F.E. Bertrand and R.W. Pelle, Phys. Rev. C 8 (1973) 1045 - | data | figures | EXFOR (p - d - t - He - a) | S
p, d, t, °*He, a F. Goldenbaum et al. (unpublished) data | figures \E/
P Ni 175 COSY, Germany ©)
p S.V. Fortsch et al., Phys. Rev. C 43 (1991) 691 - data | figure | EXFOR S
L
[ Ta 1200 p, d, t, °*He, a COSY, Germany C.-M. Herbach et al., Nucl. Phys. A 765 (2006) 426 - data | figure | %
[N
[ Au 160 o iTHEMBA, South Africa A. Cowley et al., Phys. Rev. C 54 (1996) 778 - data | figure | EXFOR | e]
[ Au 1200 p, d, t, °*He, a COSY, Germany A. Budzanowski et al. (to be published) data | figures |
A. Letourneau et al., Nucl. Phys. A 712 (2002) 133 - data | figures
p Au 2500 p,d,t, °*He, a COSY, Germany
A. Bubak et al., Phys. Rev. C 76 (2007) 014618 - data | figures
p Pb 63 p, d, t, °*He, a Louvain-la-Neuve, Belgium | A. Guertin et al., Eur. Phys. J. A 23 (2005) 49 - data | figure | EXFOR (p-d -t-°*He - a
3
R. Chrien et al., Phys. Rev. C 21 (1980) 1014 - data | figure | EXFOR 10 0 2550 75 0 25 50 75 0 2'5 50 75
p Pb 800 p LANL, USA (|\/| eV)
J.A. McGill et al., Phys. Rev. C 29 (1984) 204 - data | figure | EXFOR k|n
P Bi 62 p, d, t, *He, a LANL, USA F.E. Bertrand and R.W. Pelle, Phys. Rev. C 8 (1973) 1045 - | data | figures | EXFOR (p-d -t-°He - a

Pion production

Beam Target Energy [MeV] Emitted particles Laboratory Reference Data

D. R. F. Cochran et al.,

P C 730 m+, T LANL, USA data | figure
Phys. Rev. D 6 (1972) 3085 -

D. R. F. Cochran et al.,

P Al 730 m+, TT- LANL, USA data | figure
Phys. Rev. D 6 (1972) 3085 -

D. R. F. Cochran et al.,

P Cu 730 m+, T LANL, USA data | figure
Phys. Rev. D 6 (1972) 3085 -

& ardn AT +(ub/(MeV sr))

D. R. F. Cochran et al.,

P Pb 730 T+, - LANL, USA data | figure
Phys. Rev. D 6 (1972) 3085 -

T+ (MeV)

P Al 2205 m- 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) i Pidjeci 2002 experiment-simula

Energy

Beam Target MeV] Laboratory Reference Data ‘
R. Michel et al., Nucl. Sci. Tech., Supplement 2 (2002) 242 -
data | figure
K. Ammon, |. Leya et al., Nucl. Instr. and Meth. B 266 (2008) 2 -
. . data | figure
Hannover University,
Germany R. Michel et al., Nucl. Instr. and Meth. B 103 (1995) 183 -;
University of Bern,
P Be 203tolS000) Th. Schiekel, R. Michel et al., Nucl. Instr. and Meth. B 114 data |

Switzerland

(1996) 91 -; figure
ITEP, Russian Federation

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

data | figure

Titarenko (soon, october 20087?)

ITEP, Russian Federation

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

ETH Zurich, Switzerland
p Pb 20 to 3000 M. Giloris et al., Nucl. Instr. and Meth. A463 (2001) 593 - data | figure

Hannover University,

I. Leya et al., Nucl. Instr. and Meth. B229 (2005) 1 - data | figure
Germany
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' i3 F . H s
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Beam Target Energy [A MeV] Laboratory Reference Data S L 1F 1 F 1F b
Fe H 300 GSI, Germany | C. Villagrasa-Canton et al., Phys. Rev. C 75 (2007) 044603 - | data | figure | GSI 0 F—— — — —
Ra 7= Fr ~ R“-"\ Al\
C. Villagrasa-Canton et al., Phys. Rev. C 75 (2007) 044603 - B ST 't IF oy Tf 0
Fe H 1000 GSI, Germany L data | figure | GSI a°F " HE = *3F°" = E. &
P. Napolitani et al., Phys. Rev. C 70 (2004) 054607 - Hef 4 4 F it . - b 1
g ) - by . e . .
Pb H 500 GSI, Germany | L. Audouin et al., Nucl. Phys. A768 (2006) 1 - data | figure | EXFOR “;":‘nms 115 125 19 146105 115 135 195 14105 115 125 135 Me108 115 125 198 14
- - B [P0 s Bi o Pbo Tle,
’ - - - - - L « 2 1 F Y 1F v = 1 F &% k!
Pb H 1000 GSI, Germany | T. Enquvist et al., Nucl. Phys. A686 (2001) 481 data | figure | GSI £ L H 3 (s
o (Y 3 Al =
J. Taieb et al., Nucl. Phys. A 724 (2003) 413 - FEEMERIITER IR
[ = D A F - P |
M. Bernas et al., Nucl. Phys. A765 (2006) 197 - - s i 3 i
u H 1000 GSI, Germany data | figure | GSI 7 TR O VR 10 15 R 5 0 £ G 1
M. Bernas et al., Nucl. Phys. A 725 (2003) 213 - Au A, Pt~ Ir ~,
1 4 F ._,p-.__'» 4 F ", 4 F . -
M. V. Ricciardi et al., Phys. Rev. C 73 (2006) 014607 - ol it FE 1 [ n 1
ol g L Lt

85 95 105 115 12585 95 105 115 12585 95 105 115 12585 95 106 115 12
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Benchmark of Spallation Models

List of participating models

-

-

(O O A O O O e S O O A O O A

CEMO0303 (A. Gudima)

CEMO0302 (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-ABLAO7 (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-ABLAO07 (J. Cugnon/ A. Boudard / A. Kelic / V. Ricciardi / D. Mancusi)
FLUKA* (A. Ferrari) * Request to participate and send results in November

Sylvie Leray (CEA/Saclay) Vienna, October 6, 2009 ]_O



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.

e Sylvie Leray (CEA/Saclay) Vienna, October 6, 2009 11



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

P (800 MeV) + Fe -- Neutron spectrum

10°

= Direct visual comparisons between data
and calculation
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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

Cea Sylvie Leray (CEA/Saclay) Vienna, October 6, 2009 ]_3



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

e Sylvie Leray (CEA/Saclay) Vienna, October 6, 2009 14



Additional information on the calculation
» model ok (0.0 nXNie/N

» 0’r used (normalisation)

> E*, E*IAg, AR, Zg, PR, Jr distributions to enter
de-excitation

» Multiplicities of n, p, m, Icp, IMFs from 1st
stage and de-excitation

evts)

-To understand the reasons for success
or deficiency




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 tie;l‘;lt production and web site M. U. Khandaker (IAEA)
Discussion on result production and All participants
11:05-11:50 b sit
web site Convener: ].C. David (CEA- France)
11:50-12:10 Expect.ed outcome on the physics of Y. Yariv (Soreq - Israel)
spallation models
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)
20.1c. Recent progress in metrology and . ~
14:30-15:00 its statistical foundations R. Michel (ZSR - Germany)
Discussion on Deviation Factors / All participants
15:00-16:00 Fi £ Merit
lgures ot verl Convener: Y. Yariv (Soreq - Israel)
16:00-16:30 Break
Some remarks about the
16:30-16:50 experiments on neutron, LCP, and D. Filges (FZ] - Germany)
pion measurements
16:50-18:00 Results: General trends (Neutron - | All participants Convener: D.

lcp - pion)

Filges (FZ] - Germany)

Sylvie Leray (CEA/Saclay) Vienna, October 6, 2009
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Agenda Wednesday October 7th

Lessons from the former

9:00-9:10 benchmark on spallation residues R.Michel (ZSR - Germany)
9:10-10:30 Results: General trends (Residue All participants
- Excitation function) Convener: D. Filges (FZ] - Germany)
10:30-11:00 Break
11:00-11:30 | The view point of users F. Gallmeier (ORNL, USA)
All participants
11:30-12:00 | Interaction with end-users
Convener: G. Mank (IAEA)
12:00-13:00 Results: Model analysis - All participants
Strategy/Methodology Convener: G.Mank (IAEA)
13:00-14:00 Lunch
All participants
14:00-15:00 | Conclusion & next steps
Convener: S. Leray (CEA)
. All participants
15:00-16:00 Preparation of report and

executive summary

Convener: G.Mank (IAEA)

Sylvie Leray (CEA/Saclay) Vienna, October 6, 2009
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