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What you can learn/haveWhat you can learn/have

�� :KDW�DUH�WKH�LPSOHPHQWDWLRQ�IUDPHZRUNV�IRU�:KDW�DUH�WKH�LPSOHPHQWDWLRQ�IUDPHZRUNV�IRU�
KDGURQLF�VKRZHU�VLPXODWLRQ�LQ�JHDQW���DQG�KDGURQLF�VKRZHU�VLPXODWLRQ�LQ�JHDQW���DQG�
KRZ�WR�XVH�WKHP�WR�EXLOG�D�SK\VLFV�OLVWKRZ�WR�XVH�WKHP�WR�EXLOG�D�SK\VLFV�OLVW

�� :KDW�DUH�WKH�DFWLYLWLHV�DQG�LPSOHPHQWDWLRQV�:KDW�DUH�WKH�DFWLYLWLHV�DQG�LPSOHPHQWDWLRQV�
H[LVWLQJH[LVWLQJ

�� +RZ�GR�ZH�YDOLGDWH�YHULI\�WKH�SK\VLFV+RZ�GR�ZH�YDOLGDWH�YHULI\�WKH�SK\VLFV
�� $�VKRZ�RI�VOLGHV�RI�YHULILFDWLRQ�YDOLGDWLRQ�$�VKRZ�RI�VOLGHV�RI�YHULILFDWLRQ�YDOLGDWLRQ�
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7KH�LPSOHPHQWDWLRQ�7KH�LPSOHPHQWDWLRQ�
IUDPHZRUNV�DQG�WKHLU�XVH�IUDPHZRUNV�DQG�WKHLU�XVH�

LQ�WKH�SK\VLFV�OLVWVLQ�WKH�SK\VLFV�OLVWV
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Principal considerations:Principal considerations:
�� )UDPHZRUN�IXQFWLRQDO�UHTXLUHPHQWV�DUH�REWDLQHG�)UDPHZRUN�IXQFWLRQDO�UHTXLUHPHQWV�DUH�REWDLQHG�
WKURXJK�XVHWKURXJK�XVH��FDVH�DQDO\VLVFDVH�DQDO\VLV

�� )UDPHZRUN�FRPSRQHQWV�DUH�IRXQG�E\�JURXSLQJ�)UDPHZRUN�FRPSRQHQWV�DUH�IRXQG�E\�JURXSLQJ�
XVHXVH��FDVHV�LQWR�LQGHSHQGHQW�FDVHV�LQWR�LQGHSHQGHQW�EXQGHOV�EXQGHOV��FRKHVLRQ��FRKHVLRQ�

�� &RPSOH[�SUREOHPV�UHTXLUH�VWUXFWXUHG�VROXWLRQV&RPSOH[�SUREOHPV�UHTXLUH�VWUXFWXUHG�VROXWLRQV
�� .HHS�DEVWUDFWLRQV�JHQHUDO�DQG�LPSOHPHQW�LQ�.HHS�DEVWUDFWLRQV�JHQHUDO�DQG�LPSOHPHQW�LQ�
IUDPHZRUN�LQWHUIDFHVIUDPHZRUN�LQWHUIDFHV

�� $GGUHVV�PRUH�VSHFLILF�XVH$GGUHVV�PRUH�VSHFLILF�XVH��FDVHV�LQ�VSHFLDOL]HG�IUDPHFDVHV�LQ�VSHFLDOL]HG�IUDPH��
ZRUNV��WKDW�DUH�LPSOHPHQWLQJ�WKH�LQWHUIDFHV�RI�WKH�ZRUNV��WKDW�DUH�LPSOHPHQWLQJ�WKH�LQWHUIDFHV�RI�WKH�
PRUH�JHQHUDO�IUDPHZRUNVPRUH�JHQHUDO�IUDPHZRUNV

�� 5HSHDW�WKH�SDWWHUQ�XQWLO�DOO�XVH5HSHDW�WKH�SDWWHUQ�XQWLO�DOO�XVH��FDVHV�DUH�FRYHUHGFDVHV�DUH�FRYHUHG
  !�7KH�  !�7KH�5XVVLDQ�GROOV5XVVLDQ�GROOV DSSURDFK�WR�IUDPHZRUN�DSSURDFK�WR�IUDPHZRUN�
GHVLJQGHVLJQ
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Level 1 framework requirementLevel 1 framework requirement

�� 3URYLGH�WKH�IOH[LELOLW\�WR�DOORZ�IRU�3URYLGH�WKH�IOH[LELOLW\�WR�DOORZ�IRU�
FDOFXODWLRQ�RI�FURVVFDOFXODWLRQ�RI�FURVV��VHFWLRQV�DQG�ILQDO�VHFWLRQV�DQG�ILQDO�
VWDWHV�IRU�SDUWLFOHV�LQ�IOLJKW�DQG�DW�UHVW�VWDWHV�IRU�SDUWLFOHV�LQ�IOLJKW�DQG�DW�UHVW�
LQ�D�PHGLXP�LQ�D�PHGLXP�
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ImplementationImplementation

�� ,QHODVWLF�SURFHVV�FODVVHV�DUH�DYDLODEOH�,QHODVWLF�SURFHVV�FODVVHV�DUH�DYDLODEOH�
IRU�IRU�α, α, DQWLDQWL ΛΛ��DQWL�Q��DQWL���DQWL�Q��DQWL�ΩΩ��DQWL�S��DQWL���DQWL�S��DQWL�
ΣΣ����DQWL���DQWL�ΣΣ���DQWL����DQWL�ΞΞ����DQWL���DQWL�ΞΞ���GHXWHURQ�����GHXWHURQ��
HOHFWURQ��LRQ��.HOHFWURQ��LRQ��.����.����.�� .O.O��.V����.V��ΛΛ��Q����Q��ΩΩ��S����S��
γγ����ππ−−����π+π+��H�����H���ΣΣ−−����Σ+Σ+��WULWRQ����WULWRQ��ΞΞ������ΞΞ����

�� 7KHUH�DOVR�DUH�SURFHVV�FODVVHV�IRU�7KHUH�DOVR�DUH�SURFHVV�FODVVHV�IRU�
FDSWXUH�RI�QHXWUDO�KDGURQV��ILVVLRQ��DQG�FDSWXUH�RI�QHXWUDO�KDGURQV��ILVVLRQ��DQG�
FRKHUHQW�HODVWLF�VFDWWHULQJ�FRKHUHQW�HODVWLF�VFDWWHULQJ�
�� 6HH�JHDQW��VRXUFH�SURFHVVHV�KDGURQLF�SURFHVVHV6HH�JHDQW��VRXUFH�SURFHVVHV�KDGURQLF�SURFHVVHV
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How to use it in the physics list?How to use it in the physics list?

�� G4ParticleDefiniton * G4ParticleDefiniton * theNeutrontheNeutron = = 
G4Neutron::G4Neutron::NeutronDefinitionNeutronDefinition();();

�� G4ProcessManager * G4ProcessManager * theMan theMan = = 
theNeutrontheNeutron-->>GetProcessManagerGetProcessManager();();

�� G4NeutronInelasticProcess * G4NeutronInelasticProcess * theProthePro = new = new 
G4NeutronInelasticProcess(“G4NeutronInelasticProcess(“inelastinelast”);”);

�� theMantheMan-->>AddDiscreteProcessAddDiscreteProcess((theProthePro););
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level 2 framework requirementslevel 2 framework requirements

�� )OH[LEOH�FKRLFH�RI�LQFOXVLYH�VFDWWHULQJ�FURVV)OH[LEOH�FKRLFH�RI�LQFOXVLYH�VFDWWHULQJ�FURVV��VHFWLRQVVHFWLRQV
�� 3RVVLELOLW\�WR�XVH�GLIIHUHQW�GDWD3RVVLELOLW\�WR�XVH�GLIIHUHQW�GDWD��VHWV�IRU�GLIIHUHQW�SDUWV�VHWV�IRU�GLIIHUHQW�SDUWV�
RI�WKH�GHWHFWRURI�WKH�GHWHFWRU

�� 5XQ�JHDQW��DJDLQVW�XVHU�GHILQHG�FURVV5XQ�JHDQW��DJDLQVW�XVHU�GHILQHG�FURVV��VHFWLRQ�GDWD�LQ�D�VHFWLRQ�GDWD�LQ�D�
VHDPOHVV�PDQQHUVHDPOHVV�PDQQHU

�� 6HH�JHDQW��VRXUFH�SURFHVVHV�KDGURQLF�FURVVBVHFWLRQV6HH�JHDQW��VRXUFH�SURFHVVHV�KDGURQLF�FURVVBVHFWLRQV

�� )OH[LEOH�FKRLFH�RI�ILQDO�VWDWH�SURGXFWLRQ�FRGH�)OH[LEOH�FKRLFH�RI�ILQDO�VWDWH�SURGXFWLRQ�FRGH�
�� $ELOLW\�WR�XVH�GLIIHUHQW�FRGHV�LQ�RQH�UXQ��GHSHQGLQJ�RQ�$ELOLW\�WR�XVH�GLIIHUHQW�FRGHV�LQ�RQH�UXQ��GHSHQGLQJ�RQ�
WKH�FRQGLWLRQV�DW�WKH�SRLQW�RI�LQWHUDFWLRQWKH�FRQGLWLRQV�DW�WKH�SRLQW�RI�LQWHUDFWLRQ

�� $ELOLW\�WR�XVH�XVHU$ELOLW\�WR�XVH�XVHU��GHILQHG�PRGHOV�LQ�D�VHDPOHVV�GHILQHG�PRGHOV�LQ�D�VHDPOHVV�
PDQQHUPDQQHU

�� 6HH�JHDQW��VRXUFH�SURFHVVHV�KDGURQLF�PRGHOV6HH�JHDQW��VRXUFH�SURFHVVHV�KDGURQLF�PRGHOV
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level 2 framework requirementslevel 2 framework requirements

�� Flexible choice of isotope production codes, to run Flexible choice of isotope production codes, to run 
parasitically to any kind of transport codesparasitically to any kind of transport codes

�� Ability to use different codes in one run, depending on the Ability to use different codes in one run, depending on the 
conditions at the point of interactionconditions at the point of interaction

�� Ability to use userAbility to use user--defined isotope production codesdefined isotope production codes
�� See geant4/source/processes/hadronic/models/isotope_productionSee geant4/source/processes/hadronic/models/isotope_production

���7KLV�JURXSLQJ�RI�UHTXLUHPHQWV�DFFRUGLQJ�WR����7KLV�JURXSLQJ�RI�UHTXLUHPHQWV�DFFRUGLQJ�WR�
UHODWHG�XVHUHODWHG�XVH��FDVHV�UHVXOWV�TXLWH�QDWXUDOO\�LQ�FDVHV�UHVXOWV�TXLWH�QDWXUDOO\�LQ�
WKUHH�DOPRVW�LQGHSHQGHQW�IUDPHZRUN�WKUHH�DOPRVW�LQGHSHQGHQW�IUDPHZRUN�
FRPSRQHQWV�DW�WKH�VDPH�OHYHO�RI�DEVWUDFWLRQ�FRPSRQHQWV�DW�WKH�VDPH�OHYHO�RI�DEVWUDFWLRQ�
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Example: The neutron transport Example: The neutron transport 
modelsmodels

�� Simulate the crossSimulate the cross--sections and interactions of sections and interactions of 
neutrons with kinetic energies below 20 neutrons with kinetic energies below 20 MeV MeV down down 
to thermal energies .to thermal energies .

�� The upper limit is set only by the evaluated data The upper limit is set only by the evaluated data 
libraries the code is based on.libraries the code is based on.

�� We consider elastic scattering, fission, capture and We consider elastic scattering, fission, capture and 
inelastic scattering as separate modelsinelastic scattering as separate models

�� Neutron_hp sampling codes for the ENDF/BNeutron_hp sampling codes for the ENDF/B--VI VI 
derived data formats are completely generic derived data formats are completely generic (not including (not including 
general Rgeneral R--matrix for the time being)matrix for the time being)

�� Note that for fission there is a quite competitive theory drivenNote that for fission there is a quite competitive theory driven alternative model, alternative model, 
G4ParaFissionModel.G4ParaFissionModel.
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Relevant classesRelevant classes

�� For crossFor cross--sections:sections:
�� G4NeutronHPElasticDataG4NeutronHPElasticData
�� G4NeutronHPInelasticDataG4NeutronHPInelasticData
�� G4NeutronHPCapureDataG4NeutronHPCapureData
�� G4NeutronHPFissionDataG4NeutronHPFissionData

�� Final state production:Final state production:
�� G4NeutronHPCaptureG4NeutronHPCapture
�� G4NeutronHPElasticG4NeutronHPElastic
�� G4NeutronHPFissionG4NeutronHPFission
�� G4NeutronHPInelasticG4NeutronHPInelastic

�� See geant4/source/processes/hadronic/models/neutron_hpSee geant4/source/processes/hadronic/models/neutron_hp
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How to register in the physics list?How to register in the physics list?

�� CrossCross--sections:sections:
�� G4NeutronInelasticProcess G4NeutronInelasticProcess aProcessaProcess;;
�� G4NeutronHPInelasticData G4NeutronHPInelasticData theDatatheData;;
�� aProcessaProcess..GetCrossSectionDataStoreGetCrossSectionDataStore()()-->>AddDataSetAddDataSet(&(&theDatatheData););

�� FILO stack of crossFILO stack of cross--sections!sections!

�� Final state production:Final state production:
�� G4NeutronHPInelastic G4NeutronHPInelastic theModeltheModel;;
�� aProcessaProcess..RegisterMeRegisterMe(&(&theModeltheModel););
�� Change energy range and/or validity for individual and Change energy range and/or validity for individual and 

all materials and elements as you deem right for your all materials and elements as you deem right for your 
case.case.
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The data The data -- G4NDLG4NDL

�� Based on evaluated data libraries Based on evaluated data libraries 
�� ENDF,ENDF, JefJef, EFF, JENDL, FENDL, CENDL, ENSDF, , EFF, JENDL, FENDL, CENDL, ENSDF, 

BrondBrond, and MENDL., and MENDL.
�� We use the UNIX fileWe use the UNIX file--system to ensure granular and system to ensure granular and 

transparent access/usage of data sets, as well as tailoring by transparent access/usage of data sets, as well as tailoring by 
the user.the user.

�� Two variants exist:Two variants exist:
�� G4NDL3.7 G4NDL3.7 -- includes thermal includes thermal resonancesresonances..
�� G4NDL0.2 G4NDL0.2 -- excludes thermalexcludes thermal resonancesresonances..
�� Tailoring these data is easy, but requires expertise.Tailoring these data is easy, but requires expertise.

�� Not to forget:Not to forget:
�� setenv NeutronHPCrossSections setenv NeutronHPCrossSections environmental variable to environmental variable to 

point to your copy of G4NDL.point to your copy of G4NDL.
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No details on the mathematics...No details on the mathematics...

�� For the mathematics, in this particular For the mathematics, in this particular 
contest, the ENDF/B data formats contest, the ENDF/B data formats 
documentation is an excellent source of documentation is an excellent source of 
information...information...

�� Important note: Doppler broadening is done Important note: Doppler broadening is done 
on the fly, so there is no need for preon the fly, so there is no need for pre--
processing the 0K data.processing the 0K data.
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Isotope production modelsIsotope production models

�� Aimed at activation studies.Aimed at activation studies.

�� Cover primary neutron energies from the Cover primary neutron energies from the 
spallation spallation energy range down to thermal energies.energy range down to thermal energies.

�� Cover the scattering of neutrons and protons off Cover the scattering of neutrons and protons off 
nuclei.nuclei.

�� Run in parasitic mode to any combination of Run in parasitic mode to any combination of 
hadronic shower models in geant4, in any sethadronic shower models in geant4, in any set--up.up.
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Detailed requirementsDetailed requirements

�� ISOISO--01: There shall be detailed isotope production for 01: There shall be detailed isotope production for 
incident neutrons and protonsincident neutrons and protons

�� ISOISO--02: There shall be information available on which 02: There shall be information available on which 
model produced the isotopemodel produced the isotope

�� ISOISO--03: There shall be information available on what was 03: There shall be information available on what was 
the targetthe target

�� ISOISO--04: There shall be information available on energy 04: There shall be information available on energy 
and direction of the projectileand direction of the projectile

�� ISOISO--05: There shall be information available on time and 05: There shall be information available on time and 
location of productionlocation of production
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How to register?How to register?

�� Isotope production models:Isotope production models:
�� G4NeutronInelasticProcess G4NeutronInelasticProcess aProcessaProcess;;

�� G4NeutronIsotopeProduction G4NeutronIsotopeProduction theProthePro;;

�� aProcessaProcess..RegisterIsotopeProductionModelRegisterIsotopeProductionModel(&(&theProthePro););

�� Enable/disable for individual processes or globally, as Enable/disable for individual processes or globally, as 
you deem good for your application.you deem good for your application.
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Data: G4NDL0.2, 3.7Data: G4NDL0.2, 3.7

�� Are granular selections of data from (alphabetic)Are granular selections of data from (alphabetic)
�� Brond Brond 2.12.1
�� CENDL 2.2CENDL 2.2
�� EFFEFF--33
�� ENDF/B (VI.0, VI.1, VI.5)ENDF/B (VI.0, VI.1, VI.5)
�� ENSDFENSDF
�� FENDL/E2.0FENDL/E2.0
�� JEF 2.2JEF 2.2
�� JENDL (3.1, 3.2, FF)JENDL (3.1, 3.2, FF)
�� MENDLMENDL--2(P)2(P)

�� Large parts of the selection is guided by the Large parts of the selection is guided by the 
FENDLFENDL--2 selection2 selection
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“ High energy”  cross“ High energy”  cross--sectionssections

�� Data for total neutron interaction crossData for total neutron interaction cross--sections sections 
supplemented with parameterization of reaction supplemented with parameterization of reaction 
crosscross--sections above 20 sections above 20 MeVMeV kinetic energy.kinetic energy.

�� Energy dependence of total neutron nuclear Energy dependence of total neutron nuclear 
scattering crossscattering cross--section assumed to be the same as section assumed to be the same as 
that of the neutron nuclear reaction crossthat of the neutron nuclear reaction cross--section.section.

�� Please see G4NeutronInelasticCrossSection (and Please see G4NeutronInelasticCrossSection (and 
G4ProtonInelasticCrossSection) classG4ProtonInelasticCrossSection) class

)]/11(1)[ln()( 3/1
2

3/12
1 ApANpEF nreac −−+= πσ
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3rd level framework requirements3rd level framework requirements

�� )RU�GDWD�GULYHQ�PRGHOV)RU�GDWD�GULYHQ�PRGHOV
�� 3RVVLELOLW\�WR�FKDQJH�WKH�GDWD�XVHG�E\�WKH�PRGHOV�LQ�D�3RVVLELOLW\�WR�FKDQJH�WKH�GDWD�XVHG�E\�WKH�PRGHOV�LQ�D�
VHDPOHVV�PDQQHU��VHDPOHVV�PDQQHU��

�� )RU�WKHRU\�GULYHQ�PRGHOV)RU�WKHRU\�GULYHQ�PRGHOV
�� $OORZ�WR�XVH�DQ\�VWULQJ$OORZ�WR�XVH�DQ\�VWULQJ��SDUWRQ�RU�SDUWRQSDUWRQ�RU�SDUWRQ��FDVFDGH�PRGHOFDVFDGH�PRGHO
�� $OORZ�WR�XVH�HYHQW�JHQHUDWRUV�IRU�ILQDO�VWDWH�JHQHUDWLRQ$OORZ�WR�XVH�HYHQW�JHQHUDWRUV�IRU�ILQDO�VWDWH�JHQHUDWLRQ
�� $OORZ�IRU�FRPELQDWLRQ�ZLWK�DQ\�LQWUD$OORZ�IRU�FRPELQDWLRQ�ZLWK�DQ\�LQWUD��QXFOHDU�WUDQVSRUWQXFOHDU�WUDQVSRUW
�� $OORZ�VWDQG$OORZ�VWDQG��DORQH�XVH�RI�DQ\�LQWUDDORQH�XVH�RI�DQ\�LQWUD��QXFOHDU�WUDQVSRUWQXFOHDU�WUDQVSRUW
�� $OORZ�IRU�FRPELQDWLRQ�ZLWK�DQ\�SUH$OORZ�IRU�FRPELQDWLRQ�ZLWK�DQ\�SUH��FRPSRXQG�PRGHOFRPSRXQG�PRGHO
�� $OORZ�VWDQG$OORZ�VWDQG��DORQH�XVH�RI�DQ\�SUHDORQH�XVH�RI�DQ\�SUH��FRPSRXQG�PRGHOFRPSRXQG�PRGHO
�� $OORZ�IRU�XVH�RI�DQ\�HYDSRUDWLRQ�FRGH$OORZ�IRU�XVH�RI�DQ\�HYDSRUDWLRQ�FRGH
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Level 3 framework designLevel 3 framework design

�� 7KH�UHTXLUHPHQW�RQ�GDWD�GULYHQ�PRGHOV�7KH�UHTXLUHPHQW�RQ�GDWD�GULYHQ�PRGHOV�
LV�IXOILOOHG�E\�XVLQJ�VWDQGDUG�GDWD�LV�IXOILOOHG�E\�XVLQJ�VWDQGDUG�GDWD�
IRUPDWVIRUPDWV
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4th level framework requirements4th level framework requirements

�� )RU�VWULQJ)RU�VWULQJ��SDUWRQ�PRGHOVSDUWRQ�PRGHOV
�� %H�DEOH�WR�FKRRVH�VWULQJ�GHFD\�DOJRULWKP��DQG�%H�DEOH�WR�FKRRVH�VWULQJ�GHFD\�DOJRULWKP��DQG�
VWULQJ�H[FLWDWLRQVWULQJ�H[FLWDWLRQ

�� %H�DEOH�WR�XVH�XVHU%H�DEOH�WR�XVH�XVHU��GHILQHG�VWULQJ�H[FLWDWLRQ�DQG�GHILQHG�VWULQJ�H[FLWDWLRQ�DQG�
GHFD\GHFD\

�� )RU�,QWUD)RU�,QWUD��QXFOHDU�FDVFDGHVQXFOHDU�FDVFDGHV
�� %H�DEOH�WR�XVH�XVHU%H�DEOH�WR�XVH�XVHU��GHILQHG�PRGHOV�IRU�D�QXFOHXVGHILQHG�PRGHOV�IRU�D�QXFOHXV
�� %H�DEOH�WR�XVH�XVHU%H�DEOH�WR�XVH�XVHU��GHILQHG�ILQDO�VWDWH�DQG�FURVVGHILQHG�ILQDO�VWDWH�DQG�FURVV��
VHFWLRQV�GDWD�IRU�WKH�LQWUDVHFWLRQV�GDWD�IRU�WKH�LQWUD��QXFOHDU�VFDWWHULQJQXFOHDU�VFDWWHULQJ
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5th level requirements5th level requirements

�� )RU�VWULQJ�GHFD\)RU�VWULQJ�GHFD\
�� $OORZ�WR�FKDQJH�WKH�IUDJPHQWDWLRQ�IXQFWLRQ$OORZ�WR�FKDQJH�WKH�IUDJPHQWDWLRQ�IXQFWLRQ
�� «PRUH�XQGHU�VWXG\««PRUH�XQGHU�VWXG\«

�����$W�WKLV�OHYHO��WKH�IUDPHZRUN�DSSURDFK�KDV������$W�WKLV�OHYHO��WKH�IUDPHZRUN�DSSURDFK�KDV�
HVVHQWLDOO\�H[KDXVWHG�WKH�FRPSOH[LW\�RI�WKH�HVVHQWLDOO\�H[KDXVWHG�WKH�FRPSOH[LW\�RI�WKH�
WRSLF��EXW�QRWH�WKDW�WRSLF��EXW�QRWH�WKDW�FRQFUHWH�FRQFUHWH�
LPSOHPHQWDWLRQVLPSOHPHQWDWLRQV DUHDUH SRVVLEOHSRVVLEOH DWDW DQ\�DQ\�
OHYHOOHYHO RI�WKHRI�WKH 5XVVLDQ�GROO5XVVLDQ�GROO��(DFK�GROO�FRXOG���(DFK�GROO�FRXOG�
EH�WKH�ODVW�EH�WKH�ODVW�
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$FWLYLWLHV�DQG�$FWLYLWLHV�DQG�
LPSOHPHQWDWLRQVLPSOHPHQWDWLRQV
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Activities and implementationsActivities and implementations

�� 3DUWLFOHV�DW�UHVW�3DUWLFOHV�DW�UHVW�
�� 2QH�FRPSOHWH�VHW�RI�SURFHVVHV�µ2QH�FRPSOHWH�VHW�RI�SURFHVVHV�µD¶ODD¶OD *HDQW�¶*HDQW�¶
�� $OWHUQDWLYH�SURFHVV�LPSOHPHQWDWLRQV�IRU�VWRSSLQJ�$OWHUQDWLYH�SURFHVV�LPSOHPHQWDWLRQV�IRU�VWRSSLQJ�
SLSL����.��.������PXPX��

�� 8SJUDGH�SURJUDP�IRU�DQWL8SJUDGH�SURJUDP�IRU�DQWL��SURWRQV��LQFOXGLQJ�FKLSVSURWRQV��LQFOXGLQJ�FKLSV
�� 8SJUDGH�WR�LQFOXGH�WKH�HOHFWURPDJQHWLF�WUDQVLWLRQV�8SJUDGH�WR�LQFOXGH�WKH�HOHFWURPDJQHWLF�WUDQVLWLRQV�
RI�WKH�H[RWLF�DWRP�SULRU�WR�FDSWXUH��DQG�HIIHFWV�RI�RI�WKH�H[RWLF�DWRP�SULRU�WR�FDSWXUH��DQG�HIIHFWV�RI�
DWRPLF�ELQGLQJ�IRU�DWRPLF�ELQGLQJ�IRU�PXRQ�PXRQ�FDSWXUHFDSWXUH

�� 5DGLR5DGLR��DFWLYH�GHFD\DFWLYH�GHFD\
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Activities and implementationsActivities and implementations

�� ,QFOXVLYH�FURVV,QFOXVLYH�FURVV��VHFWLRQV�VHFWLRQV�
�� &RPSOHWH�VHW�RI�FURVV&RPSOHWH�VHW�RI�FURVV��VHFWLRQ�FODVVHV�µD�OD¶�*HDQW�����VHFWLRQ�FODVVHV�µD�OD¶�*HDQW�����
�� 6SHFLDOL]HG�GDWD6SHFLDOL]HG�GDWD��VHWV�IRU�QHXWURQ�DQG�SURWRQ�LQGXFHG�VHWV�IRU�QHXWURQ�DQG�SURWRQ�LQGXFHG�
UHDFWLRQV�EHORZ����UHDFWLRQV�EHORZ����*H9*H9

�� 'DWD'DWD��VHWV�IRU�HOHFWUR�DQG�JDPPD�QXFOHDU�UHDFWLRQVVHWV�IRU�HOHFWUR�DQG�JDPPD�QXFOHDU�UHDFWLRQV
�� 'DWD'DWD��VHWV�IRU�LRQ�QXFOHDU�UHDFWLRQVVHWV�IRU�LRQ�QXFOHDU�UHDFWLRQV
�� 'DWD�VHW�IRU�LRQ�UHDFWLRQV�RQ�K\GURJHQ'DWD�VHW�IRU�LRQ�UHDFWLRQV�RQ�K\GURJHQ
�� 'DWD�VHWV�IRU�QHXWURQ�LQGXFHG�UHDFWLRQV��HODVWLF�'DWD�VHWV�IRU�QHXWURQ�LQGXFHG�UHDFWLRQV��HODVWLF�
VFDWWHULQJ��FDSWXUH�DQG�ILVVLRQ�RI�QHXWURQV�IRU�HQHUJLHV�VFDWWHULQJ��FDSWXUH�DQG�ILVVLRQ�RI�QHXWURQV�IRU�HQHUJLHV�
EHORZ����EHORZ����0H90H9��

�� 8SJUDGH�IRU�VWUDQJH�SDUWLFOH�LQGXFHG�UHDFWLRQV�8SJUDGH�IRU�VWUDQJH�SDUWLFOH�LQGXFHG�UHDFWLRQV�
XQGHUZD\�XQGHUZD\�

�� 5HYLHZ�RI�WKH�UHDFWLRQ�FURVV5HYLHZ�RI�WKH�UHDFWLRQ�FURVV��VHFWLRQV�RQ�WKH�ZD\�VHFWLRQV�RQ�WKH�ZD\�



J.P. Wellisch, 
CERN/EP/SFT 

Data librariesData libraries
�� 6\VWHPDWLF�FROOHFWLRQ�DQG�HYDOXDWLRQ�RI�H[SHULPHQWDO�GDWD�6\VWHPDWLF�FROOHFWLRQ�DQG�HYDOXDWLRQ�RI�H[SHULPHQWDO�GDWD�
IURP�PDQ\�VRXUFHV�ZRUOGZLGHIURP�PDQ\�VRXUFHV�ZRUOGZLGH

�� DatabasesDatabases
�� (1')�%��-(1'/��)(1'/��&(1'/��(16')��-()��%521'��(1')�%��-(1'/��)(1'/��&(1'/��(16')��-()��%521'��
())��0(1'/��6$,'��(3'/��HWF�())��0(1'/��6$,'��(3'/��HWF�

�� Distribution Distribution centrescentres

�� 1($��/$1/��//1/��%1/��.(.��,$($��,+(3��75,80)��)1$/��1($��/$1/��//1/��%1/��.(.��,$($��,+(3��75,80)��)1$/��
+HOVLQNL��'XUKDP��HWF��+HOVLQNL��'XUKDP��HWF��

�� 7KH�XVH�RI�HYDOXDWHG�GDWD�LV�LPSRUWDQW�IRU�WKH�7KH�XVH�RI�HYDOXDWHG�GDWD�LV�LPSRUWDQW�IRU�WKH�
YDOLGDWLRQ�RI�SK\VLFV�UHVXOWVYDOLGDWLRQ�RI�SK\VLFV�UHVXOWV
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Activities and implementationsActivities and implementations

�� ,Q�IOLJKW,Q�IOLJKW
�� &RKHUHQW�HODVWLF�VFDWWHULQJ&RKHUHQW�HODVWLF�VFDWWHULQJ

�� 2QH�VHW�µDOD¶�*HDQW������,�H����VORSHV�2QH�VHW�µDOD¶�*HDQW������,�H����VORSHV�SDUDPHWUL]HG�SDUDPHWUL]HG�DV�D�DV�D�
IXQFWLRQ�RI�WDUJHW�PDVVIXQFWLRQ�RI�WDUJHW�PDVV

�� 5HJJHH5HJJHH WKHRU\�EDVHG�DOWHUQDWLYH�LPSOHPHQWDWLRQ�IRU�WKHRU\�EDVHG�DOWHUQDWLYH�LPSOHPHQWDWLRQ�IRU�
LQFRPLQJ�SL��.��QXFOHRQ�LQ�SUHSDUDWLRQLQFRPLQJ�SL��.��QXFOHRQ�LQ�SUHSDUDWLRQ

�� 'DWD�GULYHQ�VSHFLDOL]HG�PRGHOV�IRU�ORZ�HQHUJ\�QXFOHRQ�'DWD�GULYHQ�VSHFLDOL]HG�PRGHOV�IRU�ORZ�HQHUJ\�QXFOHRQ�
VFDWWHULQJ�RII�+\GURJHQ�ZDV�UHOHDVHG�VFDWWHULQJ�RII�+\GURJHQ�ZDV�UHOHDVHG�

�� $OWHUQDWLYH�GDWD�GULYHQ�PRGHO�IRU�ORZ�HQHUJ\�����$OWHUQDWLYH�GDWD�GULYHQ�PRGHO�IRU�ORZ�HQHUJ\����� 0H90H9����
QHXWURQ�FRKHUHQW�HODVWLF�VFDWWHULQJ�ZLWK�SRVVLELOLW\�WR�UXQ�QHXWURQ�FRKHUHQW�HODVWLF�VFDWWHULQJ�ZLWK�SRVVLELOLW\�WR�UXQ�
DJDLQVW�DQ\�IRUPDWWHG�GDWD�OLEUDU\��(1')�%��)(1'/��DJDLQVW�DQ\�IRUPDWWHG�GDWD�OLEUDU\��(1')�%��)(1'/��
-(1'/��*�1'/��HWF���-(1'/��*�1'/��HWF���
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Activities and implementationsActivities and implementations

�� &DSWXUH�RI�QHXWUDO�SDUWLFOHV&DSWXUH�RI�QHXWUDO�SDUWLFOHV
�� 2QH�VHW�µDOD¶�*HDQW�2QH�VHW�µDOD¶�*HDQW�
�� $OWHUQDWLYH�GDWD�GULYHQ�PRGHO�IRU�ORZ�HQHUJ\�$OWHUQDWLYH�GDWD�GULYHQ�PRGHO�IRU�ORZ�HQHUJ\�
�������� 0H90H9��QHXWURQ�FDSWXUH�ZLWK�SRVVLELOLW\�WR���QHXWURQ�FDSWXUH�ZLWK�SRVVLELOLW\�WR�
UXQ�DJDLQVW�DQ\�IRUPDWWHG�GDWD�OLEUDU\�UXQ�DJDLQVW�DQ\�IRUPDWWHG�GDWD�OLEUDU\�
�(1')�%��)(1'/��-(1'/��*�1'/��HWF����(1')�%��)(1'/��-(1'/��*�1'/��HWF���

�� *DPPD�DEVRUSWLRQ��&+,36�*DPPD�DEVRUSWLRQ��&+,36�
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Activities and implementationsActivities and implementations

�� ,Q�IOLJKW,Q�IOLJKW
�� )LVVLRQ)LVVLRQ

�� 2QH�PRGHO�µDOD¶�*HDQW�2QH�PRGHO�µDOD¶�*HDQW�
�� $OWHUQDWLYH�GDWD�GULYHQ�PRGHO�IRU�ORZ�HQHUJ\�$OWHUQDWLYH�GDWD�GULYHQ�PRGHO�IRU�ORZ�HQHUJ\�
����������0H90H9��QHXWURQ�LQGXFHG�)LVVLRQ���VW���QG����QHXWURQ�LQGXFHG�)LVVLRQ���VW���QG��
�UG�DQG��WK�FKDQFH��ZLWK�SRVVLELOLW\�WR�UXQ��UG�DQG��WK�FKDQFH��ZLWK�SRVVLELOLW\�WR�UXQ�
DJDLQVW�DQ\�IRUPDWWHG�GDWD�OLEUDU\��(1')�%��DJDLQVW�DQ\�IRUPDWWHG�GDWD�OLEUDU\��(1')�%��
)(1'/��-(1'/��*�1'/��HWF���)(1'/��-(1'/��*�1'/��HWF���

�� $OWHUQDWLYH�WKHRU\�GULYHQ�PRGHO��ZLWK�VSHFLDO�$OWHUQDWLYH�WKHRU\�GULYHQ�PRGHO��ZLWK�VSHFLDO�
IRFXV�RQ�IUDJPHQW�\LHOGV�IRFXV�RQ�IUDJPHQW�\LHOGV�
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Activities and implementationsActivities and implementations

�� ,Q�IOLJKW,Q�IOLJKW
�� ,QHODVWLF�VFDWWHULQJ,QHODVWLF�VFDWWHULQJ

�� 7ZR�PRGHOV�µDOD¶�*HDQW�7ZR�PRGHOV�µDOD¶�*HDQW�
�� $OWHUQDWLYH�GDWD�GULYHQ�PRGHO�IRU�ORZ�HQHUJ\�$OWHUQDWLYH�GDWD�GULYHQ�PRGHO�IRU�ORZ�HQHUJ\�
����������0H90H9��LQHODVWLF�QHXWURQ�QXFOHDU�VFDWWHULQJ���LQHODVWLF�QHXWURQ�QXFOHDU�VFDWWHULQJ�
����H[FOXVLYH�ILQDO�VWDWHV�DUH�FRQVLGHUHG��ZLWK�����H[FOXVLYH�ILQDO�VWDWHV�DUH�FRQVLGHUHG��ZLWK�
SRVVLELOLW\�WR�UXQ�DJDLQVW�DQ\�IRUPDWWHG�GDWD�SRVVLELOLW\�WR�UXQ�DJDLQVW�DQ\�IRUPDWWHG�GDWD�
OLEUDU\��(1')�%��)(1'/��-(1'/��*�1'/��HWF���OLEUDU\��(1')�%��)(1'/��-(1'/��*�1'/��HWF���

�� $OWHUQDWLYH�WKHRU\�GULYHQ�PRGHOV��VHH�QH[W�$OWHUQDWLYH�WKHRU\�GULYHQ�PRGHOV��VHH�QH[W�
VOLGHVVOLGHV
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Activities and implementationsActivities and implementations
�� ,Q�IOLJKW��LQHODVWLF�VFDWWHULQJ,Q�IOLJKW��LQHODVWLF�VFDWWHULQJ

�� 7KHRU\�GULYHQ�PRGHOV7KHRU\�GULYHQ�PRGHOV
�� 2QH2QH SDUWRQSDUWRQ WUDQVSRUW�PRGHO��FRQFHSW�WUDQVSRUW�PRGHO��FRQFHSW�
�� 7ZR�DOWHUQDWLYH�VWULQJ�PRGHO��UHOHDVHG�7ZR�DOWHUQDWLYH�VWULQJ�PRGHO��UHOHDVHG�
�� 7ZR�W\SHV�RI�VWULQJ�IUDJPHQWDWLRQ��UHOHDVHG�7ZR�W\SHV�RI�VWULQJ�IUDJPHQWDWLRQ��UHOHDVHG�
�� 2QH�TXDQWXP�PROHFXODU�G\QDPLFV�PRGHO��UHOHDVH�H[SHFWHG������2QH�TXDQWXP�PROHFXODU�G\QDPLFV�PRGHO��UHOHDVH�H[SHFWHG������
�� 7KUHH�DOWHUQDWLYH�LQWUD7KUHH�DOWHUQDWLYH�LQWUD��QXFOHDU�FDVFDGHV����WLPHQXFOHDU�FDVFDGHV����WLPH��GULYHQ����VSDFHGULYHQ����VSDFH��
GULYHQ��UHOHDVH�LPPLQHQW�IRU�WZR�GULYHQ��UHOHDVH�LPPLQHQW�IRU�WZR�

�� 2QH�2QH�FKLUDO�FKLUDO�LQYDULDQW�SKDVHLQYDULDQW�SKDVH��VSDFH�GHFD\�PRGHO��UHOHDVHG�VSDFH�GHFD\�PRGHO��UHOHDVHG�
�� 5H5H��ZULWH�RI�IXOO\�ELDVHG�0$56����*H9��UHOHDVHG��ZULWH�RI�IXOO\�ELDVHG�0$56����*H9��UHOHDVHG��
�� 7KUHH�DOWHUQDWLYH�QXFOHDU�GHVFULSWLRQV����UHOHDVHG�7KUHH�DOWHUQDWLYH�QXFOHDU�GHVFULSWLRQV����UHOHDVHG�
�� 7ZR�DOWHUQDWLYH�SUH7ZR�DOWHUQDWLYH�SUH��HTXLOLEULXP�GHFD\�PRGHOV����UHOHDVHG�HTXLOLEULXP�GHFD\�PRGHOV����UHOHDVHG�
�� 7KUHH�DOWHUQDWLYH�HYDSRUDWLRQ�LPSOHPHQWDWLRQV��UHOHDVHG�7KUHH�DOWHUQDWLYH�HYDSRUDWLRQ�LPSOHPHQWDWLRQV��UHOHDVHG�

±± )HUPL�)HUPL�EUHDNEUHDN��XS�XS� :HLVVNRSI:HLVVNRSI��(ZLQJ��(ZLQJ��%RQGRUI�PXOWLIUDJPHQWDWLRQ%RQGRUI�PXOWLIUDJPHQWDWLRQ����
3KRWR3KRWR��HYDSRUDWLRQ�HYDSRUDWLRQ�

±± ,QWHUQDO�FRQYHUVLRQ�LV�FRPLQJ��UHOHDVH�LPPLQHQW�,QWHUQDO�FRQYHUVLRQ�LV�FRPLQJ��UHOHDVH�LPPLQHQW�
�� (WF��(WF��
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ApologiesApologies

����0\�DSRORJLHV�IRU�WKLV�IODW�OLVW�RI�DFWLYLWLHV�����0\�DSRORJLHV�IRU�WKLV�IODW�OLVW�RI�DFWLYLWLHV�
ZLWKRXW�FLWDWLRQV�RU�PDNLQJ�UHIHUHQFH�WR�ZLWKRXW�FLWDWLRQV�RU�PDNLQJ�UHIHUHQFH�WR�
WKH�SHRSOH�GRLQJ�KDYLQJ�GRQH�WKH�ZRUN�WKH�SHRSOH�GRLQJ�KDYLQJ�GRQH�WKH�ZRUN�

����7KLV�LV�VROHO\�IRU�WKH�VDNH�RI�EULHIQHVV�����7KLV�LV�VROHO\�IRU�WKH�VDNH�RI�EULHIQHVV�
����0DQ\�RI�WKH�FRQFUHWH�LPSOHPHQWDWLRQV�����0DQ\�RI�WKH�FRQFUHWH�LPSOHPHQWDWLRQV�
ZHUH�GRQH�E\�RWKHUV��DQG�PXFK�KHOS�ZDV�ZHUH�GRQH�E\�RWKHUV��DQG�PXFK�KHOS�ZDV�
SURYLGHG�LQ�VHYHUDO�DUHDV�E\�WKHRULVWV�WKDW�SURYLGHG�LQ�VHYHUDO�DUHDV�E\�WKHRULVWV�WKDW�
KDYH�LQYHQWHG�WKH�PRGHOV�HPSOR\HG��KDYH�LQYHQWHG�WKH�PRGHOV�HPSOR\HG��



PartPart--IVIV

9DOLGDWLRQ�DQG�YHULILFDWLRQ9DOLGDWLRQ�DQG�YHULILFDWLRQ
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Model validationModel validation
�� )RXU�WLHU�VWUDWHJ\)RXU�WLHU�VWUDWHJ\

�� $XWKRU�YDOLGDWLRQ�SORWV�IRU�WKH�LQGLYLGXDO�PRGHOV$XWKRU�YDOLGDWLRQ�SORWV�IRU�WKH�LQGLYLGXDO�PRGHOV
�� 3UHFRQGLWLRQ�IRU�PRGHO�WR�EH�D�FDQGLGDWH�IRU�LQFOXVLRQ�3UHFRQGLWLRQ�IRU�PRGHO�WR�EH�D�FDQGLGDWH�IRU�LQFOXVLRQ�

�� ,QGHSHQGHQW�YDOLGDWLRQ�RQ�WKLQ�WDUJHW�GDWD�ZLWK�,QGHSHQGHQW�YDOLGDWLRQ�RQ�WKLQ�WDUJHW�GDWD�ZLWK�
UHJUHVVLRQ�VXLWHV�E\�WKH�ZRUNLQJ�JURXSVUHJUHVVLRQ�VXLWHV�E\�WKH�ZRUNLQJ�JURXSV
�� 9HULILHG�EHIRUH�HYHU\�UHOHDVH9HULILHG�EHIRUH�HYHU\�UHOHDVH

�� ,QGHSHQGHQW�YDOLGDWLRQ�RQ�EHQFKPDUNV���ZKHUH�,QGHSHQGHQW�YDOLGDWLRQ�RQ�EHQFKPDUNV���ZKHUH�
WKHVH�DUH�DYDLODEOHWKHVH�DUH�DYDLODEOH
�� 9HULILHG�EHIRUH�HYHU\�UHOHDVH��ZKHUH�SRVVLEOH9HULILHG�EHIRUH�HYHU\�UHOHDVH��ZKHUH�SRVVLEOH

�� 9DOLGDWLRQ�RQ�IXOO�VLPXODWLRQ�SURJUDPV9DOLGDWLRQ�RQ�IXOO�VLPXODWLRQ�SURJUDPV
�� JHDQW��WDNHV�PRGHO�YDOLGDWLRQ�PXFK�PRUH�JHDQW��WDNHV�PRGHO�YDOLGDWLRQ�PXFK�PRUH�
VHULRXVO\�WKDQ�LW�ZDV�LQ�WKH�WLPHV�RI�JHDQW��VHULRXVO\�WKDQ�LW�ZDV�LQ�WKH�WLPHV�RI�JHDQW��
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GHAD Validation&VerificationGHAD Validation&Verification

�� Our validation strategy is deployed since spring 1999. Our validation strategy is deployed since spring 1999. 
It was submitted as paper to CHEP2001.It was submitted as paper to CHEP2001.

�� It was subsequently presented again in CMS and It was subsequently presented again in CMS and 
ATLAS, at the LHCATLAS, at the LHC--geant4 validation meeting, the geant4 validation meeting, the 
SLAC users workshop, and the ACAT2002 conference SLAC users workshop, and the ACAT2002 conference 
in Moscow.in Moscow.
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Author validationAuthor validation

�� $XWKRU�YDOLGDWLRQ$XWKRU�YDOLGDWLRQ
�� &RPSDULVRQV��W\SLFDOO\�ZLWK�PHDVXUHPHQWV�IURP�WKLQ�WDUJHW�&RPSDULVRQV��W\SLFDOO\�ZLWK�PHDVXUHPHQWV�IURP�WKLQ�WDUJHW�
GDWD��,�H��HYHQW�JHQHUDWRU�OLNH�DSSOLFDWLRQ�GDWD��,�H��HYHQW�JHQHUDWRU�OLNH�DSSOLFDWLRQ�

�� /RRNLQJ�DW�FURVV/RRNLQJ�DW�FURVV��VHFWLRQV��SDUWLFOH�\LHOGV�DQG�GLVWULEXWLRQ��VHFWLRQV��SDUWLFOH�\LHOGV�DQG�GLVWULEXWLRQ��HWDHWD
DQG�SW�GLVWULEXWLRQV��LQYDULDQW�FURVVDQG�SW�GLVWULEXWLRQV��LQYDULDQW�FURVV��VHFWLRQV��[BI�VHFWLRQV��[BI�
GLVWULEXWLRQV��SDUWLFOH�UDWLRV��HWF��GLVWULEXWLRQV��SDUWLFOH�UDWLRV��HWF��

�� 5HTXHVWHG�E\�WKH�ZRUNLQJ�JURXS�ZKHQ�PD\RU�FKDQJHV�WR�D�5HTXHVWHG�E\�WKH�ZRUNLQJ�JURXS�ZKHQ�PD\RU�FKDQJHV�WR�D�
PRGHO�RFFXU�PRGHO�RFFXU�

�� 2ZQHG�E\�WKH�DXWKRU��OLNH�WKH�WHVW2ZQHG�E\�WKH�DXWKRU��OLNH�WKH�WHVW��EHDP�UHVXOW�RI�DQ�EHDP�UHVXOW�RI�DQ�
H[SHULPHQWDO�JURXSH[SHULPHQWDO�JURXS
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Working group validationWorking group validation

�� :RUNLQJ�JURXS�YDOLGDWLRQ�VXLWHV�:RUNLQJ�JURXS�YDOLGDWLRQ�VXLWHV�
�� )RU�)RU�HWDHWD��SW����SW��[I[I����PXOWPXOW��G���G�σσ�G�S���G�S��GGσσ��G7G7��QBSURQJ����QBSURQJ��
FKDUJH�UDWLRV��G�FKDUJH�UDWLRV��G�σσ��GGΩΩG(G(��HWF��LQ�SODFH�IRU�WKH���HWF��LQ�SODFH�IRU�WKH�
YDULRXV�HQHUJ\�UHJLPHV��,V�DOUHDG\�TXLWH�YDULRXV�HQHUJ\�UHJLPHV��,V�DOUHDG\�TXLWH�
VDWLVIDFWRU\��VDWLVIDFWRU\��

�� 7ULYLDO�TXDQWLWLHV�QRZ�DOVR�DUH�FKHFNHG�7ULYLDO�TXDQWLWLHV�QRZ�DOVR�DUH�FKHFNHG�
�� 1RWH�WKDW�WKLV�FDQ�EH�GRQH�RQO\�ZLWK�WKH�1RWH�WKDW�WKLV�FDQ�EH�GRQH�RQO\�ZLWK�WKH�
FRQVHQW�RI�WKH�DXWKRU�FRQVHQW�RI�WKH�DXWKRU�

�� 7KLV�OHYHO�RI�YDOLGDWLRQ�ZDV�QHYHU�SHUIRUPHG�LQ�7KLV�OHYHO�RI�YDOLGDWLRQ�ZDV�QHYHU�SHUIRUPHG�LQ�
DQ\�GHSWK�IRU�JHDQW��DQ\�GHSWK�IRU�JHDQW��
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Anti proton annihilationAnti proton annihilation
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Anti proton annihilationAnti proton annihilation



J.P. Wellisch, 
CERN/EP/SFT 

Stopping Stopping pion pion minusminus



J.P. Wellisch, 
CERN/EP/SFT 

Low energy neutron captureLow energy neutron capture
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Doppler broadeningDoppler broadening
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Neutron induced isotope productionNeutron induced isotope production
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Isotope productionIsotope production
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Proton induced reactionsProton induced reactions
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Example WG testExample WG test
resultsresults
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‘phi’ plots (in‘phi’ plots (in PbPb))

Nucleon phi distributions 
For incident π+, π-,p-bar,p 
At energies 50MeV-40GeV
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More ‘phi’  distributions (in lead)More ‘phi’  distributions (in lead)
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‘Trivial’  plots ‘Trivial’  plots 
energy depositionenergy deposition

��

BTEV: All distributions are 
in the expected energy range
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QuasiQuasi--elastic peaks in proton elastic peaks in proton 
scatteringscattering
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Validation in complete applicationsValidation in complete applications

�� ,QGHSHQGHQW�YDOLGDWLRQ�RQ�EHQFKPDUNV���,QGHSHQGHQW�YDOLGDWLRQ�RQ�EHQFKPDUNV���
ZKHUH�WKHVH�DUH�DYDLODEOHZKHUH�WKHVH�DUH�DYDLODEOH
�� 9HULILHG�EHIRUH�HYHU\�UHOHDVH�9HULILHG�EHIRUH�HYHU\�UHOHDVH�

�� 9DOLGDWLRQ�RQ�IXOO�VLPXODWLRQ�SURJUDPV9DOLGDWLRQ�RQ�IXOO�VLPXODWLRQ�SURJUDPV
�� 7KH�YDOLGDWLRQ�SURMHFWV7KH�YDOLGDWLRQ�SURMHFWV
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Benchmark comparisonsBenchmark comparisons

�� 9DOLGDWLRQ�RQ�EHQFKPDUNV�9DOLGDWLRQ�RQ�EHQFKPDUNV�
�� 7HVW7HVW��EHDP�VLPXODWLRQVEHDP�VLPXODWLRQV

�� 7ZR�WHVW7ZR�WHVW��EHDP�VLPXODWLRQV�LQ�UHJUHVVLRQEHDP�VLPXODWLRQV�LQ�UHJUHVVLRQ
�� %RWK�UXQ�SULRU�WR�HDFK�UHOHDVH��WR�YHULI\�PRGHO�%RWK�UXQ�SULRU�WR�HDFK�UHOHDVH��WR�YHULI\�PRGHO�
SHUIRUPDQFH�SHUIRUPDQFH�

�� 5DGLDWLRQ�EHQFKPDUNV5DGLDWLRQ�EHQFKPDUNV
�� &XUUHQWO\�FRQVLGHULQJ�WZR�UDGLDWLRQ�EHQFKPDUNV�&XUUHQWO\�FRQVLGHULQJ�WZR�UDGLDWLRQ�EHQFKPDUNV�

±± 7LDUD��7LDUD��
±± 6$7,)6$7,)����DQG�1($�µVWDQGDUG¶�EHQFKPDUN�FRPSDULVRQV��DQG�1($�µVWDQGDUG¶�EHQFKPDUN�FRPSDULVRQV

�� ([SHULHQFLQJ�D�FRQWLQXHG�LQIOX[�RI�PDQSRZHU�WR�([SHULHQFLQJ�D�FRQWLQXHG�LQIOX[�RI�PDQSRZHU�WR�
H[WHQG�DQG�VWDQGDUGL]H�WKLV�IXUWKHU�H[WHQG�DQG�VWDQGDUGL]H�WKLV�IXUWKHU�
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Radiation benchmarks Radiation benchmarks –– exampleexample

�� 7LDUD�7LDUD��� ORZ�HQHUJ\�QHXWURQ�SHQHWUDWLRQ�ORZ�HQHUJ\�QHXWURQ�SHQHWUDWLRQ�
VFKLHOGLQJVFKLHOGLQJ��
�� ���RU�������RU����0H9�0H9��SHDN��QHXWURQ�VRXUFH�SHDN��QHXWURQ�VRXUFH
�� 8VH���FP�RU���FP�RI�FRQFUHWH�VKLHOGLQJ��RU����FP�8VH���FP�RU���FP�RI�FRQFUHWH�VKLHOGLQJ��RU����FP�
RU����FP�RI�LURQ�VKLHOGLQJRU����FP�RI�LURQ�VKLHOGLQJ

�� 0HDVXUH�QHXWURQ�IOX[�DW�EHDP0HDVXUH�QHXWURQ�IOX[�DW�EHDP��D[LV��DQG���FP�RU�D[LV��DQG���FP�RU�
���FP�RII�EHDP�D[LV����FP�RII�EHDP�D[LV�

�� 6NLSSLQJ�WKLV�LV�IDYRU�RI�WHVW6NLSSLQJ�WKLV�LV�IDYRU�RI�WHVW��EHDP�EHDP�
FRPSDULVRQ�FRPSDULVRQ�
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TestTest--beamsbeams

�� +DGURQLF+DGURQLF WHVWWHVW��EHDP�FRPSDULVRQV�FRPH�IURP�FROODERUDWLRQ�RI�EHDP�FRPSDULVRQV�FRPH�IURP�FROODERUDWLRQ�RI�
H[SHULPHQWV¶�GHWHFWRU�JURXSV�ZLWK�µFRUH¶�JHDQW��SHUVRQQHO�H[SHULPHQWV¶�GHWHFWRU�JURXSV�ZLWK�µFRUH¶�JHDQW��SHUVRQQHO�
�� $7/$6�7LOH�WHVW$7/$6�7LOH�WHVW��EHDPEHDP
�� &06�7LOH�WHVW&06�7LOH�WHVW��EHDPEHDP
�� $7/$6�+(&�WHVW$7/$6�+(&�WHVW��EHDPEHDP
�� $7/$6�)&$/�WHVW$7/$6�)&$/�WHVW��EHDPEHDP
�� %7(9�FU\VWDO�WHVW%7(9�FU\VWDO�WHVW��EHDPEHDP
�� &06�FRPELQHG�WHVW&06�FRPELQHG�WHVW��EHDPEHDP
�� &V,&V, WHVWWHVW��EHDP�EHQFKPDUNEHDP�EHQFKPDUN
�� */$67��VWDUWLQJ��WHVW*/$67��VWDUWLQJ��WHVW��EHDPEHDP
�� 3ORWV�EHLQJ�VROLFLWHG�DV�FRXUWHV\�RI�WKH�H[SHULPHQWDO�JURXSV�3ORWV�EHLQJ�VROLFLWHG�DV�FRXUWHV\�RI�WKH�H[SHULPHQWDO�JURXSV�
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TestTest--beam sample resultbeam sample result

Courtesy of ATLAS TILE prelim. Courtesy of CMS prelim.
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A test beams study in regressionA test beams study in regression

�� ATLAS HEC as a calorimeter benchmark setATLAS HEC as a calorimeter benchmark set--upup
�� Detailed description of the detectorDetailed description of the detector

�� Very constructive help from the ATLAS calorimeter Very constructive help from the ATLAS calorimeter 
communitycommunity

�� Analysis: E=E_front + 2E_backAnalysis: E=E_front + 2E_back
�� Results from the ATLAS testResults from the ATLAS test--beam analysis are beam analysis are 

overlaid , and labeled  as ‘org.’ . overlaid , and labeled  as ‘org.’ . 
�� Data are taken from CALOR 2002 paperData are taken from CALOR 2002 paper
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The physics lists studied in testThe physics lists studied in test--beambeam

�� 7KH�SK\VLFV�OLVWV�XVHG�7KH�SK\VLFV�OLVWV�XVHG�
���� /RZ�HQHUJ\�DQG�KLJK�HQHUJ\�SDUDPHWHUL]HG�PRGHOV�/RZ�HQHUJ\�DQG�KLJK�HQHUJ\�SDUDPHWHUL]HG�PRGHOV�

�/+(3���/+(3��±± FKHFN�DJDLQVW�$7/$6�WHVWFKHFN�DJDLQVW�$7/$6�WHVW��EHDP�DQDO\VLVEHDP�DQDO\VLV
���� 3LRQ�3LRQ�LQHODVWLF�VFDWWHULQJ�ILQDO�VWDWHV�VLPXODWH�ZLWK�LQHODVWLF�VFDWWHULQJ�ILQDO�VWDWHV�VLPXODWH�ZLWK�

TXDUN�JOXRQ�VWULQJ�PRGHO��ILUVW�LQWHUDFWLRQV��TXDUN�JOXRQ�VWULQJ�PRGHO��ILUVW�LQWHUDFWLRQV��FKLUDOFKLUDO
LQYDULDQW�SKDVHLQYDULDQW�SKDVH��VSDFH�GHFD\��IUDJPHQWDWLRQ���4*6&�VSDFH�GHFD\��IUDJPHQWDWLRQ���4*6&�

���� 3LRQ3LRQ LQHODVWLF�VFDWWHULQJ�ILQDO�VWDWHV�VLPXODWH�ZLWK�LQHODVWLF�VFDWWHULQJ�ILQDO�VWDWHV�VLPXODWH�ZLWK�
TXDUN�JOXRQ�VWULQJ�PRGHO�TXDUN�JOXRQ�VWULQJ�PRGHO�SUHFRPSRXQG�SUHFRPSRXQG�PRGHO�PRGHO�
�4*63��4*63�

���� 3LRQ3LRQ LQHODVWLF�VFDWWHULQJ�ILQDO�VWDWHV�VLPXODWH�ZLWK�LQHODVWLF�VFDWWHULQJ�ILQDO�VWDWHV�VLPXODWH�ZLWK�
GLIIUDFWLYH�VWULQJ�PRGHO�GLIIUDFWLYH�VWULQJ�PRGHO�SUHFRPSRXQGSUHFRPSRXQG PRGHO��)7)3�PRGHO��)7)3�
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The overall parametersThe overall parameters

�� *HDQW��YHUVLRQ��*HDQW��YHUVLRQ��
�� JHDQW������SDWFK������QR�WXQLQJJHDQW������SDWFK������QR�WXQLQJ

�� (QHUJLHV�(QHUJLHV�
�� ������������������������������������������������������������������������������������������������������
*H9�SLRQV*H9�SLRQV DQG�HOHFWURQVDQG�HOHFWURQV

�� ����PLFURQV�UDQJH�FXW����PLFURQV�UDQJH�FXW
�� �����HYHQWV�SHU�µSRLQW¶�����HYHQWV�SHU�µSRLQW¶

�� /RRNLQJ�DW�SHUIRUPDQFH��OLQHDULW\��VKRZHU�/RRNLQJ�DW�SHUIRUPDQFH��OLQHDULW\��VKRZHU�
VKDSH��HQHUJ\�UHVROXWLRQ��DQG�H�SLVKDSH��HQHUJ\�UHVROXWLRQ��DQG�H�SL
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ATLAS HEC, CALOR 2002

Relative timing of geant3 and geant4 for pion test-beam
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Other areas of known usage (likely Other areas of known usage (likely 
incomplete)incomplete)
�� 7UDFNHU�SHUIRUPDQFH7UDFNHU�SHUIRUPDQFH

�� $7/$6��&06��$7/$6��&06��%D%DU%D%DU
�� 0HGLFDO0HGLFDO

�� 8SSVDOD8SSVDOD��7(5$����7(5$��8QLY�8QLY�0DVV���HWF��0DVV���HWF��
�� 1HXWURQ�1HXWURQ�GRVLPHWU\GRVLPHWU\��PHDVXUHPHQW��EHDP��PHDVXUHPHQW��EHDP��OLQHVOLQHV

�� 612��/RV�$ODPRV��&(51�36��612��/RV�$ODPRV��&(51�36��'R''R'�&DQ���HWF���&DQ���HWF��
�� 5DGLDWLRQ�5DGLDWLRQ�VFKLHOGLQJVFKLHOGLQJ��DFWLYDWLRQ����DFWLYDWLRQ��WKHUPDOL]DWLRQWKHUPDOL]DWLRQ

�� '<1$0,;��0(&2��$/,&("��&06��(6$��HWF��'<1$0,;��0(&2��$/,&("��&06��(6$��HWF��
�� 2LO�VHDUFK�DQG�VLPLODU2LO�VHDUFK�DQG�VLPLODU

�� 0LWVXELVKL��*HQHUDO�HOHFWULFV��(;;21��$/&$7(/«0LWVXELVKL��*HQHUDO�HOHFWULFV��(;;21��$/&$7(/«
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Collaboration with 3Collaboration with 3rdrd partiesparties
Some of the reasoning:Some of the reasoning:

�� Geant3 had used two strategies. There were shower Geant3 had used two strategies. There were shower 
packages released with geant3, and there were interfaces packages released with geant3, and there were interfaces 
released with geant3; the latter were interfacing to external released with geant3; the latter were interfacing to external 
packages. The first was a working model, for the latter, packages. The first was a working model, for the latter, 
geant3 was always claimed to be obsolete.geant3 was always claimed to be obsolete.

�� GISMO: the no physics situation, but only interfacing to GISMO: the no physics situation, but only interfacing to 
external packages. They never really got support for the use external packages. They never really got support for the use 
of these codes with GISMO.of these codes with GISMO.

�� MCNPX: Gets it right. They encourage and help 3MCNPX: Gets it right. They encourage and help 3rdrd parties to parties to 
release MCNP interfaces with their 3release MCNP interfaces with their 3rdrd party code. It solves party code. It solves 
the support question.the support question.
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Collaboration with 3Collaboration with 3rdrd partiesparties
�� Basis: Basis: We provide a set of  well defined, published, and highly stable We provide a set of  well defined, published, and highly stable interfaces that interfaces that 

allows interested 3allows interested 3rdrd parties to release adapters to use their code, or to use geant4parties to release adapters to use their code, or to use geant4
physics implementations within their infrastructure.physics implementations within their infrastructure.

�� EGS: EGS: geant4 chips code for geant4 chips code for γγ--nuclear reactions also in EGSnuclear reactions also in EGS
�� HETC: HETC: Being reBeing re--written to become natively available in G4written to become natively available in G4
�� INUCL: INUCL: Being integrated to become natively available in G4Being integrated to become natively available in G4
�� UrQMDUrQMD:: In the process of being reIn the process of being re--engineered to become natively engineered to become natively 

available in geant4available in geant4
�� MCNP: MCNP: Discussion on using the geant4 interfaces in MCNPDiscussion on using the geant4 interfaces in MCNP
�� GG--FLUKA: FLUKA: Interfaced by ‘air shower’ users for their own use.Interfaced by ‘air shower’ users for their own use.
�� LiegeLiege Cascade code: Discussion in progress at the technical level. Cascade code: Discussion in progress at the technical level. 


