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IntroductionIntroduction
•• Geant4 toolkit includes a collection of Geant4 toolkit includes a collection of 

models and packages for hadronic physicsmodels and packages for hadronic physics

•• Abstract interface to physics called a Abstract interface to physics called a 
processprocess isis associated with associated with particlesparticles

•• Allows independent, alternative physics Allows independent, alternative physics 
modelsmodels

•• Final state generation is independent of Final state generation is independent of 
tracking and the access and use of cross tracking and the access and use of cross 
sectionssections
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MotivationMotivation
•• Cascade energy region from reaction threshold to Cascade energy region from reaction threshold to 

about 5 about 5 GeVGeV is  problematic for all existing MC is  problematic for all existing MC 
packagespackages

•• Phenomenology in this region is rich and nonPhenomenology in this region is rich and non--trivialtrivial

•• This physics affects simulation results at low, This physics affects simulation results at low, 
medium, and high energies medium, and high energies 

•• Several Geant4 models are available for  the Several Geant4 models are available for  the 
cascade energy regioncascade energy region

•• Detailed verification of G4 models was requiredDetailed verification of G4 models was required



March 2003 Test suite 5

Verification suite for the Verification suite for the 
cascade energy regioncascade energy region

•• Testing suite created for verification and further Testing suite created for verification and further 
development of development of hadronhadron cascade codescascade codes

•• Generators of Generators of hadronichadronic secondariessecondaries are tested are tested 
against dataagainst data
–– focussedfocussed on don d22σσ/dEd/dEdΩΩ, d, dσσ/d/dΩΩ, d, dσσ//dEdE, E, Edd33σσ/d/d33pp
–– for  p, n, for  p, n, ππ++, , ππ--, and A , and A secondariessecondaries

•• Angular asymmetry and energyAngular asymmetry and energy--momentum balance momentum balance 
are also examined are also examined 

•• 50 cases (incident particle, energy, material) tested 50 cases (incident particle, energy, material) tested 
so far  so far  
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MethodMethod
•• Get nuclear data from EXFOR and SPIRES DBGet nuclear data from EXFOR and SPIRES DB
•• Use abstract interface for hadronic generatorsUse abstract interface for hadronic generators
•• Models currently being verified:Models currently being verified:

•• PrecompoundPrecompound
•• LELE parameterizedparameterized
•• BinaryBinary cascadecascade
•• BertiniBertini cascadecascade

•• Use scripts + macro input to control test runsUse scripts + macro input to control test runs
•• Generate histograms using AIDA interface and Generate histograms using AIDA interface and 

HBOOK HBOOK 

•• Paw analysis, Paw analysis, epseps output, and Latex reportoutput, and Latex report
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Program steeringProgram steering

•• Steering via macro files and Steering via macro files and 
scriptsscripts

•• Parameters to be specified: Parameters to be specified: 
–– Incident particle, its energyIncident particle, its energy
–– MaterialMaterial
–– Hadronic generatorHadronic generator
–– Histogram typesHistogram types
–– Bins number , Bins number , linlin, log, log
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Neutron production by Neutron production by 
incident protonsincident protons

22, 65, 113, 256, 597, 80022, 65, 113, 256, 597, 800FeFe

113, 256, 585, 800113, 256, 585, 800BeBe

585585NiNi

22, 39, 90, 113, 160, 256, 585, 80022, 39, 90, 113, 160, 256, 585, 800AlAl

35, 65, 113, 120, 160, 256, 597, 80035, 65, 113, 120, 160, 256, 597, 800PbPb

22, 35, 50, 90, 120, 160, 256, 80022, 35, 50, 90, 120, 160, 256, 800ZrZr

113, 590, 590113, 590, 590CC

Beam  energy (Beam  energy (MeVMeV))Target nucleusTarget nucleus
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Binary cascade Binary cascade 
verificationverification
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BertiniBertini Cascade Cascade 
verificationverification
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Binary cascade verification: Binary cascade verification: 
neutron spectra induced by neutron spectra induced by 
protons on aluminumprotons on aluminum
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Binary cascade verification: Binary cascade verification: 
neutron spectra induced by neutron spectra induced by 
protons on leadprotons on lead
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PionPion production by production by 
incident protonsincident protons

585585HH

585585DD

730730CuCu

585585BeBe

200, 585200, 585NiNi

585, 730, 1000585, 730, 1000AlAl

585, 730585, 730PbPb

590590CC

Beam  energy (Beam  energy (MeVMeV))Target nucleusTarget nucleus
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Binary cascade verification: piBinary cascade verification: pi--
production by 730 production by 730 MeVMeV protons protons 
on Aluminumon Aluminum
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Binary cascade verification: pi+ Binary cascade verification: pi+ 
production by 730 production by 730 MeVMeV protons protons 
on aluminumon aluminum
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Binary cascade verification: Binary cascade verification: pionpion
production by protonsproduction by protons
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PionPion production by 1.5 production by 1.5 GeVGeV pipi-- on on 
carbon with carbon with BertiniBertini CascadeCascade
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PlansPlans
•• provide a complete set of tests for provide a complete set of tests for 

incident protons in the energy range incident protons in the energy range 
00--15 15 GeVGeV

•• provide a set of tests for incident provide a set of tests for incident 
pionspions

•• provide a set of tests for incident provide a set of tests for incident 
neutronsneutrons
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ConclusionsConclusions
•• AA verificationverification suitesuite forfor thethe cascadecascade energyenergy regionregion

hashas beenbeen createdcreated

•• VerificationVerification isis donedone byby comparingcomparing againstagainst
experimentalexperimental thinthin targettarget datadata

•• VerificationVerification suitesuite waswas usedused extensivelyextensively inin
developingdeveloping thethe releaserelease ofof thethe BinaryBinary andand BertiniBertini
CascadeCascade packagespackages inin Geant4Geant4

•• WorkWork onon extendingextending andand improvingimproving thethe suitesuite isis inin
progressprogress


