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Data Set
Data Set from ITEP (Yu. D. Bayukov et.al., Preprint 
ITEP-148-1983, Sov. J. Nuclear Physics 42, 116)

Nuclear Scan: Inclusive proton production at 4 different 
angles in 8-9 kinetic energy bins in proton-nucleus 
collision (12 targets from Be to U) with 7.5 GeV/c proton
beam
Angular Scan: Inclusive proton production at 29 different 
angles  in 8-9 kinetic energy bins on p-nucleus or π--
nucleus targets (4 targets from C to U) with 7.5 (5.0) 
GeV/c p (π-) beam
Energy Scan: Inclusive proton production at 4 different 
angles in 8-9 kinetic energy bins in p/π+/π--nucleus 
collisions (4 targets from C to U) with 11/7/3 beam 
momenta between 1 and 9 GeV/c
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Data Quality (I)

Quantities measured are Lorentz invariant differential cross 
sections
Statistical uncertainty are between 1-10%
Systematic uncertainty quoted are between 5-6%
However the same differential cross section table 
sometimes appear from two sets of measurements
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Data Quality (II)

Mean difference between the 2 sets of data points are 
typically 10% or smaller
Overall normalization uncertainty could be ~15%
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Comparisons
Method of Comparison:

Use a standalone code initiating one physics model with 
particles of a fixed momentum and look at number of 
interactions and the products
Use a specific test code (test30) in  Geant4 application 
Alternately we can take a standard physics list and verify 
by standard simulation process

Develop a tool within CMSSW Framework:
Look into PostStepPoint's for any hadronic process (can be used as a
Watcher of G4Step or as a UserSteppingAction)
Looks at the list of secondaries produced (optionally saves the 3-momenta,
mass of all produced particles,  process ID for the interaction)
Kill secondaries as well as the primary track after the first interaction 
Create a simple geometry with one material  and look at collision product
for a fixed beam energy
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p-Be Collision at 6.2 GeV/c
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p-Be Collisions at 7.5 GeV/c
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p-Be Collisions at 9.0 GeV/c
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Angular Dependence
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Energy Dependence
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General Observation

QGSP, QGSC, FTFP and LHEP models predict very 
similar inclusive proton cross sections and differential 
distributions for p-Be collision at 6-9 GeV/c
QGSP_Bertini model gives very different predictions 
than the other 4 models
Difference is seen in absolute cross section as well as in 
angular distribution (larger separation for back scattered 
protons)
Experimental data (ITEP)lie some where in between 
Protons with low kinetic energy agree better with QGSP-
like models while those with higher energies agree better 
with Bertini model
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Documentation

Improvements and Extension of the documentation of 
physics validation and verification of Geant4 hadronics.
– Brief overview of the physics models
– Distinguish comparisons with thin target data, full setup
– Document the input cross sections used
– Clean up and complete the references of the sources used

Setting up a repository of validation results
Use Geant4 website at Fermilab to put in the new material:

http://geant4.fnal.gov/hadronic_validation/validation_plot.htm
The zeroth version exists. It is rapidly getting updated 
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Header Page
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Thin Target
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ITEP (I)
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ITEP (II)
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Complete Setup
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CMS (I)
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CMS (II)
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Summary and Outlook

FNAL group has started on two different fronts in the 
validation and verification of the hadronic package of 
Geant4
Updated and extended version of documentation of the 
validation results now exists (Work in progress)
Started comparing Geant4 predictions with data in the 
intermediate energy region where very little verification 
has been done in the past
Soon more comparisons will be done for inclusive proton 
production for a wide range of targets  


