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Qutline

. Elastic scattering (improvements)
. Parameterized model (Improvements)

. Cascade models (Improvements, validation)

. High energy models (cross section comparisons)

. Shower shape studies (testing a combination of




Elastic Scattering | mprovements

. Elastic scattering isimportant for shower shapes

. Existing model isjust adeguate, needs improvement

— non-relativistic kinematics, parameterized to fit mostly
forward data, charge exchange included, no coherence effects

. New model and process (G4UHadronEl asticProcess,
G4HadronElastic) available with 8.1 release

— high precision neutron cross sections for E < 20 MeV
— relativistically correct




Elastic Scattering

Elastic K+ scattering from € at 800 MeV'/c
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Parameterized Model Improvements

. Parameterized model (low energy and high energy parts)
IS are-engineered version of GHEISHA
— based on fits to data with some theoretical guidance
— can beused for al long-lived hadrons + light ions

— not originally intended to conserve most quantities on an
event-by-event basis, but rather on average (doeswell in

showers)

. Improvementsfor 8.1 release include better energy
onservation, nucleon counting in low enerqy pa




Parameterized Model Test InILC
Calorimeter (Ron Cassell - SLAC)

Event - Energy

Il antl_neutron_0.001GeV_steel_test_detector.alda
I antl_neutron_0.001GeV_sllc_had_patch2_steel_test_detector.alda
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Cascade Model | mprovements

. Two cascade models offered by Geant4

— binary: two particle collisions only, with resonance
formation and decay, for p,n,t (<3 GeV)

— Bertini: based on INUCL code, scattering based on free-
space cross sections ( < 10 GeV)

. Binary model extended to heavy ions ( A
(A ge < = 12), E<10GeV/A

. Bertini cascade extended to kaons, h

<=12)or

projectile




Cascade Validation

S800MeV p+Al->n+X
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High Energy Models

. Geant4 has three models for high energies

(15 GeV < E<~10 TeV):

— high energy parameterized (HEP) : derived from GHEISHA,
depends mostly on fits to data with some theoretical guidance

— quark-gluon string (QGYS) : theoretical model with diffractive
string excitation and decay to hadrons

— Fritiof fragmentation (FTF) : alternate theoretical model with
different fragmentation function




High Energy Model Validation:
rapidity
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High Energy Model Validation:
transverse momentum

WHITMORE 84 FP CG62, 198
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High Energy Model Validation:
Kinetic energy at /70 degrees

102 BAYUKOV BO ITEP-BO-37
RE P TA —giz Pi+ X

E ™ CEV 400,00
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High Energy Model Validation:
Kinetic energy at 90 degrees

102 BAYUKOV BO IMEP-B0D-37

RE P TA —gtz Pi+ X

E ™ CEV 40000
THETA{P=3.AF=LAS} IN DEG 90.00
A 18095
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High Energy Model Validation:
Kinetic energy at 118 degrees
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Shower Shape Studies

. Touse Geant4 in arealistic ssmulation many models and
processes must be combined in aphysicslist

— two physicslists, LHEP and QGSP, are the most used and
most tested Geant4 physics lists in high energy calorimetry

— LHEP consists of the low energy parameterized (LEP) and
high energy parameterized (HEP) models, plus the Geant4
standard el ectromagnetic package

— QGSP consists of the Quark-gluon string model (QGS), the
Precompound model and some of the LHEP models plus the

Geant4 standard el ectromagnetic package




Shower Shape Studies

. Thefollowing comparisons are based on data from the
CM S test beam

. CMStest beam setup (2004).

- ECAL: 7 x 7 array of POWQ, crystals

- HCAL: 2 barrel production wedges of alternating brass
absorber and scintillator

— pion beams from 2 to 300 GeV
. Simulation used Geant4 6.2 pO2 and looked at:




Calorimeter response to pions: ECAL+HCAL
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Energy spectrums: data vs GEANT4
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Longitudinal Shower Profiles
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Longitudinal shower profiles (cont.)

| Longitudinal Shower Profiles |
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Other Developments and Validations

. HARP data to be published soon
- 1-15 GeV test beam data (p, n, w)

- very useful for cascade model validation

. Alternate physicslist: LCPHY S

— used in linear collider studies
— test beam validation within the year?

. Geant4 cross section review




Summary

. Many improvements to the Geant4 hadronic models are
being made in order to improve calorimeter response and
shower shape agreement

. Elastic scattering was found to be important to shower
shape — improvements being made

. Cascade models are important for calorimetry — both
Geant4 models are being validated — more data needed

. Shower shapes measured in CM S test beam show good
agreement at low to medium energies — high energy




