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Outline

● Purpose
● Survey of simulation codes
● Validation Highlights from ATLAS and CMS
● “Grand Validation”
● Excerpts from R. Wigmans' talk on calorimetry
● Importance of hadronic simulation in other areas
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Purpose of the Workshop

● Understand hadronic shower simulation relevant to:

– hadron calorimetry at ILC and LHC
– neutrino fluxes and atmospheric showers

● Get simulation experts together to:
– evaluate available simulation codes
– compare validations 
– identify problems
– propose ways to go forward

● http://conferences.fnal.gov/hss06
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Survey of Simulation Codes  

● Geant4, Fluka, Mars, MCNPX, PHITS  
● Feature comparison chart by Gregg McKinney
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YesNoYesYes2.6.0Moving

YesYesYesYes2.6.0Fields (E/B)

NoNoNoSTEPSTEP via GUICAD

NoTcl/TlNoGGEVised
Moritz

Setup GUI

Built-in:
2,3-D Command
PS via Angel
External:
Angel
PS

Built-in:
2-D Interactive
Tcl/Tl
3-D Interactive
OpenGL
External:
Custom

Built-in:
None
External:
Custom (X11)
Others?

Built-in:
3-D Interactive
OpenGL
OpenInventor
RayTracer
External:
WIRED
VRML
DAWN

Built-in:
2-D Interactive
X-Windows
External:
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Moritz

Viewer
Debugger

Neutron albedoYesYesYes3 typesReflections

No
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Lattice (rec, hex)

No
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Yes

No
No
Yes
Yes

Yes
Yes (logical vol.)
Yes
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No
Yes (universes)
Yes
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Extensions
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Nested
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MCNP-based
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Solids
MCNP-based
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MORSE-basedSTEP Solids
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MCNP-basedDescription

PHITSMARSFLUKAGEANT4MCNPXGeometry
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NoNoNoNoYes (2.6.A)Burnup

NoNoNoNoYesEigenvalue
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Yes
Yes
Yes
Yes
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Yes
Yes
Yes
Yes

Yes
No
No
No
Yes

Yes
Yes
GPS
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Yes
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Yes
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SSW/SSR
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Distribution
Dep. Dist.

External
User Sub.

PHITSMARSFLUKAGEANT4MCNPXSource
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ITS 3.0
CSDA/decay
Models
Models

Custom
Models
Models
Models

Custom
Models
Models
Decay

EEDL, EADL
Models
Production
Decay

ITS 3.0
CSDA/decay
Production
Decay

Leptons
Electrons
Muon
Neutrino
Other

Cont. (ENDF)
Models

Models
Models
Model list:
Bertini
JAM>3 GeV

Cont. (ENDF)
Models

Models
Models
Model list:
Custom
CEM
LAQGSM
DPMJET

Multigroup(72)
Models

Models
Models
Model list:
PEANUT(GINC)
DPM+Glauber >
5 GeV

Cont. (ENDF)
Models

Models
Models
Model list:
Hadron-nucleous
GHEISHA*
INUCL(Bertini)
BIC
CHIPS
QGS/FTF>8 GeV

Cont. (ENDF)
Models

Cont. (ENDF)
Models
Model List:
Bertini
ISABEL
CEM
INCL
FLUKA89>3 

GeV
LAQGSM (2.6.D)

Baryons
Neutron

Low
High

Proton
Low
High

Other

CSDA
Bethe-Bloch
Moliere
Vavilov
No

CSDA
Bethe-Bloch
Moliere*
Custom
No

CSDA
Bethe-Bloch
Moliere
Custom
No/yes

CSDA
Bethe-Bloch
Lewis
Urban
Yes

CSDA
Bethe-Bloch
Rossi
Vavilov
No

Charged particles
Energy loss
Scatter
Straggling
XTR/Cherenkov

3841686834Particles

PHITSMARSFLUKAGEANT4MCNPXPhysics
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nγβ,γα,β,γn,γ (2.6.C)Delayed

JQMD
JAMQMD >
3 GeV/u

LAQGSMRQMD-2.4
DPMJET-3

AAM
EDM
BLIC

ISABEL
LAQGSM (2.6.D)

Ions

No
ITS 3.0
No

No
Custom
Custom
CEM

Yes
Custom+EPDL97
PEANUT
VMDM

Yes
EPDL97, EADL
CHIPS

No
ITS 3.0
Libraries (IAEA)
CEM

Photons
Optical
x-ray/γ
Photonuclear

ModelsModelsModelsModelsModelsMesons

PHITSMARSFLUKAGEANT4MCNPXPhysics
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ErrorErrorErrorError10Convergence Tests

rec,cyl
Yes
Yes
No
Yes

rec, cyl, sph
Yes
Yes
Yes
Yes

rec, cyl
Yes
Yes
Yes
Yes

rec, cyl
No
No
??
Yes

rec, cyl, sph
Yes
Yes
2.5.D
Yes

Special
Mesh
Coincidence
Residuals
Activation
Event logs

Yes
Yes
No
Yes
Yes
Yes
No
Yes
Yes
No
Yes
No
Yes
Yes
2

Yes
Yes
Yes (neutrons)
Yes
Yes
Yes
No
Yes
Yes
Yes.
Yes
Yes
No
Partial
2

Yes
Yes
No
Yes
Yes
Yes
No
Star (inelastic)
Yes
Yes
Some
Yes
Yes
Yes
2

Yes
Limited
No
Limited
Yes
Yes
Yes
No
Yes
Yes
??
Yes
User input
??
2

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
HTAPE3X
No
Yes
Partial
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Standard
Flux

Volume
Surface
Point/ring

Current
Charge
Kinetic energy
Particle density
Reaction rates
Energy deposition
Rapidity
DPA
Momentum
Pulse-height
Termination
Modifiers

PHITSMARSFLUKAGEANT4MCNPXTallies
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NoNoNoNo2-D contourViewer

NoNoNoNoYesDXTRAN

Yes
Yes
No
Yes
Yes

Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes

RDM
Yes
No
Yes
??

Yes
Yes
Yes
Yes
Via DXTRAN

Modified sampling
Source biasing
Implicit capture
Exp. transform
Production biasing
Angular bias

Variance Reduction

Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

Yes
Yes
Yes
No

Yes
Yes
Yes
Yes

Population control
Region biasing
Weight cutoff
Weight window mesh
Energy biasing

Built-in:
Angel
External:
Angel

Built-in:
Custom
External:
PAW

Built-in:
None
External:
Custom (X11)
GNUplot
PAW
ROOT

Built-in:
No
External:
JAS
PI
Open Scientist

Built-in:
1-D, 2-D Custom
X-Windows
External:
IDL
Tecplot
GNUplot
PAW

Viewer

PHITSMARSFLUKAGEANT4MCNPXTallies
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Atlas (HEC)
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Atlas (HEC)
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Atlas (HEC)
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CMS
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CMS
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Grand Validation

● 7 validation tests
– covered wide energy range
– head-to-head comparison of (5-6) simulation codes for 

each test
– data sets agreed upon beforehand
– voluntary participation

● Due to short time scale, not all tasks could be 
completed

● Agreed to make this a regular exercise

17



Task 1: 12.9 GeV/c p on Al
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Task 1: 12.9 GeV/c p on Al
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Task2a: π+ from 158 GeV/c p on C
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Task2a: π− from 158 GeV/c p on C
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Task 3: p, p-bar from 67 GeV/c p on Al
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Task 3: π+,  π- from 67 GeV/c p on Al
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Task 3: K+ ,K- from 67 GeV/c p on Al
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Task 4: 2 GeV e on Cu (PAL)
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Task4: PAL with Geant4 prediction 
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Task 5: Total Energy in a Cu Absorber
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Task6: π- in Fe-Scint Calorimeter
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Task 7: Energy Deposited in W Rod
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● All neutrino flux problems (NUMI, MiniBoone, 
K2K, T2K, Nova, Minerva) and all calorimeter 
design problems and all jet energy scale 
systematics (not including jet definition 
ambiguities here) can be reduced to one problem 
– the current state of hadronic shower simulators.
– Rajendran Raja (HSSW 06)
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ILC Calorimetry

● Operation in jet-dense 
environment requires 
knowledge of:
– lateral shower shape (how 

much do showers overlap)
– longitudinal shower shape 

(how well can showers be 
separated)

● High-granularity 
calorimeters allow tracks to 
be associated with clusters
– energy-flow calorimetry 

depends on good energy and 
baryon conservation
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Air Shower Studies

● Infer A, E of primary from 
muon component near or on 
the ground

● A-A collision -> N, π
� π −> μ ν

● very sensitive to hadronic 
interactions
� largest uncertainty in 

neutrino flux calculations 
� nucleus-nucleus models very 

important 
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Neutrino Oscillations

● Neutrino beam flux 
calculations are a large 
uncertainty
– Minos: 70% of systematic 

error is associated with 
uncertainties in hadronic 
interactions

● Two main reasons:
– charged pion production
– particle transport in thick 

production targets
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Conclusions
● For LHC test beams Geant4 does reasonably well

– some problems remain
– not a good test of detailed models

● Grand validation: most hadronic codes do not compare well 
with data
– and they often don't agree with each other
– we've got a long way to go

● Contrary to popular opinion, details of low energy particle 
modeling are important to calorimetry
– π0 production,  protons at ~100 MeV, neutron production and 

transport

● Hadronic shower simulations are even more important for:
– ILC calorimeters, neutrino beams, cosmic rays 39


