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OutlineOutline

Concept and current structureConcept and current structure
Geometry and VMCGeometry and VMC
Status of the interfaces to specific MC’sStatus of the interfaces to specific MC’s
Validation testsValidation tests
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A classical transport MC applicationA classical transport MC application

Experiment/MC Experiment/MC –– tailored applicationtailored application
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VMC conceptVMC concept

Transport MC transparent to the user application Transport MC transparent to the user application 
(more details in the VMC (more details in the VMC presentationpresentation at CHEP03)at CHEP03)
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BenefitsBenefits

Running different transport MC’s from the Running different transport MC’s from the 
same applicationsame application
Using the same geometry descriptionUsing the same geometry description
–– Even the same geometry engine Even the same geometry engine –– TGeo (not TGeo (not 

yet the case for G4)yet the case for G4)
No need to customize detector response, No need to customize detector response, 
physics configuration and cuts (partially) or physics configuration and cuts (partially) or 
input/output according the transport code input/output according the transport code 
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VMCVMC

Geometry description and Geometry description and 
representationrepresentation

Geometry is a sensitive issue for transport codesGeometry is a sensitive issue for transport codes

TGeant3TGeant3

TGeant4TGeant4

TFlukaTFluka

G3 G3 geomgeom.

ROOT ROOT geom.geom.

G4 G4 geom.geom.

GEANT3GEANT3
transporttransport

GEANT4GEANT4
transporttransport

FLUKAFLUKA
transporttransport

USERUSER
CODECODE

G4toRootFlugg

g3tog4

ROOT ROOT geom.geom.

RootToG4

g2root

Not yet Not yet 
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Structure of VMCStructure of VMC

Communication allowed only via virtual Communication allowed only via virtual 
interfaceinterface

TVirtualMCApplicationTVirtualMCApplication

TVirtualMCStackTVirtualMCStack

TVirtualMCTVirtualMC

TVirtualMCDecayerTVirtualMCDecayer

UserApplicationUserApplication

UserStackUserStack TGeant3TGeant3Pythia6Pythia6

TGeant4TGeant4

TFlukaTFluka
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StatusStatus
Consolidation of old interfaces Consolidation of old interfaces (GEANT3 VMC, GEANT4 VMC)(GEANT3 VMC, GEANT4 VMC) and and 
further development of the new one further development of the new one (FLUKA VMC)(FLUKA VMC)
Additions (mostly user demands):Additions (mostly user demands):
–– Added new functions to enable a user to define ions and own partAdded new functions to enable a user to define ions and own particles icles 

TVirtualMC::TVirtualMC::DefineIonDefineIon(…)(…)
TVirtualMC::TVirtualMC::DefineParticleDefineParticle(...)(...)
TVirtualMCApplication::TVirtualMCApplication::AddParticlesAddParticles() () 

–– Added function to enable a user to abort run Added function to enable a user to abort run 
TVirtualMC::TVirtualMC::StopRunStopRun() () 

–– Other changesOther changes
more meaningful names in TVirtualMCStack functions more meaningful names in TVirtualMCStack functions 
addedadded BoolBool return value to TVirtualMC functions which could fail:return value to TVirtualMC functions which could fail:

–– SetCutSetCut(),(), SetProcessSetProcess(),(), DefineParticleDefineParticle(),(), DefineIonDefineIon() () 

No major changes in the user interfaceNo major changes in the user interface
–– Most efforts directed during last year to development of TFluka Most efforts directed during last year to development of TFluka 
–– Geometry converters RootToG4 and Geometry converters RootToG4 and G4ToRoot (see G4ToRoot (see "The Virtual Geometry Model“"The Virtual Geometry Model“

by I.by I.HrivnacovaHrivnacova))
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Geant3 VMCGeant3 VMC

In production in ALICE since quite a whileIn production in ALICE since quite a while
–– Implementation very stable : negligible changes Implementation very stable : negligible changes 

since last yearsince last year
–– Just few corrections in the version Just few corrections in the version 

TGeant3+TGeoTGeant3+TGeo
Ongoing extensive tests for TGeo vs. G3 Ongoing extensive tests for TGeo vs. G3 
native geometry validationnative geometry validation
–– Version using ROOT Version using ROOT TGeoTGeo navigation planned navigation planned 

to enter production next yearto enter production next year
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Validation of G3 with TGeo Validation of G3 with TGeo 
navigationnavigation

Comparisons at hits level done in ALICE Comparisons at hits level done in ALICE 
–– No relevant differences foundNo relevant differences found

See “A geometrical modeler for HEP”See “A geometrical modeler for HEP”
presentationpresentation at CHEP03at CHEP03

–– More detailed analysis at detector moduleMore detailed analysis at detector module
level to be donelevel to be done

Ongoing stepOngoing step--byby--step comparisonsstep comparisons
–– Already done for simple geometriesAlready done for simple geometries
–– GeantinosGeantinos shot in partial ALICE geometryshot in partial ALICE geometry

Differences at the expected levelDifferences at the expected level
Fine tuning of TGeo behavior when Fine tuning of TGeo behavior when 

tracking close to boundariestracking close to boundaries
Analysis of possible rounding errorsAnalysis of possible rounding errors
Identify all possible remaining hidden Identify all possible remaining hidden 

problems in the interface or in TGeo itselfproblems in the interface or in TGeo itself

FeedFeed--back from other people that already back from other people that already 
started this kind of comparisons is welcome !started this kind of comparisons is welcome !

dr

v

Boundary

GEANT3 crossing

G3+TGeo corresponding crossing
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Geant4 VMCGeant4 VMC

In maintenance: In maintenance: 
–– Updates for new Geant4 releases Updates for new Geant4 releases 
–– Tagged with each Root/Geant4 release that requires Tagged with each Root/Geant4 release that requires 

backwardbackward--incompatible changes incompatible changes 
New features :New features :
–– UserUser--defined physics list enabled defined physics list enabled 
–– Implements all new methods added in TVirtualMC Implements all new methods added in TVirtualMC 
–– Consolidation of roottog4 converter: Consolidation of roottog4 converter: 

support for positions with reflection support for positions with reflection 
support for composite shapes support for composite shapes 

–– Extension of g4toxml converter for GDML scheme Extension of g4toxml converter for GDML scheme 
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Fluka VMCFluka VMC

User/Transport code interfaceUser/Transport code interface
–– Done in traditional FORTRAN frameworks by:Done in traditional FORTRAN frameworks by:

User routines / common blocks 
Text files (input cards) 

–– TFluka hides this TFluka hides this 
communication from userscommunication from users

It follows VMC interface
design

Major efforts done this year to
develop and consolidate the interface

Still in AliRootAliRoot CVS repository, but
can be separately compiled and has
no dependency to ALICE code

To be moved in ROOT CVS repository
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Class structureClass structure

TFluka

TVirtualMCTVirtualMC
Geometry interface 

with TGeo

TFlukaMCGeometry

TFluka TFluka 
TFluka

Common building
methods

TGeoMCGeometry

TFlukaTFlukaCutOption
TFlukaTFlukaCutOption

TFlukaTFlukaCutOption
TFlukaTFlukaCutOption

TFlukaTFlukaConfigtOption
TFlukaTFlukaConfigtOption

TFlukaTFlukaConfigtOption
TFlukaTFlukaConfigOption

idnrwr
g1wr
g1rtwr
conhwr
inihwr
jomiwr
lkdbwr
lkfxwr
lkmgwr
lkwr
nrmlwr
rgrpwr
isvhwr
magfld

eedraw
endraw
mgdraw
sodraw
usdraw

source

abscff
dffcff
queffc
rflct
rfrndx

stupre
stprf

Fluka User Fluka User 
RoutinesRoutines

Fluka Geometry Fluka Geometry 
NavigationNavigation

FLUKA

Text
Input
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Geometry and materialsGeometry and materials
Before : FLUGG + GEANT4Before : FLUGG + GEANT4

–– Unstable / many crashes very hard to debugUnstable / many crashes very hard to debug
Now : TGeo interfaceNow : TGeo interface

–– Allowing Allowing navigationnavigation in full ALICE geometryin full ALICE geometry
–– Preliminary validation steps donePreliminary validation steps done
–– Providing input “cards” for materials/regionsProviding input “cards” for materials/regions

Material definition and assignment via FLUKA input cardsMaterial definition and assignment via FLUKA input cards
–– MATERIAL, COMPOUND, LOWMATERIAL, COMPOUND, LOW--MAT and ASSIGNMATMAT and ASSIGNMAT
–– Materials defined by effective Z not acceptedMaterials defined by effective Z not accepted

Automatic /onAutomatic /on--demand generation of PEMF file needed for simulation of demand generation of PEMF file needed for simulation of 
electromagnetic processeselectromagnetic processes

–– Best possible homeBest possible home--made solution not requiring manual intervention, but definitely made solution not requiring manual intervention, but definitely 
not as good as fully automation of the process directly by FLUKAnot as good as fully automation of the process directly by FLUKA

TFlukaCerenkov to store optical propertiesTFlukaCerenkov to store optical properties
Magnetic field integrated to VMC schemeMagnetic field integrated to VMC scheme

–– Activation per region possible, but not yet implementedActivation per region possible, but not yet implemented

alice.inp

alice.pemf
TFlukaMCGeometry

TFlukaTGeoMediumTFlukaTGeoMaterialTFlukaCerenkov
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ConfigurationConfiguration
Physics and cuts configuration used via standard FLUKA formattedPhysics and cuts configuration used via standard FLUKA formatted
input file. input file. 
–– User cuts and process switches are stored at initialization stagUser cuts and process switches are stored at initialization stage as arrays e as arrays 

of objects. These are finally appended to FLUKA inputof objects. These are finally appended to FLUKA input
Solutions and open problems :Solutions and open problems :
–– Primary particles retrieved from Primary particles retrieved from TVirtualMCStackTVirtualMCStack
–– Secondaries just monitored, except particles put on stack by useSecondaries just monitored, except particles put on stack by user coder code

Extra constraint to user stack to check for unExtra constraint to user stack to check for un--handled particles before tracking a handled particles before tracking a 
new primarynew primary

–– Most switches/cuts available in VMC implementedMost switches/cuts available in VMC implemented
HADR=0HADR=0 implemented through implemented through THRESHOLDTHRESHOLD input cardinput card
DCAY=0DCAY=0 not implementednot implemented
Kinetic energy cut for n, charged hadrons, muons not yet possiblKinetic energy cut for n, charged hadrons, muons not yet possible materiale material--byby--
materialmaterial
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Fluka user routines rewritten in C++Fluka user routines rewritten in C++
–– Calling Calling TVirtualMCApplication::SteppingTVirtualMCApplication::Stepping to notify to notify 

the stepthe step
current track ID, current region, process ID, ...current track ID, current region, process ID, ...

–– Several routines for step notificationSeveral routines for step notification
Energy depositionEnergy deposition
InteractionInteraction
Normal stepNormal step
Boundary crossingBoundary crossing
Special eventsSpecial events are notified to user code:are notified to user code:

–– Double step for exiting and enteringDouble step for exiting and entering
–– Track resumed after secondary trackingTrack resumed after secondary tracking

Special actionsSpecial actions::
–– Cerenkov quantum efficiency handled at detection Cerenkov quantum efficiency handled at detection 

levellevel

SteppingStepping
Sensitive Volume

1

2

Geant 3
1: entering
1: exiting
2: entering
2: exiting

FLUKA
1: entering
1: disappeared
2: entering
2: exiting
1: entering
1:exiting

2 hits            3 hits
• Special feature:Special feature: different tracking different tracking 
sequence may influence number of hits, but sequence may influence number of hits, but 
not digits. Signaled anyway to user code.not digits. Signaled anyway to user code.



29 September 29 September -- CHEP’04CHEP’04 VMCVMC--Status and ApplicationsStatus and Applications 1717

Stepping actions, stackingStepping actions, stacking
StopTrackStopTrack()() implemented for tracks in magnetic field and Cerenkov implemented for tracks in magnetic field and Cerenkov 
photonsphotons
TVirtualMCStackTVirtualMCStack acts as observer and mirrors FLUKA private stack acts as observer and mirrors FLUKA private stack 
using “hook wrappers” for :using “hook wrappers” for :
–– Particles from electromagnetic interactionsParticles from electromagnetic interactions
–– Particles from hadronic interactionsParticles from hadronic interactions
–– Cerenkov photonsCerenkov photons
–– Exception:Exception: Particles produced by user during stepping. Example: FeedParticles produced by user during stepping. Example: Feed--

back photonsback photons
For some processes (For some processes (bremsstrahlungbremsstrahlung, delta, delta--electrons, ...), FLUKA electrons, ...), FLUKA 
interrupts the tracking of the mother particle in order to follointerrupts the tracking of the mother particle in order to follow the w the 
secondary first.secondary first.
–– New methodNew method TVirtualMC::SecondariesAreOrdered()TVirtualMC::SecondariesAreOrdered() used to communicate used to communicate 

order of secondaries to order of secondaries to TVirtualMCStackTVirtualMCStack..
Interfacing with Interfacing with TVirtualMCDecayerTVirtualMCDecayer not yet readynot yet ready
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TFluka / G3 testingTFluka / G3 testing

GEANT3GEANT3 FLUKAFLUKA

Behavior of Behavior of AliRoot AliRoot running TFluka as expectedrunning TFluka as expected
–– Hits/digits produced in the same way as for TGeant3/TGeant4Hits/digits produced in the same way as for TGeant3/TGeant4
–– No changes needed in the application specially for TFlukaNo changes needed in the application specially for TFluka

1 exception: stack reordering1 exception: stack reordering

Detailed analysis at detector modules level startedDetailed analysis at detector modules level started
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Geometry interface validationGeometry interface validation
Comparison between FLUKA native stepping versus TFluka, for a Comparison between FLUKA native stepping versus TFluka, for a 
simple examplesimple example
Original setup: calorimeter sandwich Original setup: calorimeter sandwich PbPb--ScintillatorScintillator--Al, 1GeV/c protons Al, 1GeV/c protons 
in magnetic fieldin magnetic field
–– Vacuum put everywhere : pure geometry testing Vacuum put everywhere : pure geometry testing 
–– Geometry reproduced identicallyGeometry reproduced identically
with TGeowith TGeo

Boolean compositions (150 components)Boolean compositions (150 components)
Simple application as the ones from VMCSimple application as the ones from VMC

examplesexamples
Hits collected at boundaryHits collected at boundary

crossings: crossings: x,y,z, track ID, region numberx,y,z, track ID, region number
Matching procedure trackMatching procedure track--byby--tracktrack
–– Computation of the distance between matching Computation of the distance between matching 
points :points : drdr = (= (PPTFlukaTFluka –– PPFLUKAFLUKA) ) •• vv
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ResultsResults
All crossing points matchingAll crossing points matching

–– Same boundary sequenceSame boundary sequence
No magnetic fieldNo magnetic field
B = 60 TB = 60 T

Helped fixing few bugs firstHelped fixing few bugs first

Very encouraging since differences Very encouraging since differences 
are at doubleare at double--precision error level as precision error level as 
expectedexpected



29 September 29 September -- CHEP’04CHEP’04 VMCVMC--Status and ApplicationsStatus and Applications 2121

ConclusionsConclusions
Most efforts this year focused to the Fluka VMC partMost efforts this year focused to the Fluka VMC part
–– Geometry interface with TGeo modellerGeometry interface with TGeo modeller

Tests done against FLUKA native geometry Tests done against FLUKA native geometry 
–– Several developments related to configuration settings, materialSeveral developments related to configuration settings, materials, s, 

stepping and stackingstepping and stacking
–– Ready for detailed validationReady for detailed validation
–– To be moved to ROOT CVS as all other interfacesTo be moved to ROOT CVS as all other interfaces

New features developed on user requestsNew features developed on user requests
Geometry converters ROOTGeometry converters ROOT--G4 developed G4 developed 
–– The only alternative at this moment for ROOTThe only alternative at this moment for ROOT--based geometry based geometry 

descriptions until a solution will be found for G4+TGeo navigatidescriptions until a solution will be found for G4+TGeo navigationon
Continuous maintenance workContinuous maintenance work


