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Llenn paboTbl

Tekyuwee odpdnanH MO SPDRoot:

e HefoCTaTOYHO HafeXHoe, MHOIo pyAUMEHTapHOro Koga
e Hacnegyet npo6nemMbl naketa ROOT
e 0OJHOMOTO4YHOE

Takum 06pa3oMm, ero Heo6x0aMMO 3aMEHUTD.

Gaudi - PpenMBOpPK B Ka4yeCTBe anbTepHaTuBbI:

® HaZeXHbln
® [MHaMMYeCcKu KOHpUrypmpyemble 3agaym
e nopaepXka MHOronoTOYHOCTU

Gaudi Tutorial:
Gaudi Docker image:

Sampo repo:


https://git.jinr.ru/lsimbir/gauditutorial/-/tree/main
https://git.jinr.ru/spd/spd-sw/gaudi
https://git.jinr.ru/spd/spd-sw/sampo/

IkcnepumeHT SPD

Electromagnetic calorimeter ~ Magnet — Range system Vertex detector end-cap <

OcHoBHas Lienb skcnepumenTa SPD - n3Bneys UHgopmalmio ettt yten
O MMIOOHHBIX PYHKLMAX pacnpefeneHunsi, 3aBucaLLmnx ot S
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Zero degree calorimeter

Range system end-cap
Electromagnetic calorimeter end-cap
Time-of-flight system end-cap

Beam-beam counter
Aerogel Cherenkov detector

Straw tracker end-cap
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[TporpammHoe obecneyeHne B B

Pythia8 - reHepaumsa nepBMYHbIX BEPLUWH
HepMC3 - yHnBepcanbHbI hopmat
A cobbiTus, 10
SPD oxnaiH ?ﬁ ipuiaaoeTo
LMOﬂe”“pOBa“”eJ z SKCNepUMeHTa GeoModel - onucanue getektopa,
g yTeHve us b
g ®penmvsopkn GBS
Geant4 - mogenupoBaHue
Onucanue B3aMMOAENCTBMS YacTUL, C BELLECTBOM
PeKoHCTpyKuus AeTekTopa [SHEPATOPE! AETEKTOopa
i OcHoBHbIe
Aepnsaums 6ubnuotekn GBS (\
P S o G GeoModel @ J4
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ApxntekTypa Gaudi (oAHONOTOYHaS)

KoHuenuusa: AnropuTMbl 3anycKaroTcsl B LMKEe 06paboTKU COObITUIM 1 COBEpLUAIOT onepauumn Hapg,
06beKTaMM aHHbIX. YacTb paboTbl OHW AenernpyroT ceperucam u nHctpymenTam (Tools). Bee
KOMMOHEHTbI AMHaMN4YeCKK KOHpUrypupyemble yepes JobOptions.
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Pythia8

KoHuenuus: PythiaHelperSvc cosgaeT 06bekTbl knacca Pythia8, cHab)kaeT nx reHepatopamu
cnyyanHbIx Yncen, rosep-xykamu. Pythia8::next() BbisbiBaeTcs B anroputme PythiaAlg.

PythiaAlg ©—>

PythiaHelperSvc

I

PythiaUserHooksFactory

RngSvc
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HepMC3 IO

KoHuenuusa: HepMCReaderSve n HepMCWriterSve ocywectsnstoT 10 B popmaTe HepMC3.
HepMCReaderSvc untaeT nocnegoBaTtenibHO BCe BXOAHbIe hannbl, a Npo4YnTaB nocneaHee
COob6bITUE NaHUpyeT ocTaHOBKY EventLoop.

= HepMCReaderSvc = HepMCWriterSve

- m_reader: HepMC3::Reader - m_writer: HepMC3::Writer

+ read_event(evt: HepMC3::GenEvent&): void + write_event(evt: std::shared_ptr<HepMC3::GenEvent>): void
= HepMC3::Reader = HepMC3::Writer

+ read_event(evt: HepMC3::GenEvent&): void + write_event(evt: HepMC3::GenEvent&): void

SN AN

= HepMC3::ReaderRootTree = HepMC3::ReaderAscii = HepMC3::WriterRootTree =l HepMC3::WriterAscii




GeoModel

KoHuenuusa: GeoModelSve nmeet goctyn k B/1 ¢ reomeTtpuen 4yepes GMDBManager.
ReadGeoModel ncnonbsyetca ans noctpoeHns reometpun. IDetGeoTools aBnAOTCA KNMEHTaMU
cepBuCa, MHULUMaNU3npyoTcs U cogepxaT nHhopmMaumio 0 NoAcCMCcCTeEMax AeTeKTopa.

GeoModelSvec IDetGeoTool
DetGeoToolBase [———
GMDBManager ReadGeoModel

T

ConcreteDetGeoTool

GeoModel - A Detector Description Toolkit for HEP
experiments ]




MarHmtHoe none

KoHuenuusa: Kapta nonsa xpaHutca B SQLite B/1. [ilna pac4yeToB ncnosnb3yeTca TpUIMHeNHas
nHTepnonAauma. |=

MagneticFieldSvc

- m_gridinterpolator: Gridinterpolator
- m_grid: std::shared_ptr<IGrid>

+ GetFieldValue(point: const double*, field: double*): void

{ t

v

Gridinterpolator

=

= <<Interface>> _ s o ;
= 1Grid m_grid: std::shared_ptr<IGrid>

- m_cell: GridCelllnfo

wo ]

+ GetCelllnfoByPoint(point: const double”, <
info: GridCelllnfo*): bool

+ SetGrid(grid: std::shared_ptr<IGrid>): void
+ Interpolate(point: const double*, res: double*): bool

=l GridCelllnfo

A 4

RAMGrid

- m_grid:
std::vector<std::shared_ptr<CLHEP::Hep3Vector>>

+ GetCelllnfoByPoint(point: const double*, info: Field DB
GridCellinfo*): bool




Geant4: lNonb3oBaTesiIbCKue Knacchbl

<

G4RunManager <>

!

[ g

G4VUserDetectorConstruction G4VUserPhysicsList G4VUserActionlnitializatoin __
. J
T
Mandatory
~

G4VUserDetectorConstruction -> reometpua u
YyBCTBUTENIbHbIE YaCTWN YCTaHOBKMU

G4VUserPhysicsList -> pusnyeckasa mogennb

G4VUserActionlnitioalization -> yctaHaBnuBaet
NoNb30BaTe/IbCKNe XyKn

User
Hooks <

G4UserRunAction |«

G4UserEventAction [«

G4UserStackingAction

A
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G4PhysListSvc

KoHuenuusa: G4PhysListSvc coszgaeTt G4VUserPhysicsList. IG4PhysListTool cospaeTt cam
PhyslList, 3ateM gononHutensHas pusuka cosgaetca |G4PhysOptionTools.

= G4PhysListSvc

- m_optTools: ToolHandleArray<IG4PhysOptionTool>
- m_physListTool: ToolHandle<IG4PhysListTool>

+ GetPhysList(): G4VUserPhysicsList*

9 ¢

= <<Interface>> = <<Interface>>
1G4PhysListTool 1G4PhysOptionTool
+ GetPhysList(): G4VModularPhysicsList* + GetPhysOption(): G4VPhysicsConstructor*
= G4PhysListFactory ﬁk
E G4DefaultPhysListTool
=

G4ConcretePhysOptionTool
GetReferencePhysList (name:
const G4String&):

G4VModularPhysicsList*

+ GetPhysList(): G4VModularPhysicsList*

11




G4DetectorConstructionSvc

KoHuenuusa: G4DetectorConstructionSvc obopaunBaeT cebs B Knacc-agantep
SampoDetectorConstruction. Pa6oTa no cosgaHuto reoMeTpumn, Nons U YyBCTBUTENbHbIX

NETEKTOPOB AieNIermpyeTca COOTBETCTBYOLWMUM tools.

<<interface>>
IService

T

=l G4VUserDetectorConstruction

+ Construct(): G4VPhysicalVolume*
+ ConstructSDandField(): void

=

G4DetectorConstructionSvec

i

- m_SDTools: ToolHandleArray<IG4SDTool>

- m_MagFieldTools: ToolHandleArray<lG4MagneticFieldTool>

- m_GeoProviderTool: ToolHandle<IG4GeoProviderTool>

=

\ 4

SampoDetectorConstruction

- m_detConstrSvc: G4DetectorConstructionSvc*

+ GetDetectorConstruction(): G4VUserDetectorConstruction*

- Construct(): G4VPhysicalVolume*
- ConstructSDandField(): void

+ Construct(): G4VPhysicalVolume*
+ ConstructSDandField(): void

9

= <<Inierface>>
1G4GeoProvederTool

<<Interface>>
1G4MagneticFieldTool

+ GetWorldVolume(): G4VPhysicalVolume

+ CreateField(): voia

¢

= <<Inferface>>
1G4SDTool

+ GetLogVolNames(): std::vector<std::string>
+ CreateSD(): G4VSensitiveDetector

12



G4GeoModelTool

KoHuenuusa: GeoModelTool aepxunt cebinky Ha GeoModelSve un ymeeT KoHBepTUpPOBaTb
reomeTpuio n3 GeoModel B Geant4.

= <<Interface>>
IG4GeoProvederTool

+ GetWorldVolume(): G4VPhysicalVolume

]

= G4GeoModelTool

- m_geoModelSvc: ServiceHandle<IGeoModelSvc>

+ GetWorldVolume(): G4VPhysicalVolume

¥
' Vv

=ExtParametrizedVolumeBuilder = IGeoModelSvc

+ GetPhysWorld(): GeoVPhysVol*




G4SampoMagneticFieldTool

= <<Interface>>
IG4MagneticFieldTool

+ CreateField(): voia

i

= G4MagneticFieldToolBase

- m_stepperType: Gaudi::Property<std::string>
- m_logVoINames: Gaudi::Property<std::vector<std::string>>
- m_minEps, m_maxEps ... : Gaudi::Property<double>

- SetFieldParameters(G4FieldManager* mgr): void
+ CreateField(): void
# GetMagneticField(): G4MagneticField

]

= G4SampoMagneticFieldTool

- m_magSvc: ServiceHandle<IMagneticFieldSve>

KoHuenuusa: G4MagneticFieldToolBase cospaeT n
koHpurypupyet G4FieldManager. GetMagneticField()
[OJKEH ObITb ONpeAesneH B HacneAHUKax.
G4SampoMagneticFieldTool aep>XuT ccbinky Ha
MagneticFieldSvc n o6opaumBaet ero B Knacc-
apantep SompoMagneticField.

|

G4MagneticField

+ GetFieldValue(point: const double®, value: double*): voia

= SampoMagneticField

»| - m_magSve: IMagneticFieldSvc*

# GetMagneticField(): G4MagneticField*

+ GetFieldValue(point: const double*, value: double*): void

= IMagneticFieldSvc

+ GetFieldValue(point: const double®, value: double®): void

14



G4ActionlnitializationSvc

KoHuenuusa: G4ActionlnitializationSvc o6opaumBaeT cebs B Knacc-agantep
SampoActionlnitialization. PaboTa no cosgaHuio XyKoB Aenernpyetcsa cooTBeTCTBYHOLWMM tools.

= G4VUserActionlnitialization

<<Interface>>

IService + Build(): voia

i I

=l G4ActionlinitializationSve = SampoActionlnitialization

\ 4

- m_PGATool: ToolHandle<IG4PrimaryGeneratorActionTool> - iy actioninitve: GdActonlintializationBve”

+ GetActionlnitialization(): G4VUserActionlnitialization* << Build(): void
- CeatePrimaryGeneratorAction(): G4VUserPrimaryGeneratorAction® + Build(): voi

= <<Interface>>
IG4PrimaryGeneratorActionTool

+ CreatePrimaryGeneratorAction(): G4VUserPrimaryGeneratorAction™




G4HepMCPrimaryGeneratorActionTool

KoHuenuusa: G4AAHepMCPrimaryGeneratorActionTool gep>xut ccbinky Ha HepMCReaderSve u
obopayvnBaeT ero B knacc-agantep SampoPrimaryGeneratorAction.

G4VUserPrimaryGeneratorAction

= <<Inferface>>
IG4PrimaryGeneratorActionTool

+ CreatePrimaryGeneratorAction(): G4VUserPrimaryGeneratorAction* + GeneratePrimaries(evt: G4Event*): void

= G4HepMCPrimaryGeneratorActionTool = SampoPrimaryGeneratorAction
- m_HepMCReaderSvc: ServiceHandle<IHepMCReaderSvc> - m_reader: IHepMCReaderSvc*

+ CreatePrimaryGeneratorAction(): G4VUserPrimaryGeneratorAction* + GeneratePrimaries(evt: G4Event”): void

- GeneratePrimaries(evt: G4Event*): void

IHepMCReaderSvc




[etektop Beam-Beam Counter (BBC)

OCHOBHOW 3a7a4a - M3MepeHME a3uMyTarbHbIX
aCCUMETPUN B MHKITIO3UBHOM POXAEHUN 3aPSKEHHbIX
YyacTuu Ans onpegeneHus nonsipusauumn pp nyykos.

3a[a4n B MIOHHOW Nporpamme - oLieHKa LieHTpanbHOCTU
CTONKHOBEHWI 1 onpeaerneHne NrockocTn peakLuum.

da3a 0 - TecTnpoBaHue getektopa BBC.

‘ag ain “&-pﬂ

|

AN
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Python JobOptions: mogenuposaHne BBC

from Configurables import (HepMCReaderSvc, G4SampoAlg, G4DetectorConstructionSvc,
G4PhysListSvc, G4ActionInitializationSvc, BBCGeoProviderTool,
BBCGeoInserterTool, PipeGeoInserterTool,

G4HepMCPrimaryGeneratorActionTool,
BBCPhysListTool, BBCSDTool, GaudiPersistency)

from Configurables import Gaudi RootCnvSvc as RootCnvSvc
from Gaudi.Configuration import *

# DetectorConstruction setup
detConstrSvc = G4DetectorConstructionSvc()

# BBC detector
bbsGeoInserter = BBCGeoInserterTool()
bbsGeoInserter.thickness = 10

bbsGeoInserter.distance = 3000
bbsGeoInserter.radius 0 = 45
# also other BBC parameters here

1]

# NICA Pipe

pipeGeolInserter = PipeGeoInserterTool()
pipeGeoInserter.thickness = 1.5
pipeGeoInserter.distance = 7500
pipeGeoInserter.width = 84

bbcGeoProvider = BBCGeoProviderTool()
bbcGeoProvider.GeoInserters = [bbsGeoInserter, pipeGeoInserter]
detConstrSvc.GeoProviderTool = bbcGeoProvider

18
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Python JobOptions: mogenuposaHne BBC

# PhysList setup
physListSvc = G4PhysListSvc()
physListSvc.PhysListTool = BBCPhysListTool()

#HepMC input

readerSvc = HepMCReaderSvc()

readerSvc.inputFormat = "Ascii"

readerSvc.inputFiles = \
["/workspaces/sampo/BBC/data/urqgmd.dat"]

# ActionInitialization setup

ActionInitSvc = G4ActionInitializationSvc()

ActionInitSvc.PrimaryGeneratorActionTool = \
G4HepMCPrimaryGeneratorActionTool()

CronkHoBeHna Xe (3 ['aB/HyknoH) ¢ W MuwieHbo
eHepatop - URQMD
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Python JobOptions: mogenuposaHne BBC

# Also add SD to G4DetectorConstructionSvc
sdTool = BBCSDTool()

sdTool.LogVolNames = ["BBC"]
detConstrSvc.SDTools = [sdTool]

gd4algo = G4SampoAlg("G4Alg")

# Setup writing to ROOT file

dst = OQutputStream("RootDst")

dst.ItemList = ["/Event#999"]

dst.Output = ("DATAFILE='PFN:BBCHITS.root' "
"SVC='Gaudi::RootCnvSvc"' "
"OPT='RECREATE'")

RootCnvSvc(OutputlLevel=INFO)

GaudiPersistency()

1000
" NONE n

evt max
evt sel

# create ApplicationMgr and start Gaudi app (C++)
ApplicationMgr (

EvtMax=evt max,

EvtSel=evt_sel,

TopAlg=[g4algo],

OutStream=[dst]

Browser ‘_Eile Edit View Options Tools

Help

Files ‘

4, ¥ {2 Draw Option: [~

Canvas_1 (x] | Editor 1 [
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Python JobOptions: mogenuposaHne BBC

from Configurables import Gaudi_RootCnvSvc as RootCnvSvc
from Configurables import GaudiPersistency, BBCHitMapAlg
from Gaudi.Configuration import *

esel = EventSelector(PrintFreq=50, FirstEvent=1)
esel.Input = [

("DATAFILE='PFN:BBCHITS.root"' "

"SVC='Gaudi: :RootEvtSelector' "

"OPT='READ'")
|

# Output Levels
RootCnvSvc (OutputLevel=INFO)

GaudiPersistency()
hitMapAlg = BBCHitMapAlg("BBCHitMapAlg")

# Application setup
app = ApplicationMgr()

# - Algorithms

app.TopAlg = [hitMapAlg]
app.EvtMax = -1
app.HistogramPersistency = "NONE"
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3akfioyeHue:

[MOKMN 1 macwTabupyembln an3amH
[locTtynHa reHepauunsa Ha Pythia8
HepMC3 ocHoBHOW hbopmaT cobbITUM
OnucaHue reometpun Yyepes GeoModel
BkritoueHO marHMTHOEe norne
[MNopoepxnBaetca Geant4 (ogHOMNOTOYHO)

The Forging of the Sampo, Akseli Gallen-Kallela, 1893
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