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Goals for this session

® Summarize the available generation and simulation code
® Introduce how to configure and describe detector to LArSoft
® |ntroduce detector-specific response functions

® [earn how to use GEANT4 and event generators in LArSoft
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Beam simulation
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® An important (sometimes only!) tool in neutrino flux estimation

® Models

- Incident proton beam
- Particle production in the target and surrounding material
- Focusing horn(s)

- Hadron and lepton decays with neutrinos in the final state
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Beam simulation
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® Produces “flux files” as output

- Information about collected neutrinos stored in standardized TTr ee

e LArSoft structure defined in dk2nu product shipped with LArSoft distributions

- Allows tracking neutrino back through particle decay to production point of
ultimate parent hadron

- Used as input to neutrino event generators
e Typically run as stand-alone step

- Re-use the flux files in multiple MC production runs

(ie, mosts people won't need to do this...)
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Beam simulation used by LArSoft

- GEANT4-based

« NUMI: g4num
- Documented under “NuMi Beam Simulation” redmine project

» https://cdcvs.fnal.gov/redmine/projects/numi-beam-sim/wiki
« BNB: BooNE&G4Beam(the old) + BooNE&ABeam(the new)

- Originally written for MiniBooNE, being used by MicroBooNE
- The old is documented on the uBooNE DocDB. The new is not yet in production.

« LBNF: 77

-  FLUKA has also been used by some experiments
FLUKA: A. Ferrari, P.R. Sala, A. Fasso’, and J. Ranft, CERN-2005-10 (2005), INFN/TC_05/11, SLAC-R-773

http://www.fluka.org/fluka.php
* Not currently interfaced to LArSoft, but may be in the future

- Some accompanying programs may be needed in various cases

e BooNEGANuM (old): need to convert MiniBooNE-specific output into dk2nu TTr ee

- Private code. The new BooNEGANUM creates si nb: : MCTr ut h directly
» gsi nmpl e: select neutrinos that pass a specified plane in front of a detector

- Documented under the GENIE redmine wiki page
» https://cdcvs.fnal.gov/redmine/projects/genie/wiki/Generating GSimpleNtpFlux files
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Event generation

® Produces final state particles from a specified physics process

- Output used as input to detector simulation (or for direct studies)

- A variety of generator types available / needed in LArSoft

* Neutrino interaction events
¢« Cosmic rays
* Nucleon decays

* Single particles

® A number of techniques used to interface to LArSoft

- Direct: generator is called by LArSoft - creates si nb: : MCTr ut h
- Indirect: generator output file read by LArSoft —» creates si nb: : MCTr ut h
- Embedded: the code lives in LArSoft

All interfaces are in | ar si mM Event Gener at or or “nutools”
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An aside: the “nutools” ups product

® General purpose tools for neutrino experiments

- Shared between NOVA, LArTPC experiments (at least)
- Distributed with LArSoft, set up automatically by LArSoft setup procedure

e Contents:
SNUTOOLS DIR/source/

EventDisplayBase/ __Interf ENIE. CRY
EventGeneratorBase/ < nterfaces 0 G ©
G4Base/ Interfaces / services for DB access
IFDatapasgl - to NOvA-style DB
MagneticField/ (also used by DUNE / LArIAT)
NuBeamWeights/
NuReweight/ ~ Data products used by simulation
SimulationBase/ < simb::MCTruth

simb::MCParticle

See https://cdcvs.fnal.gov/redmine/projects/nusoftart/wiki for details
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Event generators available to LArSoft

® Neutrino event generators

- GENIE

C. Andreopoulos et al., Nucl. Instrum. Meth., A614, pp. 87-104, 2010.
http://www.genie-mc.org

* General purpose (ie, not written for a specific experiment)

« Direct interface: larsim/EventGenerator/GENIE/GENIEGen _module.cc

- NuWro
http://borg.ift.uni.wroc.pl/nuwro/

* General purpose. Different model(s) of final state nuclear interactions, resonance
production,...

« Indirect interface: larsim/EventGenerator/NuWroGen_module.cc
- NUANCE

e Originally written for IMB, then adapted to MiniBooNE
* Indirect interface: larsim/EventGenerator/NUANCEGen_module.cc
* Source code / libraries are not distributed with LArSoft

...don't know where / when / who uses this at present...
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Event generators available to LArSoft

e Cosmic ray generators

-  CRY
 Livesinthe “cry” ups product distributed with LArSoft

- Maintained at LLNL: http://nuclear.linl.gov/simulation/main.html
e Direct interface: | arsi nf Event Gener at or / CRY/ Cosm csGen_nodul e. cc

- Output directly to si nb: : MCTrut h
- GaisserParam

 Underground cosmic muons

« Embedded in LArSoft:
| ar si n1 Event Gener at or/ Gai sser Par aml Gai sser Par am nodul e. cc

- Output directly to si nb: : MCTrut h
« Documented in the module.
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Event generators available to LArSoft

® (Other generators

- NDKGen

Aug. 7, 2015

Nucleon decay generator using GENIE

Indirect interface: | arsi ni Event Gener at or/ NDKGen_nodul e. cc

SingleGen

Single particle event generator. Detector agnostic. (!!)
Embedded in LArSoft: larsi nf Event Gener at or/ Si ngl eGen_nodul e. cc
All prodsingle*.fcl files everywhere use SingleGen

TextFileGen

Generates an event corresponding to contents of input text file in hepevt format
Embedded in LArSoft: larsi ml Event Gener at or/ Text Fi | eGen_nodul e. cc

RadioGen

Models signals generated by radioactive decays in and around LAr
Uses decay tables, TGraphs of relevant spectra stored in | ar soft _dat a product
Embedded in LArSoft: larsi m Event Gener at or/ Radi o0Gen_nodul e. cc

13



o

Event
Generator

Detector
Simulation

Aug. 7, 2015

» Detector description

[ J
Flux
[ J
Events 4 OMT read
readout . .
Simulation PMT digits
Ve
Optical hits Trigger
Simulatio
TPC hits
L 4
Wire readout ..
‘ Simulation TPC digits
From W Seligman
LArSoft event generation, simulation, event display E. Snider

14



Detector geometry

Hierarchy of geometry volumes
« Material associated with most of these
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Detector geometry

Hierarchy of geometry volumes ___ E-g. buildings, overburden,
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Hierarchy of geometry volumes
» Material associated with most of th

Detector geometry

E.g., containment structure for
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Detector geometry

Auxiliary detectors
« For detector elements outside the cryostat
« E.g., cosmic ray counters around cryostat, upstream detectors in a test beam, etc.
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Detector geometry

Class structure reflects this hierarchy

All geometry classes in larcore/Geometry
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Detector geometry

Class structure reflects this hierarchy

« Adds “parallel” volume geo: : OpDet Geo to represent / separate

handling of optical simulation \
All geometry classes in larcore/Geometry

DetEnclosure (not a class)
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Detector geometry

Access the geometry classes via Geonet ry service

« Use ID objects to specify which instance of TPC geometry objects you want

: ID structs defined in
Cryo§tatID TPCID ere!D | ar cor e/ Si npl eTypesAndConst ant s/ geo_t ypes. h
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Detector geometry

Access the geometry classes via Geonet ry service

« Use ID objects to specify which instance of TPC geometry objects you want

: ID structs defined in
Cryo§tatID TPCID ere!D | ar cor e/ Si npl eTypesAndConst ant s/ geo_types. h
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Detector geometry

Don't usually need the wire volumes to be defined
« Often define “nowi r es” geometries that exclude the wire volumes, otherwise identical

« Saves on memory usage /
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Detector geometry specification

® Geometry specified with Geometry Description Markup
Language (GDML)
http://gdml.web.cern.ch/GDML/

A declarative geometry language understood by r oot and GEANT4

The official GDML files currently live in experiment repositories

« <expt repo>/ Geonetry/gdm /*. gdnl ,
<expt repo>/Geo/gdm /*.gdm, etc

The GDML flles are not necessarily the “master” geometry description

« Most experiments have written Perl or C programs to write the actual GDML files
« DUNE plans to use a DB to construct the GDML

The main point:

 There should be exactly one authoritative source for geometry information
e Must use GDML file to tell LArSoft about it
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Accessing detector information

® geo:: Geonetry (in larcore/ Geonetry/ Geometry. h)

- An art service that provides common interface to detector geometry
- Access geometry via the geo: Geonet r yCor e interface

- Several methods to access geometry classes

« By element ID, for example:

PlaneGeo const & Plane( geo::PlanelD id ) const;
PlaneGeo const & GetElement( geo::PlanelD id ) const;
PlaneGeo const * PlanePtr( geo::PlanelD & id ) const;
PlaneGeo const * GetElementPtr( geo::PlanelD id ) const;

* |teration over all IDs of a given type, for example:

void GetBeginID( geo::TPCID & id ) const; void GetEndID( geo::TPCID & id ) const;
std::set<PlanelD> const & PlanelDs() const;

plane_id_iterator begin_plan_id() const; plane_id_iterator end_plane_id() const;
plane_iterator begin_plane() const; plane_iterator end_plane() const;

These methods / iterators allow iteration over geometry / readout units without
nested loops, needing to know how many of what is there

The above methods available for each level in geometry class structure
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Accessing detector information

e geo: : Channel MapAl g

- Provides the mapping between geometry objects and readout channels

 Refer to geometry objects using the geometry ID structs already introduced

« Refer to TPC DAQ channels using raw::ChannellD _t
- Defined in | arcor e/ Si npl eTypesAndConst ant s/ RawTypes. h
« Concept of optical channel IDs also

- ChannelMap available from the Geon®et ry service

Channel MapAl g const * cma = geom >Channel Map() ;
- Detector-specific, so Channel MapAl g is an abstract class

e Detector-specific implementation is provided via Expt GeoHel per | nterface
service, which itself is an abstract class for the service.

- Uses the art feature “service interface class”: specifies an interface for a service
- Allows run-time selection of art service implementation in a fcl file
- Helper service not exposed to users of Geometry, but geometry authors need to know

Aug. 7, 2015 LArSoft event generation, simulation, event display E. Snider
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Accessing detector information

e geo: : Channel MapAl g

- Provides the mapping between geometry objects and readout channels

 Refer to geometry objects using the geometry ID structs already introduced

« Refer to TPC DAQ channels using raw::ChannellD _t

- Defined in | arcor e/ Si npl eTypesAndConst ant s/ RawTypes. h
« Concept of optical channel IDs also

- ChannelMap available from the Geon®et ry service
Channel MapAl g const * cma = geom >Channel Map() ;
- Detector-specific, so Channel MapAl g is an abstract class

« Detector-specific implementation is provided via Expt GeoHel per | nterf ace

The use of service interface classes is a common pattern throughout LArSoft
Allows experiment / detector-specific implementations for shared services

Look for “service_provider” line in fcl files
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Accessing detector information

e util::DetectorProperties

- An art service that provides access to information about the detector

Sampling rate, number of time samples per drift window

Trigger time offset

Time offsets between wire planes

ADC tick to distance conversion

etc.

- Data currently filled from input fcl files

- Working to allow use of a database to fill values

- Livesinlardata/Uilities

Aug. 7, 2015
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Accessing detector information

e util::LArProperties

- An art service that provides access to liquid argon properties

Density

Drift velocity

Birks correction
Electric field

Temperature

Electron lifetime

etc.

- Also currently filled from fcl input

- And also currently working to allow use of a database to fill values

- Livesinlardata/Utilities

Aug. 7, 2015
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Detector simulation

® Thelarg4:: LAr &4 module: GEANT4 interface

- Configures GEANT4
« Passes GDML file and material properties to GEANT4

« Creates “parallel worlds” for wire, optical, and auxiliary detector geometries
- LArVoxel Readout Geonetry, OpDet Readout Geonetry, AuxDet Readout Geonetry
- Each registers call-backs to classes that know how to simulate that sub-system

« Registers particle list

- Processes interactions one at a time

- Collects the results and stores it in the art::Event

« Truth information at this stage

simb::MCParticle

» Trajectory, momentum, PDG code, ...
- art::Assns< simb::MCTruth, simb::MCParticle >

- sim::SimChannel
- sim::SimPhotons or sim::SimPhotonsLite
- sim::AuxDetSimChannel
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Detector simulation

® TPC simulation

- LAr volume split into “voxels” (3-D pixels) >~

« 0.3 mm is typical in current simulations *

- GEANT4 deposits energy in each voxel

Y/

- larg4:: LAr Voxel Readout Ny

Calculates number of electrons created by that energy deposition \

- Calculation performed by si m : 1 oni zati onAndSci nti | | ati on singleton
- Allows proper correlation between N electrons and photons
- Uses si m | SCal cul ati on abstract interface for the model

™~

Drifts cluster of electrons as if at center S Charge

Generates sequence of arrival times for each wire ~

- Includes effect of longitudinal and transverse diffusion -
Fills si m : Si nChannel with this (truth) information

~
~
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Detector simulation

® TPC simulation (cont'd)

- larg4::. QpDet Sensi ti veDet ect or

* Calculates number of photoelectrons at each PMT

- Uses sim::lonizationAndScintillation singleton to get correct N photons
- Performs a lookup that depends upon originating voxel, terminating PMT
 Does not perform a detailed arrival time calculation

- Time resolution is ~20 ns

e Fills si m: Si nPhot ons (tracks individual photon)
or si m: Si nPhot onsLite (only tracks N photons detected)

A comment about photon propagation calculation
« Have a slow method and a “fast” method
« Slow method tracks individual photons

 Fast uses phot: : PhotonVi si bilityService (inlarsi m Phot onPropagati on)

- Lookup table to determine probability of observing an isotropically produced photon
within a given voxel

- Can include effects of geometry, scattering, attenuation, quantum efficiency
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Detector simulation

e Auxiliary detector simulation

Geometry specifies N AuxDet Sensi ti veGeo per AuxDet Geo

GEANT4 deposits energy in each AuxDet Sensi ti veGeo
| ar g4: : AuxDet Reaout

« Stores information about the energy deposition in si m : AuxDet Si mChannel
« Adds it to the event

Details of how the detector turns that energy into digitized signals is
(currently) handled outside the simulation (e.g., in the simulation analysis)
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The detector response simulation

® The remaining steps are performed after GEANT4 is done

- Model charge / photon transport
effects not in the detector
simulation

-  Model DAQ response for given
input charge, detected photons

 May include triggers

- Digitize the final output signals

LArG4 SimPhoton

OptDetDigitizer

ChannelData

» Waveform generation
e Gains and pedestals
e Convert to ADC counts

Simulation of

OpticalFEM MicroBooNE Front
End Modules
FIFOChannel PMTTrigger
FEM buffers FEM trigger

OpticaDRAMReadout

OpticalRawDigit

(beam or cosmic)

Aug. 7, 2015 LArSoft event generation, simulation, event display

SimWire applies corrections for:
o Electric field
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The detector response simulation

® detsim:Si MNre module

Note: Typically held in experiment repositories with different name

« E.g., uboonecode/ uboone/ Det Si Ml Si MA reM cr oBooNE _nodul e. cc

« The code is nearly identical, so this separation is probably unnecessary...

- Simulates signal generation on a TPC wire

« Drift charge displacements due to electric field non-uniformities
* Field effects

- Raw signal induction due to motion of charge by / to wire
- Induced signals on neighboring wires

« Electronics effects: signal shaping, noise -

The detector-specifc parts...
_ _ - ...but changes to configuration
- Outputisraw : RawDi gi t might cover the differences

* Performs calculation in frequency space
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The detector response simulation

® (Optical detector response

- Highly detector-dependent, and changing rapidly
- Essentially no code in core LArSoft that handles optical response

 For MicroBooNE: uboonecode/uboone/OpticalDetectorSim/*
« For DUNE: I|bnecode/lbne/OpticalDetector/OpDetDigitizerLBNE_module.cc
DUNEOpDetResponse_service.cc
Derives from OQpDet Responsel nt erf ace 4 LBNE35tonOpDetResponse_service.cc

an art service interface class defined

in | arana/ Opt i cal Det ect or
(probably not the correct location...)

Will not go into further details here...
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The detector response simulation

® (Optical detector response (cont'd)
Code is in uboonecode/uboone/OpticalDetectorSim

...but can stroll through

the MicroBooNE example

UBOpticalADCSim _module.cc -

Waveform generation

OpticaIFEM_moduIe.cc >
Converts waveform to DAQ output format

needed for trigger simulation

OpticalDRAMReadout_module.cc
Converts DAQ format to
raw::OpticalRawDigit

Aug. 7, 2015

_LArG4 > SimPhoton
v
e Waveform generation
| OptDetDigitizer | ¢ Gains and pedestals
e Convert to ADC counts
ChanneiData SimWire applies corrections for:
J{ e Electric field
. . e Electronics shaping
Simulation of
OpticalFEM MicroBooNE Front
] End Modules LArG4 | SimChannel
[ ] J
FIFOChannel PMTTrigger \{ TriggerAlgo J_ﬁ SimWire
FEM buffers I IFEM trigger . ~ -
\ J! (beam or cosmic)
RawDigit

[ OpticalDRAMReadoutJ

y

OpticalRawDigit

LArSoft event generation, simulation, event display
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Running the generators and simulation
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Event generator example: prodsi ngl e

#i ncl ude "services_|l bne.fcl"

#i ncl ude "singles_|lbne.fcl"

#i ncl ude "I argeant nodul es_| bne. fcl "
#i ncl ude "detsi modul es_I| bne. fcl"

process_nane: SinglesGen
servi ces:

# Load the service that manages root files for histograns.

TFi |l eService: { fileNane: "single35t hist.root" }
Ti m ng: {}
RandonNunber Generator: {} #ART native random nunber generat or
user: @ ocal :: 1 bne35t _simul ati on_servi ces
}
#servi ces. user. Expt GeoHel perlInterface:
@ ocal :: 1 bne_geonetry_hel per

#servi ces. user. Ceonetry. GDM.: "I bne35t 4apa_v3. gdm "
#Start each new event with an enpty event.
sour ce:

nodul e_type: EnptyEvent

ti mestanmpPl ugi n: { plugin_type: "CeneratedEventTi mestanmp" }
maxEvent s: 1 # Nunmber of events to create
firstRun: 1 # Run nunber to use for this file
firstEvent: 1 # nunber of first event in the file

}
# Define and configure sone nodul es to do work on each event.
# First nodul es are defined; they are schedul ed | ater

# Modul es are grouped by type.
physi cs:
{

# define the producer and filter nodules for this
# path, order matters,
simulate: [ generator, |argeant, daq, rns, sincounter ]
# define the output stream

streaml: [ outl ]

# trigger _paths is a keyword and contains the paths that
# modi fy the art::event

trigger_paths: [simulate]

# end_paths is a keyword and contains the paths that do

# not nodify the art::Event,
end_pat hs: [ streaml]
}
# bl ock to define where the output goes.
out put s:
out 1:
nodul e_type: Root Cut put
fil eNane: "singl e35t _gen.root" #default file nane
}
}

Ibnecode/lbne/EventGenerator/prodsingle Ibne35t.fcl

pr oducers:
{
generator: @ocal::|bne35t_singlep
| argeant: @ocal::|bne35t | argeant
daq: @ ocal :: 1 bne35t _simire
rns: { nodul e_type: "RandomNunber Saver" }

si ncounter: @ocal:: 1 bne35t_ sinctounter

}
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Event generator example: prodsi ngl e

#i ncl ude "services_|l bne.fcl"

#i ncl ude "singles_|lbne.fcl"

#i ncl ude "I argeant nodul es_| bne. fcl "
#i ncl ude "detsi modul es_I| bne. fcl"

process_nane: SinglesGen

number service

servi ces:

# Load the service that mana root files for histograns.

Native art random

TFi | eService: { fil eNane: gl e35t _hist.root" }
Ti oa - 1
RandormN\unber Gener at or {} #ART native random nunber generat or
Lo A - @nr\'\l P | hnAOEi- _ni raal ot nn_r\nr W W_v-
oo
#servi ces. user. Expt GeoHel perlInterface:
@ ocal :: 1 bne_geonetry_hel per

#servi ces. user. Ceonetry. GDM.: "I bne35t 4apa_v3. gdm "
#Start each new event with an enpty event.
sour ce:

nodul e_type: EnptyEvent

ti mestanmpPl ugi n: { plugin_type: "CeneratedEventTi mestanmp" }
maxEvent s: 1 # Nunmber of events to create
firstRun: 1 # Run nunber to use for this file
firstEvent: 1 # nunber of first event in the file

}
# Define and configure sone nodul es to do work on each event.
# First nodul es are defined; they are schedul ed | ater.

# Modul es are grouped by type.
physi cs:
{

# define the producer and filter nodules for this
# path, order matters,
simulate: [ generator, |argeant, daq, rns, sincounter ]
# define the output stream

streaml: [ outl ]

# trigger _paths is a keyword and contains the paths that
# modi fy the art::event

trigger_paths: [simulate]

# end_paths is a keyword and contains the paths that do

# not nodify the art::Event,
end_pat hs: [ streaml]
}
# bl ock to define where the output goes.
out put s:
out 1:
nodul e_type: Root Cut put
fil eNane: "singl e35t _gen.root" #default file nane
}
}

Ibnecode/lbne/EventGenerator/prodsingle Ibne35t.fcl

pr oducers:
{
generator: @ocal::|bne35t_singlep
I argeant: @ocal::|bne35t_| argeant
daq: @ ocal :: 1 bne35t _simire
rns: { nodul e_type: "RandomNunber Saver" }
si ncounter: @ocal:: 1 bne35t_ sinctounter
}
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Event generator example: prodsi ngl e

#i ncl ude "services_| bne.fcl" # define the producer and filter nodules for this
#i ncl ude "singles_|lbne.fcl" # path, order matters, _
#i ncl ude "I argeant nodul es_| bne. fcl " sinmulate: [ generator, largeant, dag, rns, sincounter ]

#i ncl ude "detsi modul es_I| bne. fcl"

Defined in Ibnecode/lbne/Utilities/services_|bne.fcl

process_nane: SinglesGen

servi ces: # trigger _paths is a keyword and contains the paths that
# modi fy the art::event
oot files for histograns. trigger_paths: [simulate]

e35t _hist.root" }

# Load the service that manages
TFil eService: { fileNanme: "si

Ti m ng: {} # end_paths is a keyword and contains the paths that do

. # not nodify the art::Event,

user: @ ocal :: | bne35t _sinul ati on_servi ces }end_paths: [ streaml]
1
J
#servi ces. user. Expt GeoHel perlInterface:
@ ocal : : | bne_geonetry_hel per # bl ock to define where the output goes.
#servi ces. user. Ceonetry. GOM_: "I bne35t 4apa_v3. gdm " ?utputs:
#Start each new event with an enpty event. out 1:
sour ce:

nodul e_type: Root Cut put

nmodul e_t ype: Enpt yEvent fileNane: "singl e35t_gen.root" #default file name

ti mestanmpPl ugi n: { plugin_type: "CeneratedEventTi mestanmp" } }

maxEvent s: 1 # Nunber of events to create }

firstRun: 1 # Run nunber to use for this file

firstBEvent: 1 # nunber of first event in the file

}
# Define and configure sone nodul es to do work on each event.
# First nodul es are defined; they are schedul ed | ater

# Modul es are grouped by type.
physi cs:
{

Ibnecode/lbne/EventGenerator/prodsingle Ibne35t.fcl

pr oducers:
{
generator: @ocal::|bne35t_singlep
| argeant: @ocal::|bne35t | argeant
daq: @ ocal :: 1 bne35t _simire
rns: { nodul e_type: "RandomNunber Saver" }
si ncounter: @ocal:: 1 bne35t_ sinctounter
}
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...S0 look there and find:

lbne35t_simulation_services: @local::lbne35t_g4_services
# ncl ul Ibne35t_simulation_services.LArFFT: @local::Ibne35t_larfft
#inclu . . : - - : - . c
# el u lbne35t_simulation_services.SignalShapingServiceLBNE35t: @local::lbne35t_signalshapingservice
#inclu . . . T - a9 AN .
lbne35t_simulation_services.PhotonVisibilityService:  @local::lbne35t_photonvisibilityservice

proces . . .
e lbne35t_simulation_services.BackTracker: @local::lbne35t_backtracker

# Lo - —

TFi |l eService: { fileNane: " &gl e35t _hist.root" }

Ti m ng: {} # end_paths is a keyword and contains the paths that do

T B T e e # not nodify the art::Event,

user: @ ocal :: | bne35t _sinul ati on_servi ces I end_pat hs: [ streaml]
#services.user.ExpthoFblperlnterface:
@ ocal : : | bne_geonetry_hel per # bl ock to define where the output goes.
#servi ces. user. Ceonetry. GDM.: "I bne35t 4apa_v3. gdm " ?utputs:
#Start each new event with an enpty event. out 1:
sour ce:

nodul e_type: Root Cut put

nodul e_t ype: EnptyEvent fil eNane: "singl e35t _gen.root" #default file nane

ti mestanmpPl ugi n: { plugin_type: "CeneratedEventTi mestanmp" } }

maxEvent s: 1 # Nunber of events to create }

firstRun: 1 # Run nunber to use for this file

firstEvent: 1 # nunmber of first event in the file

}
# Define and configure sone nodul es to do work on each event.
# First nodul es are defined; they are schedul ed | ater.

# Modul es are grouped by type.
physi cs:
{

Ibnecode/lbne/EventGenerator/prodsingle Ibne35t.fcl

pr oducers:
{
generator: @ocal::|bne35t_singlep
I argeant: @ocal::|bne35t_| argeant
daq: @ ocal :: 1 bne35t _simire
rns: { nodul e_type: "RandomNunber Saver" }
si ncounter: @ocal:: 1 bne35t_ sinctounter
}
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#incl u Ibne35t_simulation_services.

...S0 look there and find:
Ibne35t_simulation_services:

local::lbne35t_g4_services
FT: @local::lbne35t_larfft

%l ﬂgiﬂ lbne35t_simulation_serye€s.SignalShapingServiceLBNE35t: @local::lbne35t_signalshapingservice
p'rzce: lbne35t_simulatigpsServices.PhotonVisibilityService:  @local::lbne35t_photonvisibilityservice
ser Ibne35t_g4_ser€c:es: @local::Ibne35t_gen_services
{ # Ibne35t_g4_services.LArG4Parameters: @local::lbne35t_largeantparameters
Ti Ibne35t_g4_services.LArVoxelCalculator: @local::lbne35t_larvoxelcalculator the paths that do

ug

h

#sel

@ o¢

Ibne35t_g4_services.PhotonVisibilityService: @local::lbne35t_photonvisibilityservice
Ibne35t_g4_services.OpDetResponselnterface: @local::lbne35t_opdetresponse

#servi ces. user. Ceonetry. GDM.: "I bne35t 4apa_v3. gdml " out puts:

#Start each new event with an enpty event. out 1:
sour ce:

nodul e_type: Root Cut put

nodul e_t ype: EnptyEvent fil eNane: "singl e35t _gen.root" #default file nane

ti

mest anpPl ugi n: { plugi n_type: "GeneratedEventTi nestamp" } }

maxEvent s: 1 # Nunmber of events to create }

fi
fi

F

HHHE

r st Run: 1 # Run nunber to use for this file
rstEvent: 1 # nunber of first event in the file

Defi ne and configure sone nodules to do work on each event.

rst nmodul es are defined; they are scheduled | ater.

Modul es are grouped by type.

physi cs:
{
T LEEr & Ibnecode/lbne/EventGenerator/prodsingle Ibne35t.fcl
{
generator: @ocal::|bne35t_singlep
I argeant: @ocal::|bne35t_| argeant
daq: @ ocal :: 1 bne35t _simire
rns: { nodul e_type: "RandomNunber Saver" }
si ncounter: @ocal:: 1 bne35t_ sinctounter
}
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...S0 look there and find:
Ibne35t_simulation_services:

local::lbne35t_g4_services

# ncl u IbNe35t_simulation_services. FT: @local::lbne35t_larfft

%l ﬂgiﬂ lbne35t_simulation_serye€s.SignalShapingServiceLBNE35t: @local::lbne35t_signalshapingservice
plrzce: Ibne35t_simulatigp~Services.PhotonVisibilityService:  @local::lbne35t_photonvisibilityservice

- Ibne35t_g4_ser€c:es: @local::Ibne35t_gen_services

# lbne35t_g4_services.LArG4Pgrameters: @local::lbne35t_largeantparameters

TH

Ti Ione35t_g4_services.LAr\ygkelCalculator: @local::Ibne35t_larvoxelcalculator the paths that do
E lbne35t ' e = em—isibilityservice
Yoot Ibne35t_gen_services: @Ilocal::Ibne35t_basic_services
o Ibne35t _ - >tresponse s,
Ibne35t_gen_services.MagneticField: @local::no_ma
#servi ces. use
{
#Start each new event with an enpty event. out 1:
sour ce:
nodul e_type: Root Cut put
nodul e_t ype: EnptyEvent fil eNane: "singl e35t _gen.root" #default file nane
ti mestanmpPl ugi n: { plugin_type: "CeneratedEventTi mestanmp" } }
maxEvent s: 1 # Nunber of events to create }
firstRun: 1 # Run nunber to use for this file
firstBvent: 1 # nunber of first event in the file
}
# Define and configure sone nodul es to do work on each event.
# First nodul es are defined; they are schedul ed | ater.
# Modul es are grouped by type.
physi cs:
{
T LEEr & Ibnecode/lbne/EventGenerator/prodsingle Ibne35t.fcl
{
generator: @ocal::|bne35t_singlep
I argeant: @ocal::|bne35t_| argeant
daq: @ocal :: 1 bne35t_simivre
rns: { nodul e_type: "RandomNunber Saver" }
si ncounter: @ocal:: 1 bne35t_ sinctounter
}
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...S0 look there and find:
Ibne35t_simulation_services:
Ibne35t_simulation_services.

local::lbne35t_g4_services

#i ncl u FT: @local::Ibne35t_larfft
%l ﬂgiﬂ Ibne35t_simulation_seryie€s.SignalShapingServiceLBNE35t: @local::lbne35t_signalshapingservice
p'rzce: Ibne35t_simulatigp~Services.PhotonVisibilityService:  @local::lbne35t_photonvisibilityservice
ser Ibne35t_g4_ser€c:es: @local::Ibne35t_gen_services
{ # Ibne35t_g4_services.LArG4Pgrdmeters: @local::lbne35t_largeantparameters
Ti Ibne35t_g4_services.LAr\dgkelCalculator: @local::Ilbne35t_larvoxelcalculator the paths that do
E lbne35t ' e e e isibility service
Yoot Ib Ibne35t_gen_services: @local::lbne35t_basic_services |
ool ne35t _ Magn/ _ ; stresponse s,
#services usei 10Ne35t_gen_services. eticField: @local::no_mag
#star| lbne35t_basic_services:
?ourc { pe: Root Qut put
nod "singl e35t _gen.root" #default file nane
tin ExptGeoHelperinterface: @local::lbne_geometry_helper
tir Geometry: @local::lbne35t_geo
) TimeService: @Iocal::Ibne35t_timeservice
% 2 DetectorProperties: @local::Ibne35t_detproperties
?h{\,’g? LArProperties: @local::Ibne35t_properties
or od DatabaseUtil: @local::lbne35t_database /EventGenerator/prodsingle_Ibne35t.fcl
{ SeedService: @Ilocal::lbne_seedservice
’a )
da
si|
: _
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...S0 look there and find:
Ibne35t_simulation_services:
#incl u Ibne35t_simulation_services.

#i ncl u

# ncl vl Ibne35t_simulation_sery

local::lbne35t_g4_services
FT: @local::lbne35t_larfft
s.SignalShapingServiceLBNE35t: @local::Ibne35t_signalshapingservice

z:;c: Ibne35t_simulatigp~Services.PhotonVisibilityService: ~ @local::lbne35t_photonvisibilityservice
ser Ibne35t_g4_ser€c:es: @local::Ibne35t_gen_services

{

# lbne35t_g4_services.LArG4Pgrameters: @local::lbne35t_largeantparameters

TH

Ti Ibne35t_g4_services.LAr\dgkelCalculator: @local::Ilbne35t_larvoxelcalculator the paths that do
E lbne35t ' e e e isibility service
Yoot Ib Ibne35t_gen_services: @local::lbne35t_basic_services |
el Ibne35t _ Magn/ _ ; stresponse s,
#services usei 10Ne35t_gen_services. eticField: @local::no_mag
#star| lbne35t_basic_services:
?ourc { pe: Root Qut put
"singl e35t _gen.root" #default file nane
tin ExptGeoHelperinterface: @local::lbne_geometry_helper
H Geometry: @local::lbne35t_geo
} TimeService: @Iocal::Ibne35t_timeservic
i 71 DetectorProperties: @local::lbne35t_detpl |hnecode/lbne/Geometry/geometry Ibne.fcl
fvel LArProperties: @local::Ibne35t_propertes
{ . .
or od DatabaseUtil: @local::lbne35t_database /EventGenerator/prodsingle_Ibne35t.fcl
{ SeedService: @Ilocal::lbne_seedservice
’a )
da
si
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lbne35t_geo: {
Name: "lbne35t4apa_v4"
50 look # Choose GDML file and set detector version similarly
lbne3st s GDML: "Ibne35t4apa_v4.gdml"”

#incl ul Ibne35t_s ROOT: "lbne35t4apa_v4.gdml"
ﬁ; ICiE Ibne3st s SortingParameters: { DetectorVersion: "lbne35t4apa_v4" } jnalshapingservice
et Ibne35t s SurfaceY: 0.0e2 # in cm, vertical distance to the surface jgjbjlityservice
Proges DisableWiresInG4: true —
ser Ibne35t_g4_}
' # Ibne3st g4 |

i h h h d

I( :Enegg"{_gil_ lbne_geometry_helper: { . {he paths that do
= 0N lbne service_provider : LBNEGeometryHelper i
Gel Ibne3st <
#services. use Ibne } —
#star |lbne35t_ba \
sourc

{ \ pe: Root Qut put
\ "singl e35t _gen.root" #default file nane

tin ExptGeoHelperinterface: @local::lbne_geometry_helper

H Geometry: @local::lbne35t_geo
} TimeService: @Iocal::Ibne35t_timeservic
i fr DetectorProperties: @local::lbne35t_detpl |hnecode/lbne/Geometry/geometry Ibne.fcl
fvel LArProperties: @local::Ibne35t_propertres
{ . .
pr od Database Uil @local::Ibne35t_database /EventGenerator/prodsingle_Ibne35t.fcl I
{ SeedService: @Ilocal::lbne_seedservice

'a )

da

si| .
}
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# in cm, vertical distance to the surface

jnalshapingservice
sibilityservice

To get the correct the paths that do

pe: Root Qut put

"singl e35t _gen.root" #default file nane

Ibnecode/lbne/Geometry/geometry Ibne.fcl

/EventGenerator/prodsingle_Ibne35t.fcl I

lbne35t_geo: {
Name: "lbne35t4apa_v4"
...SO |ookWer3ion similarly
Ibne35t & GDML: "lbne3stdapa_v4.gdml” > The geometry

sinciul Ibne3st s ROOT: "Ione35t4apa_v4.gdml"
e Ibne3s5t s SortingParameters: { DetectorVersion: "Ibne35t4apa_v4" }
Al bne3st s SurfaceY: 0.0e2
proces . . _
cerr Ibne35t_g4_ }DlsabIeW|resInG4. true
' # Ibne3st g4 |

:' :E::gg’f—gi‘— lbne_ge helper: { ChannelMapAlg
= IbfReservice_provider : LBNEGeometryHelper >
el Ibne35t
#services. use Ibne }
#star| Ibne35t_ba \
sourc { \

tin ExptGeoHelperinterface: \ @local::lbne_geometry_helper

H Geometry: @local::lbne35t_geo
} TimeService: @Iocal::lbne35t_timeser?c‘é\
% DT DetectorProperties: @local::Ibne35t_detpl
fvel LArProperties: @local::Ibne35t_propertes
{ DatabaseUtil: @local::lbne35t_database
{ "°¢ SeedService: @Ilocal::lbne_seedservice

1)
} SI _
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Event generator example: prodsi ngl e

#i ncl ude "services_|l bne.fcl"

#i ncl ude "singles_|lbne.fcl"

#i ncl ude "I argeant nodul es_| bne. fcl "
#i ncl ude "detsi modul es_I| bne. fcl"

process_nane: SinglesGen
servi ces:

# Load the service that manages root files for histograns.

TFi |l eService: { fileNane: "single35t hist.root" }
Ti m ng: {}
RandonNunber Generator: {} #ART native random nunber generat or
user: @ ocal :: 1 bne35t _simul ati on_servi ces
}
#servi ces. user. Expt GeoHel perlInterface:
@ ocal :: 1 bne_geonetry_hel per

#servi ces. user. Ceonetry. GDM.: "I bne35t 4apa_v3. gdm "

#St art _each new event with an emntv event
source:

Nunber of events
Run nunber to use for thls
nunber of first event in the file

naxEvents
firstRun: 1
firstEvent: 1

H* 3 H

}
# Define and configure sone nodul es to do work on each event.
# First nodul es are defined; they are schedul ed | ater.

# Modul es are grouped by type.
physi cs:
{

# define the producer and filter nodules for this
# path, order matters,
simulate: [ generator, |argeant, daq, rns, sincounter ]
# define the output stream

streaml: [ outl ]

# trigger _paths is a keyword and contains the paths that
# modi fy the art::event

trigger_paths: [simulate]

# end_paths is a keyword and contains the paths that do

# not nodify the art::Event,
end_pat hs: [ streaml]
}
# bl ock to define where the output goes.
out put s:
out 1:
nodul e_type: Root Cut put
fil eNane: "singl e35t _gen.root" #default file nane
}
}

EmptyEvent input module

Ibnecode/lbne/EventGenerator/prodsingle Ibne35t.fcl

pr oducers:
{
generator: @ocal::|bne35t_singlep
I argeant: @ocal::|bne35t_| argeant
daq: @ ocal :: 1 bne35t _simire
rns: { nodul e_type: "RandomNunber Saver" }
si ncounter: @ocal:: 1 bne35t_ sinctounter

}
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Event generator example: prodsi ngl e

#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude

"services_| bne.fcl"
"singles_|bne.fcl"

"l argeant nodul es_| bne. fcl"
"det si mmodul es_| bne. fcl "

process_nane: SinglesGen

servi ces:

# Load the service that manages root files for histograns.

# define the producer and filter nodules for this
# path, order matters,
simulate: [ generator, |argeant, daq, rns, sincounter ]
# define the output stream

streaml: [ outl ]

# trigger _paths is a keyword and contains the paths that
# modi fy the art::event
trigger_paths: [simulate]

TFi |l eService: { fileNane: "single35t hist.root" }
Ti m ng: {} # end_paths is a keyword and contains the paths that do
RandomNunber Generator: {} #ART native random nunber gener at or # not nodify the art::Event,
user: @ ocal :: | bne35t _sinul ati on_servi ces }end_paths: [ streaml]
}
#servi ces. user. Expt GeoHel per | nterface: ] ] ]
@ocal: : | bne_geometry_helper | The complete generation — simulation workflow pes:

#servi ces. user. Ceonetry. GOM_:

#Start each new event with an enpty ev
sour ce:

nodul e_type: EnptyEvent

ti mestanpPl ugi n: { plugin_type: "Gen
maxEvent s: 1 # Nunber of
firstRun: 1 # Run nunbe

firstEvent: 1

}

# Define and configure sone nodul es
# First nodul es are defined; they
# Modul es are grouped by type.
physi cs:
{

Generator = SingleGen
Then:
LArG4
SimWireLBNE35t

#default file nane

# nunber of f}

st event in the file

o do work on each event.
e scheduled | ater.

Ibnecode/lbne/EventGenerator/prodsingle Ibne35t.fcl

pr oducer s:
1
generator: @ocal::|bne35t_singlep
| argeant: @ocal::|bne35t | argeant
daq: @ ocal :: 1 bne35t _simire
rns: { nodul e_type: "RandomNunber Saver" }

si ncount er:

@ ocal : : |1 bne35t si ntounter
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Event generator example 2: GENIE

#i ncl ude "ervices_m croboone. fcl"

#i ncl ude "genie_mni croboone. fcl"

#i ncl ude "rgeant nodul es_mi croboone. fcl"

#i ncl ude “tsi modul es_mi croboone. fcl"
#include “triggersi mnmncroboone.fcl"

#i ncl ude “optical detectorsi mm croboone.fcl"
#i ncl ude “ntcheat ernodul es. fcl"

process_nane: GCeni eCen
servi ces

# Load the service that manages root files for histograns.

TFi |l eService: { fileNane: "genie_hist_uboone.root" }

Ti m ng: {}

RandonmNunber Generator: {} # ART native random nunber generator
user: @ ocal :: m croboone full _services

}

servi ces. user. BackTracker: @ ocal:: n croboone_backt racker

#Start each new event with an enpty event.
sour ce:

{

nmodul e_type: EnptyEvent

tlnestainlugln { plugin_type: "GCeneratedEventTi nestanp" }
maxEvent s: # Nunmber of events to create
firstRun: 1 # Run nunber to use for this file
firstEvent: 1 # nunmber of first event in the file

}

# Define and configure sone nodules to do work on each event.
physi cs:
{

anal yzers:
{
| ar gana: @ ocal : : m croboone_| ar geant ana
# define the producer and filter nodul es for this path
# filters reject all following itens. see lines starting
# physi cs. producers bel ow
simul ate: [ generator, |argeant, backtrack, optdigitizer,
optfem triggersim optreadout, daq ]

anal yzelt: [ largana ]

# define the output stream
# if using filters

streaml: [ outl ]

t here coul d be nore than one

# trigger paths is a keyword and contains the paths that
# nmodi fy the art::event,

#ie filters and producers

trigger_paths: [sinulate]

# end_paths is a keyword and contains the paths that do

# not nodify the art::Event,

end_pat hs: [anal yzelt, streaml]
}
#bl ock to define where the output goes. if you defined a
# filter in the physics block and put it in the

# trigger_paths then you need to put a

# Sel ect Events: {SelectEvents: [XXX]} entry in the output
# stream you want those to go to, where XXX is the | abel

# of the filter nodul e(s)
out put s:
{
out 1:
nodul e_t ype: Root Qut put
fil eNane: "geni e_gen_uboone. root" #default file nane,
}
}

uboonecode/uboone/EventGenerator/prodgenie_uboone.fcl

pr oducer s:

{
gener at or: @ ocal : : m croboone_geni e_si npl e
| ar geant : @ ocal : : m croboone_| ar geant
backt r ack: @ ocal : : st andar d_backt racker | oader
optdigitizer: @ocal::mcroboone optical adc_sim
opt fem @ ocal : : m croboone_optical _femsim
triggersim @ ocal : : ubtrigger_singlep
opt r eadout : @ ocal : : m croboone_optical _dram readout _sim
dagq: @ ocal :: m croboone_simire
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#i
#i
#i
#i
#i
#i
#i

ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude

Event generator example 2: GENIE

"ervi ces_mni croboone. fcl"
"geni e_m croboone. fcl"

"rgeant nodul es_mi cr oboone. fcl "

“t si mmodul es_m cr oboone. fcl "
“triggersimmcroboone.fcl"
"optical det ect orsi m ni cr oboone. fcl"

“nmccheat er nodul es. fcl

process_nane: GCeni eCen

servi ces

# Load the service that
TFi | eSer vi ce

Ti m ng:

{}

@ocal ::

anal yzers:

| ar gana: @ ocal : : m croboone_| ar geant ana

# define the producer and filter nodules for this path

Defined in uboonecode/uboone/Utllltles/sewlces mlcroboone fcl

managesr oot files for histograns.

{ fileNane: "gegye hi st uboone.root" }

m cr oboone full _services

Servi ces. user.

BackTr acker :

@ ocal : : m croboone_backt racker

#Start each new event with an enpty event.

# Nunmber of events to create
# Run nunber to use for this file

# nunmber of first event in the file

Defi ne and configure sone nodul es to do work on each event.

nm cr oboone_geni e_si npl e
nm cr oboone_| ar geant

: st andar d_backt r acker | oader

m cr oboone_optical _adc_sim

nm cr oboone_optical _fem sim

ubt ri gger _si ngl ep

nm cr oboone_opti cal _dram readout _si m
nm cr oboone_si mnire

sour ce:
{
nmodul e_type: EnptyEvent
tlnestainlugln { plugin_type:
maxEvent s:
firstRun: 1
firstBvent: 1
}
#
physi cs:
{
pr oducers:
{
gener at or : @ ocal ::
| ar geant : @ ocal ::
backtrack: @ ocal :
optdigitizer: @ocal::
optfem @ ocal ::
triggersim @ ocal ::
opt r eadout : @ ocal ::
daq: @ocal ::
}

" Cener at edEvent Ti nest anp" }

oot = gorTeT e oy ST ToroTY T T g =T

optfen1 triggersim optreadou daq ]
anal yzelt: [ largana ]
# define the output stream there could be nore than one
# if using filters
streaml: [ outl ]

# trigger paths is a keyword and contains the paths that
# nmodi fy the art::event,

#ie filters and producers

trigger_paths: [sinulate]

# end_paths is a keyword and contains the paths that do
# not nodify the art::Event,
end_pat hs: [anal yzelt, streandl]

}
#bl ock to define where the output goes. if you defined a
# filter in the physics block and put it in the

# trigger_paths then you need to put a

#

Sel ect Events: {Sel ectEvents: [XXX]} entry

in the output
i h

n
# stream you want those to go to, where XXX is the |abel

# of the filter nodul e(s)

out put s:
{
out 1:
nodul e_t ype: Root Qut put
fil eNane: "geni e_gen_uboone. root" #default file nane,
}
}

uboonecode/uboone/EventGenerator/prodgenie_uboone.fcl
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Event generator example 2: GENIE

5 for this path
see lines starting

ck, optdigitizer

#i ncl ude "ervices m cr oboone. fcl" '
#i ncl ude "geni e_nm croboone. fcl" i i iliti I i
e ude gene e Defined in uboonecode/uboone/Utilities/services_microboone.fcl
#i ncl u¢ E— 2 .
finel U microboone_full_services: @Ilocal::microboone_simulation_services
#Mnelut microboone_full_services.BackTracker: @local::microboone_backtracker
pl’OCESb_IIdIIb‘. CETIT €T STIrurate. [ gerierator, 1drgedirnt, DdaCKUT
optfem triggersim optreadout, daq ]
servi ces: anal yzelt: [ largana ]

# Load the service
{ fi
{}

@ocal ::

TFi | eSer vi ce
Ti m ng:

m cr oboone full _services

# define the output stream there could be nore than one

root files for histograns. # if using filters
i st _uboone.root" } streaml: [ outl ]

# nmodi fy the art::event,

Servi ces. user.

#Start each new event with an enpty event.

BackTr acker :

#ie filters and producers

::m croboone_backt racker trigger_paths: [sinulate]

# trigger paths is a keyword and contains the paths that

# end_paths is a keyword and contains the paths that do

sour ce: # not nodify the art::Event,
{ end_pat hs: [anal yzelt, streandl]

modul e_type: EnptyEvent }

tlnestainlugln { plugin_type: "GCeneratedEventTi nestanp" }

maxEvent s: of events to create #bl ock to define where the output goes. if you defined a

firstRun: # Run nunber to use for this file # filter in the physics block and put it in the

firstEvent: of first event in the file # trigger_paths then you need to put a
} # Sel ect Events: {SelectEvents: [XXX]} entry in the output

# stream you want those to go to, where XXX is the | abel
# Define and configure sonme nodul es to do work on each event. # of the filter nodul e(s)
physi cs: out put s:
{ {
out 1:
pr oducers:
{ nmodul e_t ype: Root Qut put
gener at or : @ ocal : : m croboone_geni e_si npl e fil eNane: "geni e_gen_uboone. root" #default file nane,
| ar geant : @ ocal : : m croboone_| ar geant }
backt r ack: @ ocal : : st andar d_backt r acker | oader }
optdigitizer: @ocal::mcroboone optical adc_sim
optfem @ ocal : : m croboone_optical _femsim
Ulgaeial o @esel - HEE geer sl el e _ uboonecode/uboone/EventGenerator/prodgenie_uboone.fcl
opt r eadout : @ ocal : : m croboone_optical _dram readout _sim —
daq: @ ocal :: m croboone_simire
} 55




Event generator example 2: GENIE

#i ncl ude "ervices_m croboone. fcl"

eIl e Oze i o otoons. i . : :
ﬁg gg: e g ey ohoone. f el oone. 1o D€fined in uboonecode/uboone/Utilities/services_microboone.fcl
i nc u-l (T3S H PN P | - I £ L n y h

#lne! U microboone_full_services:
#Minclut microboone_full_services.BackTracks

@local::microboone_simulation_services | ¢4 tnis path
@local m|Croboone bathraCker see |ines starting

microboone_simulation_services: @Iocal::m|croboone_g4_serV|ces
microboone_simulation_services.LArFFT: @local::microboone_larfft
microboone_simulation_services.SignalShapingServiceMicroBooNE: @local::microboone_signalshapingservi
microboone_simulation_services.UBOpticalChConfig: @local::microboone_optical_ch_config
microboone_simulation_services.UBOpReadoutMap: @local::microboone_opreadoutmap
microboone_simulation_services.ExptGeoHelperinterface: @local::microboone_geometry_helper
{ end_pat hs: [anal'yzelt, streani]
modul e_type: EnptyEvent }
ti mest anpPl ugl n: { plugin_type: "GeneratedEventTi nestanmp" }
maxEvent s: # Nunber of events to create #bl ock to define where the output goes. if you defined a
firstRun: 1 # Run nunber to use for this file # filter in the physics block and put it in the
firstEvent: 1 # nunber of first event in the file # trigger_paths then you need to put a
} # Sel ect Events: {SelectEvents: [XXX]} entry in the output
# stream you want those to go to, where XXX is the | abel
# Define and configure sonme nodul es to do work on each event. # of the filter nodul e(s)
physi cs: ?ut put s:
out 1:
pr oducers: {
{ nmodul e_t ype: Root Qut put
gener at or : @ ocal : : m croboone_geni e_si npl e fil eNane: "geni e_gen_uboone. root" #default file nane,
| ar geant : @ ocal : : mi cr oboone_I ar geant }
backt r ack: @ ocal : : st andar d_backt r acker | oader }
optdigitizer: @ocal::mcroboone optical adc_sim
optfem @ ocal : : m croboone_opti cal “femsim :
Ulgaeial o @esel - HEE geer sl el e _ uboonecode/uboone/EventGenerator/prodgenie_uboone.fcl
opt r eadout : @ ocal : : m croboone_optical _dram readout _sim —

daq: @ ocal :: m croboone_simire

} 56



#i ncl u
#i ncl u
#i ncl u

#i ncl u¢

#i ncl u
#i ncl u
#i ncl u

Event generator example 2: GENIE

de "ervices_m croboone. fcl"

LSRRI ) e afonie. [ : : : :
R ) —— [’)eflned in ubooneco‘de/uboone/Ut|I|t|es/serV|ces_m|croboone.fcl
microboone_full_services: Qlocal::microboone_simulation_services ¢4 this path

see |ines starting

microboone_full_services.BackTracke# @Ilocal: mlcroboone backtracker

microboone_simulation_services: /@Iocal..mlcroboone_g4_serV|ces
MICT microboone_g4_services: < @local::microboone_g4_dark_services
m!cn microboone_g4_services.PhotonVisibilityService: @local::microboone_photonvisibilityservice
m!cn microboone_g4_services.LArProperties.ScintYield: 24000
MIC microboone_g4_services.LArProperties.ScintPreScale: ~ 0.01 # Prescale production by 0.01, correc
T'Cr‘ # MUST match between g4 and detsim
m¢ microboone_g4_services.LArProperties.EnableCerenkovLight: false # Cerenkov light OFF by default
™ microboone_g4_services.LArG4Parameters.UseCustomPhysics: true
, "' microboone_g4_services.LArG4Parameters.EnabledPhysics: [ "Em",
4 Def "FastOptical",
phys! "SynchrotronAndGN",
pr o¢ "Ion",
{ gt "Hadron",
gr "Decay"”,
of "HadronElastic",
o "Stopping",

"NeutronTrackingCut" ]




#i ncl ude "ervices_m croboone. fcl"

#i ncl ude "genie_mni croboone. fcl"

#i ncl ude "rgeant nodul es_ni croboone. f cl
(TS H Al - |29 £ L n

Event generator example 2: GENIE

#i ncl u¢

#lne! U microboone_full_services:
microboone_full_services.BackTracks

#i ncl u

@Iocal: mlcroboone backtracker

microboone_simulation_services: /@Iocal::mlcroboone_g4_serV|ces

Defined in uboonecodé/uboone/UtiIities/services_microboone.fcl

@local::microboone_simulation_services | ¢4 tnis path

see lines starting

micrt
micrt
micrt
micrt
micr

microb
microb
microb

i )
2 microb

M microb
} ' microb

microboone_g4_services: /@Iocal ::microboone_g4_dark_services

A . ™1 1 1 1 . 1 1 1 . LI Ll LR

microboone_g4_dark_services: @local::microboone_gen_services
microboone_g4_dark_services.LArG4Parameters: @local::microboone_largeantparam
eters

microboone_g4_dark_services.LArVoxelCalculator: @local::microboone_larvoxelcalcu
lator

microboone_g4_dark_services.LArG4Parameters.KeepEMShowerDaughters: true
microboone_g4_dark_services.LArG4Parameters.StoreTrajectories: true
microboone_g4_dark_services.LArG4Parameters.UseModBoxRecomb: true

correc

ult

J 7

"lon",

"Hadron",

"Decay",
"HadronElastic",
"Stopping",
"NeutronTrackingCut" ]




#i ncl ude "ervices_m croboone. fcl"

#i ncl ude "genie_mni croboone. fcl"

#i ncl ude "rgeant nodul es_ni croboone. f cl
(TS H Al - |29 £ L n

Event generator example 2: GENIE

Defined in uboonecodé/uboone/UtiIities/services_microboone.fcl

#i ncl u¢

#lne! U microboone_full_services:
microboone_full_services.BackTracks

#i ncl u

@Iocal: mlcroboone backtracker

@local::microboone_simulation_services | ¢4 tnis path

see lines starting

microboone_simulation_services: /@Iocal::mlcroboone_g4_serV|ces
m!cn microboone_g4_services: /@Iocal :microboone_g4_dark_services
mICr‘ miCrob A b ™l 1 1 1%¢ ~ 1 1 1 1 'R "1 "1"4g
micr el microboone_g4_dark_services: local::microboone_gen_services
mic= raineahanna ~d dads oo ' =misroboone_largeantparam
: : i : : correc
= microboone_gen_services: @Iocal..m|croboone_ba3|c_serV|ces
] microboone_gen_services.MagneticField: @local::no_mag roboone_larvoxelcalcu
,“”; ITIcrop |ator iUlt
1 microb| _
fi1 microb microboone_g4_dark_services.LArG4Parameters.KeepEMShowerDaughters: true
} microboone_g4_dark_services.LArG4Parameters.StoreTrajectories: true
# Def . c
physi microboone_g4_dark_services.LArG4Parameters.UseModBoxRecomb: true
{ - :
pr oq "Ion",
{ " n
0 Hadron",
gr "Decay",
of "HadronElastic",
o "Stopping",
} "NeutronTrackingCut" ]




Event generator example 2: GENIE

#i ncl ude
#i ncl ude
#i ncl ude

"ervi ces_mni croboone. fcl"

"geni e_m croboone. fcl"
"r geant nodul es_ni croboone. fc
(TS H Al - |29 £ L n

Defined in uboonecodé/uboone/UtiIities/services_microboone.fcl

#i ncl u¢
#i ncl u
#i ncl u
#i ncl u

microboone_full_services:

microboone_full_services.BackTracks

alocal::microboone_simulation_services
@Iocal: mlcroboone backtracker

5 for this path
see lines starting

microboone_simulation_services:

A@Iocalz:mlcroboone_g4_serV|ces

Bl

m!cr' microboone_g4_services: /@Iocal :microboone_g4_dark_services
mICr‘ miCrOb A b ™l 1 i 1 1%¢ ~ . 1 1 bd 1 1 'R "1 "1"4g
micr el microboone_g4_dark_services: local::microboone_gen_services
mic= raineahanna ~d dads oo ' =misroboone_largeantparam
: : i : : correc
= microboone_gen_services: local::microboone_basic_services
ey TTIIGTOD - microboone_basic_services: ault
: ato
™ microb( " {
il mic _ . rs: true
) microb mic ExptGeoHelperinterface: @local::microboone_geometry_helper
# Def .| Geometry: @local::microboone_geo
hysi mic : . : 2
e DetectorProperties: @local::microboone_detproperties
o LArProperties: @local::microboone_properties
g DatabaseUtil: @local::microboone_database
g: TimeService: @local::microboone_timeservice
of SpaceCharge: @local::microboone_spacecharge
o SeedService: @local::microboone_seedservice
} }




#i ncl
#i ncl

microboone_geometry_helper:

{

service_provider : UBooNEGeometryHelper

X

Get the correct ChannelMapAlg

icroboone.fcl

#i ncl .
#i ncl u
#i ncl u
#i ncl u
#i ncl u

o

~

LR A

OO T 1T Ul URUUITes T wUT

A
AR | [N £ Al 1 ¥ N

hl

microboone_full_services:
microboone_full_services.BackTracks

alocal::microboone_simulation_services
@Iocal: mlcroboone backtracker

5 for this path
see lines starting

A@Iocalz:mlcroboone_g4_serV|ces

m!crn microboone_g4_services: “)(@Iocal :microboone_g4_dark_services
m!Cr‘ miCrob A b ™l 1 i 1 1%¢ ~ . 1 1 . 1 1 'R "1 "1"4g
micr{ icrob microboone_g4_dark_services: local::microboone_gen_services
mic= raineahanna ~d dads oo ' =misroboone_largeantparam
: : i : : correc
= microboone_gen_services: local::rgicroboone_basic_services
ey TTIIGTOD - microboone_basic_services: ault
: ato
™ microb( " {
il mic _ . rs: true
) microb mic ExptGeoHelperinterface: @local::microboone_geometry_helper
# Def .| Geometry: @local::microboone_geo
hysi mic : . : 2
e DetectorProperties: @local::microboone_detproperties
o LArProperties: @local::microboone_properties
g DatabaseUlil: @local::microboone_database
g; TimeService: @local::microboone_timeservice
of SpaceCharge: @local::microboone_spacecharge
o SeedService: @local::microboone_seedservice
} }




microboone_geometry_helper:

{

service_provider : UBooNEGeometryHelper

#i ncl .
ﬁi Eé: microboone_geo: yboone fcl
#i ncl u¢
i _ o .
el SurfaceY: 6.9e2 #in cm, vertical distance to the surface ﬁlglsss{ogm g
I ncl u
.M Name: "microboonev7" o
microboo  GDML: "microboonev7.gdml" Set the geometry
micrt . ROOT: "microboonev7.gdml"
mic . . : :
micrt . DisableWiresInG4: true ‘ # Whether to use wirefree geometry in LArG
mIC UV . AR . . .
micr el microboone_g4_dark_services: local::microboone_gen_services
mic- maicrahanna ad dagl_con _ — L=misroboone_largeantparam correc
= microboone_gen_services: local::n\icroboone_basic_services
H i II\E:I'\II'J' ﬂv\lr\ nl--nr\ |a'a¥aVal
t~ microboone_¢~~ C rvoxelcalcu
froy TIICTOD - microboone_basic_services: ault
o microb mic { 'S frue
) fI1 microbi " ExptGeoHelperinterface: @local::microboone_geometry_helper |
mic .
# Def .| Geometry: @local::microboone_geo
hysi mic : . : 2
e DetectorProperties: @local::microboone_detproperties
o LArProperties: @local::microboone_properties
g DatabaseUlil: @local::microboone_database
g; TimeService: @local::microboone_timeservice
of SpaceCharge: @local::microboone_spacecharge
o SeedService: @local::microboone_seedservice
} }




#i
#i
#i
#i
#i
#i
#i

process_nane: GCeni eCen

Event generator example 2: GENIE

ncl ude "ervices_mi croboone. fcl" anal yzers:
ncl ude "geni e_m croboone. fcl " {
ncl ude "rgeant nodul es_mi cr oboone. fcl" | ar gana: @ ocal : : m croboone_| ar geant ana

nclude “tsimmodul es_m croboone. fcl"
nclude “triggersi mmcroboone.fcl"

nclude "optical detectorsi mm croboone.fcl"

define the producer and filter nmodules for this path

physi cs. producers bel ow

#

ncl ude “ntcheaternodul es.fcl" # filters reject all following items. see lines starting
#
s

imulate: [ generator, |argeant, backtrack, optdigitizer,
optfem triggersim optreadout, daq ]

servi ces: anal yzelt: [ largana ]
# define the output stream there could be nore than one
# Load the service that manages root files for histograns. # if using filters
TFi |l eService: { fileNane: "genie_hist_uboone.root" } streaml: [ outl ]
Ti m ng: {}
RandonmNunber Generator: {} # ART native random nunber generator # trigger paths is a keyword and contains the paths that
user: @ ocal :: m croboone full _services # nmodi fy the art::event,
} #ie filters and producers
servi ces. user. BackTracker: @ocal :: m croboone_backtracker trigger_paths: [sinulate]
#Start each new event with an enpty event. # end_paths is a keyword and contains the paths that do
sour ce: # not nodify the art::Event,
{ end pat hs: [anal vzelt. streamll
nmodul e_t
timestay Defined in uboonecode/uboone/EventGenerator/GENIE/genie_microboone.fcl
maxEvent s: F TNUITIPCT Ul  TVCIITS (U Grocatrc UT UGK T U UCTTIIC WITCT © UIIC UUl Ul Yuco. T you u fined a
firstRun: 1 # Run nunber to use for this file # filter in the physics block and put it in the
firstEvent: 1 # nunber of first event in the file # trigger_paths then you need to put a
} # Sel ect Events: {SelectEvents: [XXX]} entry in the output
# stream you want those to go to, where XXX is the | abel
# Define and configure sone\nmodul es to do work on each event. # of the filter nodul e(s)
physi cs: out put s:
{
out 1:
pr oducers:
nodul e_t ype: Root Qut put
gener at or : @ ocal : : m croboone_geni e_si npl e fil eNane: "geni e_gen_uboone. root" #default file nane,
. I..II;L,I UBJUUTIT ] }
backt r ack: @ ocal : : standar d_backt r acker | oader }
optdigitizer: @ocal::mcroboone optical _adc_sim
optfem @ ocal : : m croboone_optical _femsim
Ulgaeial o @esel - HEE geer sl el e _ uboonecode/uboone/EventGenerator/prodgenie_uboone.fcl
opt r eadout : @ ocal : : m croboone_optical _dram readout _sim —
daq: @ ocal :: m croboone_simire
} 63



microboone_genie_simple: @local::microboone_genie
microboone_genie_simple.FluxType: "simple_flux"
microboone_genie_simple.FluxFiles:
['uboonebeam/bnb_gsimple_fluxes_02.28.2014_470/gsimple_microboone-470-onaxis_mc_nu_dummy_ntrd_*.root"] H]. ng
microboone_genie_simple.EventsPerSpill: 0 .
microboone_genie_simple.POTPerSpill: 5e12
one
microboone_genie: @local::standard_genie
- - 1 T t hat
microboone_genie.BeamName: booster
microboone_genie.GlobalTimeOffset: 1.6e6 #microboone reads out 1.6ms before the spill
#Start each new event with an enpty evy # end_paths is a keyword and contains the paths that do
sour ce: # not nodify the art::Event,
{ end pat hs: [anal vzelt. streamll
nmodul e_t
timestay Defined in uboonecode/uboone/EventGenerator/GENIE/genie_microboone.fcl
maxEvent s: F TNUITIPCT Ul  TVCIITS (U Grocatrc FIUT UGCK (U UCTTITC VIITCT © CT1TC UUl Put uTS: 1 vu—ucf i ned a
firstRun: 1 # Run nunber to use for this file # filter in the physics bl ock ;nd gut it |n{he
firstEvent: 1 # nunber of first event in the file # trigger_paths then you need to put a
} # Sel ect Events: {SelectEvents: [XXX]} entry in the output
# stream you want those to go to, where XXX is the | abel
# Define and configure sone\nmodul es to do work on each event. # of the filter nodul e(s)
?hysi CSs: out put s:
out 1:
pr oducers:
nmodul e_t ype: Root Qut put
gener at or : @ ocal : : m croboone_geni e_si npl e fil eNane: "geni e_gen_uboone. root" #default file nane,
backt r ack: @ocai ;{ ;hagrgibéckt racker | oader }}
optdigitizer: @ocal::ncroboone optical _adc_sim
optfem @ ocal : : m croboone_optical _femsim :
triggersim  @ocal::ubtrigger_singlep _ uboonecode/uboone/EventGenerator/prodgenie _uboone.fcl
opt r eadout : @ ocal : : m croboone_optical _dram readout _sim —
} daq: @ ocal :: m croboone_simire 64




microboone_genie_simple: @local::microboone_genie
microboone_genie_simple.FluxType: "simple_flux"
microboone_genie_simple.FluxFiles:
['uboonebeam/bnb_gsimple_fluxes_02.28.2014_470/gsimple_microboone-470-onaxis_mc_nu_dummy_ntrd_*.root"] H]. ng
microboone_genie_simple.EventsPerSpill: 0 .
microboone_genie_simple.POTPerSpill: 5e12 _ _
In larsim/EventGenerator/GENIE/genie.fcl one
microboone_genie: Q@Ecal::standard_gen@
- - H W t hat
microboone_genie.BeamName: booster
microboone_genie.GlobalTimeOffset: 1.6e6 #microboone reads out 1.6ms before the spill
#Start each new event with an enpty evy # end_paths is a keyword and contains the paths that do
sour ce: # not nodify the art::Event,
{ end pat hs: [anal vzelt. streamll
nodul e_t
timestay Defined in uboonecode/uboone/EventGenerator/GENIE/genie_microboone.fcl
maxEvent s: F TNUITIPCT Ul  TVCIITS (U Grocatrc FIUT UGCK (U UCTTITC VIITCT © CT1TC UUl Put uTS: 1 vu—ucf i ned a
firstRun: 1 # Run nunber to use for this file # filter in the physics bl ock ;nd gut it |n{he
firstEvent: 1 # nunber of first event in the file # trigger_paths then you need to put a
} # Sel ect Events: {SelectEvents: [XXX]} entry in the output
# stream you want those to go to, where XXX is the | abel
# Define and configure sone\nmodul es to do work on each event. # of the filter nodul e(s)
?hysi CSs: out put s:
out 1:
pr oducers:
nmodul e_t ype: Root Qut put
gener at or : @ ocal : : m croboone_geni e_si npl e fil eNane: "geni e_gen_uboone. root" #default file nane,
backt r ack: @ocai ;{ ;ha};;}a}:backt racker | oader }}
optdigitizer: @ocal::ncroboone optical _adc_sim
optfem @ ocal : : m croboone_optical _femsim :
triggersim  @ocal::ubtrigger_singlep _ uboonecode/uboone/EventGenerator/prodgenie _uboone.fcl
opt r eadout : @ ocal : : m croboone_optical _dram readout _sim —
} daq: @ ocal :: m croboone_simire 65




Event generator example 2: GENIE

#i ncl ude "ervices_m croboone. fcl" anal yzers:
#i ncl ude "genie_mni croboone. fcl" {
#i ncl ude "rgeant nodul es_mi croboone. fcl" | ar gana: @ ocal : : ni croboone_| ar geant ana

#i ncl ude “tsi modul es_mi croboone. fcl"

#include “triggersi mnmncroboone.fcl"

#include ”optical detectorsi mnicroboone. fcl" # define the producer and filter nodul es for this path

#i ncl ude “ntcheaternmodul es.fcl" # filters reject all following itens. see lines starting
# physi cs. producers bel ow
simul ate: [ generator, |argeant, backtrack, optdigitizer,

optfem triggersim optreadout, daq ]
servi ces: anal yzelt: [ largana ]
# dafing the output stream there could be nore than one

process_nane: GCeni eCen

a%ry The event generation and simulation workflow: |9 4t5'T
Ti m ng:
RandoniNurr GENlEGen mOdU|e or _paths is a keyword and contai ns the paths that
user: the art::event,
} _ LArG4 mOdU|e ers and producers
servi ces. us UBOptICG'ADCSIm module paths: [simulate]
;:(?L?::é: each OptlcaIFEl\/I mOdU|e ;;cjlhfsyl fhg Ig‘;e%/vmlrz\olleﬁ?d contains the paths that do
U auety  Trigger simulation (did not talk about this...) s lanalyzeit. streant]
ti mest anp -
maxEvent s OptlcalDRAMreadOUt mOdU|e » define where the output goes. if you defined a
firstRun: - i : in the physics block and put it in the
firstEven SImWIFGMlCrOBOONE mOdU|e _paths then you need to put a
} # Selrectevents: {SelectEvents: [XXX]} entry in the output
# stream you want those to go to, where XXX is the |abel
# Define and configuye sone nodul es to do work on each event. # of the filter nodul e(s)
physi cs: out put s:
out 1:
pr oducer s: {
4 nmodul e_t ype: Root CQut put
gener at or : @ ocal : : m croboone_geni e_si npl e fil eNane: "geni e_gen_uboone. root" #default file nane,
| ar geant : @ ocal : : m croboone_| ar geant }
backt r ack: @ ocal : : standar d_backt r acker | oader }
optdigitizer: @ocal::mcroboone_optical _adc_sim
optfem @ ocal : : nmi croboone_optical _femsim :
Ulgaeial o @esel - HEE geer sl el e _ uboonecode/uboone/EventGenerator/prodgenie_uboone.fcl
opt r eadout : @ ocal : : m croboone_optical _dram readbut _sim —
dag: @ ocal : : m croboone_si mM re

(o _
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Summary

® Provided a broad overview of event generation and simulation
infrastructure in LArSoft

® Introduced geometric and other classes needed to specify
detector properties using shared interfaces

e Showed two examples of running event generators and
simulation within LArSoft
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SIMULATIONS
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For comparison with MiniBooNE

Particle “gun”
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Detector simulation

~™ MCParticle Primary and secondary detector tracks

For each track:

Track ID
PDG code

(xy.z.t)
(PxsPysP,-E)

Event
Generator
' v
MCTruth ‘)[ LArG4 ]—> SimChannel Electron clusters drifted to wires
,__.....................................--------"'l;oreaChduster:
GASIEPS ....ueensrenerse ™" (x,y2,)
charge
Drift calculated TDC channel
within LArG4,
not using G4
ouines. | AL
» SimPhoton Optical photons in PMTs
From W Seligman
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Simulation task workflow

Detector response and digitization

LAG4 > SimPhoton

v
e Waveform generation
OptDetDigitizer | * Gains and pedestals

e Convert to ADC counts

/

ChannelData

SimWire applies corrections for:
e Electric field
e Electronics shaping

Simulation of
OpticalFEM MicroBooNE Front

End Modules ' LArG4 —| SimChannel
4
A 4 L 4 4 N
FIFOChannel PMTTrigger ‘{ TriggerAlgo J—~> SimWire
FEM buffers FEM trigger - g
VL (beam or cosmic) A
RawDigit
OpticalDRAMReadout
N
OpticalRawDigit
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