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OB S Repository - T

Introduction to GANuM| s o .

« Checking out, building, and running g4numi:

« Minerva branch:

« Numix branch:

« Repository:

B | Revision: | Repositories

size Main repository
fluka
fluka_numi
g4hadstudies

m~Amiimnl Eliimn

https://cdcvs.fnal.gov/redmine/projects/numi-beam-sim/repository/g4numisutf8=v &rev=Minerva

 G4NuMI is based on geant4 9.2 patch 3.

« G4NuMI is suitable for large number of POT. And we
can submit a large number of jobs on grid.

2/25/21

Yiding Yu | Muon monitor simulation

======== EXECUTING g4numi ========
g4numi_g4numi.mac
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Geant4 version Name: geant4-09-02-patch-03 (29-January-2010)
Copyright : Geant4 Collaboration
Reference : NIM A 506 (2003), 250-303
WWW : http://cern.ch/geant4
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https://cdcvs.fnal.gov/redmine/projects/minerva-sw/wiki/Flux_MC_Production
https://cdcvs.fnal.gov/redmine/projects/numi-beam-sim/wiki/How_to_build_the_Geant4_code

Introduction to muon monitor simulation

* The work of Tyler in 2019:
https://cdcvs.fnal.gov/redmine/projects/numi-beam-sim /wiki/Muon_Monitors_g4numi
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 Procedure muon monitor simulation: S Miaooos

« Generate files in the format g4numivé_*.root.(g4numi) ﬂ%

« Convert the neutrino .root files back to their -
muon parent particles. §
« Generate the muons based on their parent particles and M

] - z decay popy

- decay podpz
n e U 1T| n OS . 3 decay ppdxdz
& decay ppdydz

* Feed those muons into g4numi so we can simulate the particles at the s oo

& decay ppenergy
M 3% decay ppmediurm

m O n I -I-O rs . - & decay ptype

- % decay muparp:

- 3 decay muparpy

- 3% decay muparpz

-3 decay mupare

-3 decay necm

-3k decay nimput
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nuZ2mubatch.C

« Location:
g4numi/dk2nu_local/src/nu2mubatch.C

« How to generate muons:
1. Get decay branch of dk2nu(g4numivé_*.root)
2. For certain detector location, generate the muons

evtno = dkZnu->potnum;
muvx = dkZnu->decay.vx;
muvy = dkZnu->decay.vy;

muvz = dkZnu->decay.vz;

mupx = (Float_t)(dk2nu->decay.pdpx - dkZnu->nuray[?].px);
mupy = (Float_t)(dk2nu->decay.pdpy - dkZnu->nuray[?].py);
mupz = (Float_t)(dk2nu->decay.pdpz - dkZnu->nuray[?].pz);

3. The output of nu2mubatch.Cwill be muon_*.rootft files.



muon.mac in g4numi

« Location:
g4numi/macros/template_muon.mac

* Input the muon_*.root files from before into g4numi and output
hadmmNtuple_*.root files with data from the muon monitors.

/NuMI/run/useMuonBeam true

/NuMI/det/constructTarget false
/NuMI/det/applyDecayPipeMagneticField ture

/NuMI/run/KillTrackingThreshold @. GeV /NuML/det/update

/NuMI/run/useMuonInput true



=-T2 hadmmNtuple_test_01.root

& F{ hadmm:2
hadmmNtuple.root S Hnaammans
o
. evino: event number T ity
*  MUVX,Muvy,muvz: production position of muons § TP e
* MUPX.MuUpy,mupz. production momentum of muons B tvx
- muweights: weights of muons e
« tvx,tvy,tvz: position of the events exit the target T e
« tpx,tpy.tpz: momentum of events exit the target éﬁﬁﬁﬁiig;ype
« tpptype: paticle ID of events exit the target § nimpwt
*  PPVX,PPVY.ppVvz: production position of parent particles B ppvy
- pptype: parent particle ID T -
- ptype: particle ID L TaRpaw
* pgen: generation of particle | apa
«  mMmMxpPos[3]: x position of muons at MM1~3 ¥ pdpz
" % pptype
« mmypos[3]: Yy position of muons at MM1~3 - Exptype
«  mmpx[3]; xmomentum of muons at MM1~3 T B s
«  mmpy[3]: y momentum of muons at MM1~3 T e
« mmpz[3]: zmomentum of muons at MM1~3 § i
-3 mmpz[3]
% cell[3]
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hadmmNtuple.root

* nuray_px[13]: neutrino x momentum at 13 locations ~~~~~ 3 ruray_px[13]
. : : -3 nuray_py[13]

« nuray_py|[13]: neufrino y momentum at 13 locafions - §ynuray_pe(13]

* nuray_pz[13]: neutrino z momentum at 13 locations -3y ruray_E[13]

« nuray_E[13]: neutrino energy at 13 locations Penuray_wotl13]

« nuray_wgt[13]: neutrino wgt at 13 locations
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processG4NuMInuZmu.py

* This script do all the procedure at one step:
 Include g4numi and muon monitor simulation

* Opftions:
* You could change most of the beam parameters in this script
python processG4NuMInu2mu.py —h

Grid Options:

--outdir=0UTDIR Output flux histograms location. Default = /pnfs/miner
va/persistent/users/yyu/muonmonitor/hornoff/.

--n_jobs=N_JOBS Number of g4numi jobs. Default = 1.

--run_number=RUN_NUMBER
Tag on the end of outfiles. Doubles as random # seed.
Default = 1.

--pot=POT Number of protons on target to simulate. Default =
400000.

--filetag=FILETAG



2D-histograms at MMs

MM1

MM1

Entries 478516
Mean x -1.386
Meany 8.796
RMS x 535.4

simulation
There are 81 pixels at each The number on each
muon monitor pixel is the number of

muons hitting that area
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data

What we have for

muons

« Horizonal position

« Vertical position

« Momentum at MMs
iNX,yandz
directions

* Production
Momentum in x, y
and z directions

Signal voltage at MM
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Correlation between muons and neutrinos
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Different spectra for different pixels
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Beam scan simulation for different hornl z

position(MM1)

Horizontal

Horizontal target scan (MM1)

—— Default: y = -4.665(+/-0.241)*x + 0.111(+/-0.155)
—— Hornl+1lmm:y = -4.291(+/-0.392)*x + -0.051(+/-0.253)
—— Data: y = -4.794*x

o N

Horizontal beam position on MM1 (mm)
|
~

-1.00 -0.75 —-0.50 -0.25 0.00 0.25 0.50 0.75 1.00
Horizontal beam position on target (mm)

Vertical beam position on MM1 (mm)

20 A

15 A

101

Vertical

Vertical target scan (MM1)

—— Default: y = -9.15(+/-0.361)*x + 9.275(+/-0.233)
—— Hornl+1lmm:y = -9.581(+/-0.353)*x + 9.141(+/-0.228)
—— Data: y =-8.087*x + 9.0

-1.00 -0.75 -0.50 —-0.25 0.00 0.25 0.50 0.75 1.00
Vertical beam position on target (mm)

For MM1, horn1 z position do not affect muon signal much.
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Horizontal beam position on MM2 (mm)

Beam scan simulation for different hornl z
position(MM_2)

Horizontal Vertical

Horizontal target scan (MM2) Vertical target scan (MM2)
—— Default: y = 3.898(+/-0.322)*x + -0.475(+/-0.207) —— Default: y = -2.19(+/-0.44)*x + 15.678(+/-0.284)
—— Hornl+1lmm:y = 4.897(+/-0.776)*x + -0.384(+/-0.5) —— Hornl+1lmm:y = -3.34(+/-0.4)%x + 15.025(+/-0.258)
—— Data: y = 0.540%x 204 —— Data: y = -5.104*x + 15.0
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Horizontal beam position on target (mm) Vertical beam position on target (mm)

For MM2, both slopes are nit close to experiment data.
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Horizontal beam position on MM3 (mm)

Beam scan simulation for different hornl z
position(MM3)

Horizontal Vertical

. Vertical target scan (MM3)
Horizontal target scan (MM3)

—— Default: y = 4.901(+/-2.561)*x + 5.781(+/-1.654)
—— Hornl+1lmm:y = 4.709(+/-2.731)*x + 7.795(+/-1.769)
—— Data: y = 8.335*x + 6.0

—— Default: y = 4.309(+/-3.023)*x + -1.46(+/-1.959)
—— Hornl+1lmm:y = 8.559(+/-2.902)*x + -2.157(+/-1.883) 204
—— Data: y = 11.070*x
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absbkgtuple_t.cc

data_t.cc

dk2nu.cc

dkmeta.cc

draytupleMIB_t.cc
draytupleSPB_t.cc

Edep_t.cc

g4numiCint.cc

g4numiCint.h
hadmmtuple_t.cc
NA49Analysis.cc
NA49Config.cc
NA49DetectorConstruction.cc
NA49DetectorMessenger.cc
NA49EventAction.cc
NA49EventActionMessenger.cc
NA49PhysicslList.cc
NA49PhysicsListMessenger.cc
NA49PrimaryGeneratorAction.cc
NA49RunAction.cc

Geometry in g4numi

NA49StackingAction.cc
NA49TrackInfo.cc
NA49TrackingAction.cc
NtpMuon.cc
NumiAnalysis.cc
NumiBaffle.cc
NumiDataInput.cc
NumiDecayPipe.cc
NumiDecayPipeMagneticField.cc
NumiDetectorConstruction.cc
NumiDetectorMessenger.cc
NumiEventAction.cc
NumiHadronAbsorber.cc
NumiHornl.cc
NumiHorn2.cc
NumiHorns.cc
NumiHornSpiderSupport.cc
NumiImpWeight.cc
NumiMagneticField.cc
NumiMaterials.cc
NumiNOvATarget.cc

NumiNuWeight.cc
NumiParticleCode.cc
NumiPrimaryGeneratorAction.cc
NumiPrimaryMessenger.cc
NumiRunAction.cc
NumiRunActionMessenger.cc
NumiRunManager.cc
NumiSecMonitors.cc
NumiStackingAction.cc
NumiSteppingAction.cc
NumiTarget.cc
NumiTargetHall.cc
NumiTrackInformation.cc
NumiTrackingAction.cc
NumiTrajectory.cc
NumiVisManager.cc
ProdTuple_t.cc

target_exit_t.cc
TrackInfo_t.cc
zptuple_t.cc




numiDatalnput.cc

 For simple change Iin
geomerftry, you can
use the parameters in
numiDatalnput.cc.

TargetXo

TargetY0Q
TargetFinX@
TargetFinY0Q

TargetZ0
TargetDxdz

TargetDydz
TargetSLength
TargetSWidth
TargetSHeight
Target(CPGRadius
Target(CPGPosition
TargetEndRounded
TargetSegmentNo
TargetSegmentPitch
TargetA

TargetZ
TargetDensity
TargetRL
TargetGEANTmat

.
b
.
b

*cm;

fTargetZ@_ref;

’




Add commands in macros

 YOU can also use commands in

/NuMI/det/set/hornlPosition

mdcros TO Chdnge The geomeTry- /NuMI/det/set/horn2Position

/NuMI/det/set/bafflePosition
/NuMI/det/set/targetPosition

/NuMI/det/set/deltaQuterThickness 0.
/NuMI/det/set/duratekShift 4.5 m
/NuMI/det/set/thblockShift 4.5 m

/NuMI/det/set/baffleInnerRadius 6.5 mm




Change the geometry in detail

e If there is no command and

pOrOmeTerS -|-O ChOﬂge The { (NumiData->constructTarget)
geometry, we have to change C frorcaddidTarget> ConstriciNOvATargetys
the source file in detail. ConstructargetO; |

}

ConstructHadronAbsorber();
ConstructSecMonitors();




gdml file

* For Minerva branch:
we can not generate the gdml file

* For numix branch:

to extract a GDML file add the following lines to

the .mac file just before the /run/beamOn line:
/NuMI/output/GDMLref false

/NUMI/output/write GDML myfile.gdml




