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• Simulation of neutrino events: Genie to Geant4

• Containment studies of neutrino interactions

• Studies of event selection with MC truth-based pseudo-reconstruction



Simulation of neutrino events:

Genie to Geant4
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Felix Kling, et. al. 2105.08270
Github, Using Sibyll 2.3d

FLArE10, 620m downstream from IP, 3000/fb

Weidong Bai, et. al. 2112.11605
Figure 12, Table 5

eta > 6.9 (radius 1 m at a distance of 480 m from IP)

Luminosity
&
Geometry



Felix Kling, et. al.

Mean: 329.2 GeV

RMS: 372.4 GeV


Weidong Bai, et. al.

Mean: 256.6 GeV

RMS: 261.8 GeV

ντ
x Luminosity / 2

•  is predominantly produced by the charm decay  
and the subsequent tau decay• NLO perturbative evaluations of charm production using the 
PROSA PDFs

ντ Ds → τντ

http://arxiv.org/abs/2105.08270
https://github.com/KlingFelix/FastNeutrinoFluxSimulation
http://arxiv.org/abs/2112.11605
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Neutrino flux
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•  flux from two studies are very different
• Large uncertainties exist for the neutrino flux in the 

far-forward region at the LHC

ντ
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Cross section (up to 5 TeV) in GENIE
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This cross section is not promising when energy goes too high
Flux drops quickly after 4.8 TeV, but it’s not a big issue for energies lower than that for now
Recently GENIE updated a new package HEDIS, implementing high-energy cross section calculation and 
event generation modules (https://arxiv.org/pdf/2106.09381.pdf), which we can probably give it a try

https://scisoft.fnal.gov/scisoft/packages/genie_xsec/v3_00_06/ 
genie_xsec-3.00.06-noarch-G1802a00000-k250-e5000-resfixfix.tar.bz2

https://github.com/GENIE-MC/Generator/tree/master
https://arxiv.org/pdf/2106.09381.pdf
https://scisoft.fnal.gov/scisoft/packages/genie_xsec/v3_00_06/
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GENIE simulation: ντ
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Felix Kling, et. al. 2105.08270

Muon energy spectrum ντ → τ− → μ−

Mean: 146.0 GeV

RMS: 201.0 GeV
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http://arxiv.org/abs/2105.08270
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GENIE simulation: ντ
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Weidong Bai, et. al. 2112.11605
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http://arxiv.org/abs/2112.11605
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GENIE simulation: muon spectrum from tau decay
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ντ → τ− → μ−
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ντ → τ− → μ−
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Importing GENIE events to Geant4
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• Gean4 doesn’t know 
anything about GENIE 
formats (.ghep.root). 
What we’re doing now is 

- to link to GENIE libraries, 
so we can have a 
dictionary for the ROOT 
file format

- read in the event record 
and then loop over the 
particles in the event 
record
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100 GeV ντ
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• DIS CC 

•  + Ar40   + Ar39 + hadrSystντ → τ−

50

100

0
100 200

Y [cm]

Z [cm]300 400 500 600 700

τ− → ντ + ν̄e + e−

red: e-

blue: e+

cyan: proton

orange: pi+

violet: pi-

Exclude gamma/neutron



Containment studies
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Preliminary detector configuration
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LArTPC HadCal MuonFinder

LArTPC HadCal MuonFinder

Length (mm) 0 - 7000 7250 - 8300 8300 - 8660
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 in the detectorντ
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• Neutrino vertices are uniformly distributed in a 1x1x7 meter volume
• Neutrino energy/Interaction mode/FSL come from GENIE v3_00_06k

- Flux comes from Weidong Bai, et. al. 2112.11605

Final state tau energy
from  CCντ

http://arxiv.org/abs/2112.11605
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Energy containment in the LArTPC
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• The ratio of the energy deposited in the 
LArTPC to the neutrino energy
- The orange markers are the mean 

values and standard deviation as 
error bars

• Make transverse cuts for energy 
containment in different detector sizes
- |x| and |y| < 1.5, 1.25, 1.0, 0.75, 0.5 m

|x| and |y| < 1.5 m |x| and |y| < 1.25 m

|x| and |y| < 1.0 m |x| and |y| < 0.75 m |x| and |y| < 0.5 m
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Energy containment w/ the HadCal
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• The ratio of the energy deposited in the (LArTPC+HadCal) to the neutrino energy
- The orange markers are the mean values and standard deviation as error bars

• The hadCal can save loss energies for events happened in the downstream of the detector
- The containment becomes flat for both transverse cuts

|x| and |y| < 1.5 m |x| and |y| < 0.75 m
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HadCal Calibration
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• In order to reconstruct the energy deposited in the HadCal, we’ll need to calibrate it
- The energy deposited in HadCal is proportional to the energy recorded by HadCal (the scintillator)
- Good linearity

Zoom in
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 in the detectorνμ
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• Neutrino vertices are uniformly distributed in a 1x1x7 meter volume
• Neutrino energy/Interaction mode/FSL come from GENIE v3_00_06k

- Flux comes from Felix Kling, et. al. 2105.08270

Final state muon energy
from  CCνμ

http://arxiv.org/abs/2105.08270
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Energy containment in the LArTPC ( )νμ
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|x| and |y| < 1.5 m |x| and |y| < 1.25 m

|x| and |y| < 1.0 m |x| and |y| < 0.75 m |x| and |y| < 0.5 m

• The ratio of the energy deposited in the 
LArTPC to the neutrino energy
- The orange markers are the mean 

values and standard deviation as 
error bars

• Make transverse cuts for energy 
containment in different detector sizes
- |x| and |y| < 1.5, 1.25, 1.0, 0.75, 0.5 m
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 in the detectorνe
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• Neutrino vertices are uniformly distributed in a 1x1x7 meter FV
• Neutrino energy/Interaction mode/FSL come from GENIE v3_00_06k

- Flux comes from Felix Kling, et. al. 2105.08270

Final state electron energy
from  CCνe

http://arxiv.org/abs/2105.08270
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Energy containment in the LArTPC ( )νe
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|x| and |y| < 1.5 m |x| and |y| < 1.25 m

|x| and |y| < 1.0 m |x| and |y| < 0.75 m |x| and |y| < 0.5 m

• The ratio of the energy deposited in the 
LArTPC to the neutrino energy
- The orange markers are the mean 

values and standard deviation as 
error bars

• Make transverse cuts for energy 
containment in different detector sizes
- |x| and |y| < 1.5, 1.25, 1.0, 0.75, 0.5 m
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Current detector configuration in Geant4
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2 MuonFinder: 
50+1+1 cm
×

HadCal MuonFinderLArTPC

LArTPC HadCal MuonFinder

Length (mm) 0 - 7000 7250 - 8300 8300 - 9340

LArTPC: 1.8x1.8x7 m

x

y z

15 HadCal:

5+1+1 cm

×



Jianming Bian, Wenjie Wu (UCI)

Energy containment in the LArTPC
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1.8x1.8x7 m 3x3x7 m

• To verify the energy containment in the geometry 1.8x1.8x7
• The ratio of the energy deposited in the LArTPC to the neutrino energy

- The orange markers are the mean values and standard deviation as error bars
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Energy containment w/ HadCal
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1.8x1.8x7 m 3x3x7 m

• To verify the energy containment in the geometry 1.8x1.8x7
• The ratio of the energy deposited in the (LArTPC+HadCal) to the neutrino energy

- The orange markers are the mean values and standard deviation as error bars
• The hadCal can save loss energies for events happened in the downstream of the detector



Studies of event selection with MC 
truth-based pseudo-reconstruction 
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Signal and background
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10.1103/PhysRevD.102.053010

• Only considered beam neutrino background here
• Decay modes of the tau lepton

- : taus decay to electrons
- : taus decay to muons

- : taus decay to hadrons

τe
τμ

τhad
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Signal and background
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• Same amount of neutrino interactions were simulated for , , and  (10000 for each)
• To have proper percentages of the 3 flavor neutrinos, weights were applied based on the numbers below 

- 10 tons (1x1x7 m FV), 3000/fb luminosity of HL-LHC

νe νμ ντ



Wenjie Wu | Simulations of the FLArE Detector

Hadronic decay
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• Signal:  (taus decay to hadrons)
-  has larger branch ratio than  and , there is potential to be a good channel to select 

-  has at least one  in the final state 

τhad
τhad τμ τe ντ

τhad π−

10.1103/PhysRevD.102.053010



Wenjie Wu | Simulations of the FLArE Detector

Hadronic decay
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 CC, ντ τ− → π−ντ
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Hadronic decay
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• Neutrinos in the final state are invisible 
to the detector, contributing to the 
missing transverse momentum
- Almost all CC, CC have zero 

neutrino in the final state
- NC events and  have 1 neutrino, 

 and  have 2 neutrinos

νμ νe

τhad
τμ τe

 CCνμ

 CCνμ

 CCνμ

 and  CCνμ νe
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Hadronic decay

31

• Find the most energetic  shower of each event
-   generally has a more energetic  in the final state 

π−

τhad π−
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Hadronic decay

32

• Find the most energetic  shower of each event
- Search for showers around the leading 

π−

π−
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Hadronic decay
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• Find the most energetic  shower of each event
- Search for showers around the leading 

π−

π−
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GradientBoostingClassifier

34

• /others
• Training:Testing = 1:1
• Testing sample (scaled): 454.6 signal, 155,345.9 background
• Define FOM, find the optimum cut value is 0.83, with Nsig=122.8, Nbkg=192.3, FOM=6.92

τhad
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GradientBoostingClassifier
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leading_piminus_edep

third_closest_shower_to_leading_piminus_angle

Pt

second_closest_shower_to_leading_piminus_edep_frac

4th closest shower
3rd closest shower

2nd closest shower
1st closest shower
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GradientBoostingClassifier
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• Pt, leading_piminus_edep, angle and edep_frac of 4 showers
• Testing sample: 458.8 signal, 155,599.7 background
• The optimum cut value is 0.88, with Nsig=91.6, Nbkg=50.5, FOM=7.68
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Leptonic decay
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• Signal:  (tau decays to muon)

-  will leave a muon track in the detector, like  CC

τμ

τμ νμ

10.1103/PhysRevD.102.053010
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Leptonic decay

38
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Leptonic decay
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• /others
• Training:Testing = 1:1
• Testing sample: 149 signal, 156,033.5 background
• Define FOM, find the optimum cut value is 0.82, with Nsig=72.4, 

Nbkg=244.3, FOM=4.07

τμ
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Detector requirement
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• The event classifiers are trained based on MC truth information
• We can add smearing to the angle, deposited energy et.al, and then check how do they affect the classification 

capability. It should be able to provide some insight on the requirement of the detector
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Summary and next steps
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• With different transverse cuts, detector sizes with 3m - 2m width/height don’t show noticeable difference
• Currently use 1.8x1.8x7 m geometry

• With HadCal, energy loss for events happened at the downstream of the detector can be effectively recorded
• The energy deposited in HadCal can be reconstructed by the energy recorded in the scintillator layers

• MuonFinder can be used to effectively tag the muons
• We can tune the thickness of steel layers or the number of layers to have a better muon acceptance

• The event classifiers trained based on the pseudo-reconstructed variables for  and  look promising, while 

for  it will be more challenging which is still under investigation

• Large statistical fluctuation, will generate a larger sample
• Will keep looking into other possibilities for event classification
• Including muon background as well

τhad τμ

τe



Backup
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GENIE simulation: νμ
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GENIE simulation
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Muon from tau decay is softer



Mean: 146.0 GeV

RMS: 201.0 GeV

ντ → τ− → μ−



Mean: 343.1 GeV

RMS: 377.6 GeV

νμ → μ−

Felix Kling, et. al. 2105.08270
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Energy containment w/ the HadCal ( )νμ
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|x| and |y| < 1.5 m |x| and |y| < 0.75 m

• The ratio of the energy deposited in the (LArTPC+HadCal) to the neutrino energy
- The orange markers are the mean values and standard deviation as error bars

• The hadCal can save loss energies for events happened in the downstream of the detector
- The containment becomes flat for both transverse cuts
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Energy containment w/ HadCal ( )νe
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|x| and |y| < 1.5 m |x| and |y| < 0.75 m

• The ratio of the energy deposited in the (LArTPC+HadCal) to the neutrino energy
- The orange markers are the mean values and standard deviation as error bars

• The hadCal can save loss energies for events happened in the downstream of the detector
- The containment becomes flat for both transverse cuts


