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● Up to today, 14 𝜈𝜏   
have been identified by DONuT (decay of Ds mesons) and OPERA (𝜈𝛍 

→ 𝜈𝜏  
 oscillations)

● DUNE will combine bubble chamber quality data with calorimetry and large statistics. 
● It will therefore provide an unprecedented opportunity to study the 𝜈𝜏 

  sector

● To test the Standard Model predictions and check the validity 
of the lepton universality hypothesis.

● Interaction studies are also required to better understanding of 
the neutrino oscillation parameters (SHiP, DsTau experiments).

● The interaction cross sections for all three flavors of neutrinos 
should be known to high accuracy requiring better measurements 
of the 𝜈𝜏 

 / 𝜈𝜏 cross section.

● IceCube plan to explain the mechanism for production of 
high-energy neutrinos from astrophysical sources and for the MC 
simulation of the events, a good control on the cross-section 
estimated is required. 

CC-𝜈𝜏 
  scattering in DUNE
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Migration matrix for hadronically decaying τ leptons 
produced via ν𝝉 charged-current interactions. 
PhysRevD.100.016004
Due to the large mass of the τ ± relative to the e ± 
and µ ±, the threshold for this process to occur is 
3.5 GeV.

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.100.016004


Why check over 

structure functions? 
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Nucleon Form Factors: basic observables of the nucleon

Nucleon form factors describe the spatial distributions of electric charge and 
current inside the nucleon

QCD: quarks are bind through gluons to form hadrons (baryons and mesons)

The fundamental understanding of the nucleon form factors in terms of QCD is 
one of the outstanding problems in nuclear physics

DIS: Deep (Q2 >>M2) Inelastic (W2 >> M2) Scattering
It plays a key role in determining the partonic structure

● Structure functions are a measure of the partonic structure of hadrons, 
which is important for any process which involves colliding hadrons. 

● They are a key ingredient for deriving partons distributions in nucleons.

Bodek-Yang model aims for 
describing DIS cross section
 in all Q2 regions

Structure Functions:
2xF1  = F2 
-xF3    = F2
xF5   = F2 
F4      = 0 also holds when the nucleon target is 
replaced by a lepton target.
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In the 1-10 GeV region all three processes (QE, Resonance & DIS) 
contribute to neutrino charged current total cross section

● The name DIS here is used loosely for inelastic processes with W > 1.8 GeV (in the continuum at all Q2, 
including Q2 =0.

● We need to predict vector parts of both the longitudinal and transverse structure functions
 (form factors)

● Neutrino scattering data can then be used to constrain the axial structure functions (form factors).

● We also need the nuclear corrections to the vector and axial structure functions. 
5



The structure functions F4 and F5, are pointed out by Albright and Jarlskog  are neglected in muon neutrino 
interactions because of a suppression factor depending on the square of the charged lepton mass divided by 
the nucleon mass times neutrino energy.

Differential Cross-Section arXiv:2008.03527
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Given the higher mass value of the  𝝉 lepton, F4 and F5 contribute, instead, to the tau neutrino cross-section.

At leading order, in the limit of massless quarks and target hadrons, F4 = 0 and 2xF5 = F2, where 
x is the Bjorken-x variable. NLO show that F4 ~ 1% of F5   arXiv:hep-ph/0605295

Where:

Energy loss of the 
lepton.

Fraction of lepton’s 
energy lost in the 
nucleon rest frame.

Mass squared of the outgoing 
lepton &  target nucleon 
respectively.

https://www.sciencedirect.com/science/article/pii/0550321375903181
https://arxiv.org/pdf/2008.03527.pdf
https://arxiv.org/pdf/hep-ph/0605295.pdf


The SHip Proposal showed the hypothesis of F4 = F5 = 0 would result in an increase of the 𝜈𝜏  
and 𝜈𝜏 charged-current DIS cross-sections and consequently, of the number of expected 𝜈𝜏 
and 𝜈𝜏 interactions.

𝜈𝜏𝜈𝜏 SM prediction (solid) 
F4=F5=0 hypothesis (dashed)

Notice the difference between the cross-sections in the F4 = F5 = 0 hypothesis and the SM 
prediction is larger for lower neutrino energies. 
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https://arxiv.org/pdf/1504.04956.pdf
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● Genie 2.12.10  (with F5 enable, 2xF5 = F2)
● Flux  isn’t Tau Optimized 
● Pandora toolkit 
● CVN for event classification (look just for electrons) arXiv:2006.15052 

● Genie 3.0.6 (with F5 enable and disable, F5 =0)
● Flux is Tau Optimized
● I’m getting my own splines (DIS)

Starting Point: LBNF/DUNE  TDR Publication  arXiv:2103.04797

FIRST STEP:  check kinematic variables & see if the F5  hypothesis is fulfilled.

https://arxiv.org/abs/2006.15052
https://arxiv.org/abs/2103.04797
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W vs Q2  NuTau Cross Sections:  F5 Enable vs F5 Disable 

F5 Enable F5 Disable
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W vs Q2  Anti NuTau Cross Sections:  F5 Enable vs F5 Disable 

F5 DisableF5 Enable
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q3 vs q0
  NuTau Cross Sections:  F5 Enable vs F5 Disable 

F5 Enable F5 Disable
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q3 vs q0
  Anti NuTau Cross Sections:  F5 Enable vs F5 Disable 

F5 Enable F5 Disable
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* 
● Genie 2.12.10  (with F5 enable, 2xF5 = F2)
● Flux  isn’t Tau Optimized 
● Pandora toolkit 
● CVN for event classification (look just for electrons)

● Genie 3.0.6 (with F5 enable and disable, F5 =0)
● Flux is Tau Optimized
● Im getting my own splines (DIS)

● Get all the machinery working was  whiny. 
● At the end you have to “fool” LAr, manually tracked down all the dependencies 

GENIE requires. 

Starting Point: LBNF/DUNE  TDR Publication  https://arxiv.org/abs/2103.04797

FIRST STEP:  check kinematic variables & see if the F5  hypothesis is fulfilled.

SECOND STEP: Get Pandora locally and able to work with my local Genie 3.0.6, F5 
Enable/Disable, get benchmarks.

It 
does

https://arxiv.org/abs/2103.04797


lar -c prodgenie_nutau_dune10kt.fcl -n 1000
lar -c standard_g4_dune10kt.fcl -n 1000 prodgenie_nutau_dune10kt_gen.root
lar -c standard_detsim_dune10kt.fcl -n 1000 
prodgenie_nutau_dune10kt_gen_g4.root

PANDORA: hopefully we will found out  results close to the ones shown before

- Similar to slide 10 result :)

- Official splines are been used 
(DIS, RES, etc). 

- Need to increase the number 
of events.

- Test the limits of the 
baseline reconstruction  

COMMENTS 
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Thank you!

Milky Way and Volcan de Fuego , Guatemala 21



Backup

22



23

Genie 2.12.10 Genie 3.0.6

Does changes come from just CKM & 
Angles values differences or from the 
DIS Model as well?

Use values listed at the July 2006 

particle physics booklet

Use values listed by Chinese 
Physics C Vol.40, No. 10 (2016) 
100001 Review of Particle 
Physics
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Splines for Genie 3.0.6 after 
exchange CKM & Angle values 

Zoom in

Splines for Genie 2.12.10 after 
exchange CKM & Angle values 

Ratio of the exchanges between 
CKM & Angle values 

Ratio of the exchanges between 
CKM & Angle values 

Zoom in


