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 Goals of the Neutrino Oscillation Program
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68,000 tons of liquid argon (LAr)
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68,000 tons of liquid argon (LAr)

But wait a minute. 
We don’t know the 

neutrino energy…
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68,000 tons of liquid argon (LAr)

But wait a minute. 
We don’t know the 

neutrino energy…

neutrino fluxes
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68,000 tons of liquid argon (LAr)

We’ll reconstruct 
it using our 
SUPER- 

detectors!!

But wait a minute. 
We don’t know the 

neutrino energy…
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Summarizing, 

cross section models are needed, for two reasons:

1) To get  P
a→b

  from the measured Nb.

2) To reconstruct the neutrino energy (keep watching). 
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Different reaction channels but same event topology

MicroBooNE CC inclusive
https://arxiv.org/abs/2306.12060 

https://arxiv.org/abs/2306.12060
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How does this affect the 
reconstruction of the neutrino energy?
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Example: 

1) QE-like event in MiniBooNE: muon and no pions 
are detected. Scattering angle and energy of the muon.

2) Reconstructed energy estimator:

This formula gives us an estimate of the energy of the neutrino.

3) One can compute the probability of the reconstructed energy EQE matching 
the true energy E: P(EQE|E)
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Probability density of the reconstructed energy E matching the true energy E

https://doi.org/10.1103/PhysRevC.98.054603 

_

https://doi.org/10.1103/PhysRevC.98.054603
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https://doi.org/10.1103/PhysRevC.98.054603 

Probability density of the reconstructed energy E matching the true energy E

+ The distributions are model dependent

_

https://doi.org/10.1103/PhysRevC.98.054603
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https://doi.org/10.1103/PhysRevC.98.054603 

Probability density of the reconstructed energy E matching the true energy E

MEC 2p-2h

+ The distributions are model dependent
+ Different reaction channels produce VERY different distributions

_

https://doi.org/10.1103/PhysRevC.98.054603


raugj@us.es Sep 16, 2024 16

Summarizing, 

GOOD cross section models are needed, for two reasons:

1) To get  P
a→b

  from the measured Nb.

2) To reconstruct the neutrino energy. 
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slide from Elena’s 
talk in NuFact 2023
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WG2 Overview:

Continuous improvement of 
our understanding of neutrino 
interactions from the interplay 
between model developments 
(theory & implementation) 
and experimental cross 
section results

adapted from Elena’s 
talk in NuFact 2023

Important experimental efforts have 
been done in the last years aiming at 
studying nuclear effects. Thanks to the 
high statistics, new sets of differential 
cross sections have been presented: 
Transverse Kinematic Imbalance, 
Inferred Variables,… 
It definitely helps identify and highlight 
different nuclear effects.
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Mon Tue Wed Thur Fri Sat

8:30-10:00
2 Plenaries:
Cross sect. theory
Cross sect. results

Summary

10:30-12:30
Experiment: 
current results

(5)

13:45-15:45 Theory (5)

MC 
generators 

(5)
Miscellaneous 

 (5)
Miscellaneous 

(4)

16:15-18:15 Posters
MC generators

& 
Theory (4)

Experiment: 
LAr detectors 

(4)

WG2 Overview:
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Experimental:
→ 10 talks (T2K, MINERvA, NOvA, NINJA, SND@LHC, DUNE, ICARUS, SBND,
                  MicroBooNE, FASER)

Theory:
→ 10 talks (QE, DIS, MEC, SRC, FSI, nucleon form factors,...)

MC Generator:
→ 6 talks (NEUT, GENIE, NuWro, GiBUU, MARLEY, ACHILLES)

Miscellaneous:
→ 5 talks (at the boundary of theory, generator and experiment)

TOTAL:  32   AMAZING   talks

WG2 Overview:
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Still a long way untill we fully understand 
what happened here…

Enjoy 
NuFact 2024!

Image from https://microboone.fnal.gov/
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1) How can we have more theory-based uncertainties, in particular for neutrino oscillation 
studies? Give us details!

2) How can we incorporate state-of-the-art nuclear models, providing information on the 
hadrons, in generators? Give us details!

3) How to use the wealth of experimental measurements already available and expected in the 
coming years to solve key issues in neutrino scatterings?

4) Which kind of experiments are needed to improve the modeling of neutrino-nucleus cross 
section? Give us details!

5) What are the main reaction channels and, therefore, identify the main systematic 
uncertainties in oscillation experiments?

6) Can you highlight the unique experimental capabilities of your detector... and how that relates 
to important observables? 

Questions to be addressed by WG2
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Small list of nuclear and nucleonic effects in the cross 
sections: 

+ Initial state: binding energy, Fermi motion 
(or momentum distributions), short- and long-range correlations

+ Interaction: nucleon form factors, Pauli blocking, 
 beyond one-body currents

+ Final state interactions: 
++ Distortion effects or elastic FSI
++ Inelastic FSI (modeled with intranuclear cascade)

 

All this, and more, will be discussed in WG2 parallel sessions at NuFact 2024 workshop.

PhysRevC.100.04
4620

https://indico.fnal.gov/event/63406/
http://dx.doi.org/10.1103/PhysRevC.100.044620
http://dx.doi.org/10.1103/PhysRevC.100.044620
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