
o Experiments measure oscillation probabilities as functions 

of neutrino energy. 

o Accurate knowledge about neutrino energy is crucial!

o Neutrino energy reconstructed are affected by 

o Nuclear effects (Fermi motion, final-state interactions or 

FSI, nucleon-nucleon correlations, etc.) and 

o Detector effects (threshold, resolution, etc.) 

o These effects alter the event topologies seen in detectors, 

and therefore affect energy reconstruction. 
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Motivation

We define the ”reconstructed neutrino mass” 𝑀0
2

as

𝑀0
2 = 

final 𝑖

𝐸𝑖
2 − 𝒑𝑖

2 −𝑚𝑝
2

where 𝐸𝑖 and 𝒑𝑖 are the measured energy and 3-

momentum of the 𝑖th visible final-state particle 

respectively, and 𝑚𝑝 is the rest mass of the 

proton. The assumption is made that the 

interaction target is a single proton at rest.

𝑴𝟎
𝟐 Definition

Energy Reconstruction

Contact Us !

Cut 0.1 0.3 0.5 0.7 0.9 NO CUT

Mean 0.010 0.016 0.023 0.030 0.036 0.047

RMS 0.054 0.063 0.074 0.083 0.089 0.096

o Neutrino energy is reconstructed as

𝐸𝜈
rec = 

final 𝑖

𝐸𝑖 − 

𝑖 is 𝑝/𝑛

𝑚𝑖

where 𝐸𝑖 is the measured energy of the 𝑖th visible final-

state particle, and 𝑚𝑖 is the rest mass.

o Detector assumptions:

o Neutrons are invisible

o Proton/π/lepton threshold:0.2/0.05/0.04(GeV) 

o Momentum resolution: 
o Magnitude of momentum: random by Gaussian (true 

magnitude, 5% * true magnitude)

o Theta: random by Gaussian(true theta, 0.002(rad))

o Phi: random by Uniform (0, 2π]

o A cut on 𝑀0
2 selects events less affected by 

nuclear/detector effects, and also with higher 

hydrogen contribution (for hydrocarbon targets)

o We choose to cut on Τ𝑀0
2 𝐸𝜈

rec which turns out to be 

less energy-dependent. 

• The deviation of 𝑀0
2 from zero can be used to 

describe the extent to which nuclear effects and 

detector effects affect the reconstruction.

• Simple cuts on 𝑀0
2 can improve neutrino energy 

resolution in an almost energy-independent way.

Free-proton 

(hydrogen) Nuclear targets

o The final state particles in simulated 1H൫

൯

𝜈𝜇𝑝 →

𝜇−𝑝𝜋+ events are artificially modified, to study 

the impacts of nuclear effects and detector 

effects on the distribution on 𝑀0
2.

o Hydrogen events peaks at zero

o Missing particle (absorption, thresholds) 

shift 𝑀0
2 to the left

o Extra particles (nucleon knock-out, pion 

production) shift 𝑀0
2 to the right. 

Nuclear effects can be characterized by 𝑀0
2

𝑀0
2 is sensitive to the difference between 

nuclear models. 

Conclusion

Neutrino energy is reconstructed as

where 

visible final

mass. Assumptions are made that all final

baryons are protons and neutrons which are 

actually the nucleons in the target nucleus and 

they are initially at rest.

After trying different cuts we decide to use 

model as an example to show that this cut has 

no selectivity to energy, which means the 

selection efficiencies are almost flat, as shown.

No CutCH2, GENIE3-hA18

Τ𝑀0
2 𝐸𝜈

rec < 0.1CH2, GENIE3-hA18

Reconstruction bias is significantly reduced.

Cuts on Τ𝑀0
2 𝐸𝜈

rec are less energy-dependent

𝑀0
2 cuts select events with  higher hydrogen 

contribution

Events with 𝑀0
2 closer to zero have better 

reconstructed neutrino energy. 

Characterizing Nuclear Effects
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