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Plots for approval
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● Reconstructed energy spectra I 
would like to present in Neutrino 
poster

● Plots to be approved 
● I will give an outline of the 

elements that I used to describe 
these two plots



GENIE simulation
● GENIE v3

● FD flux file

● Cross sections

● Neutrino oscillation probabilities 

● Normalization 

GENIE simulation was done generating 104        (      ) interactions in Ar40 
with GENIE v3.04.00 tune G1810a0211a which includes the following 
models

DUNE input flux given to the simulation is FD flux taken from: https://glaucus.crc.nd.edu/DUNEFluxes/ 
corresponds to the one use in TDR

The cross sections were taken from GENIE data releases corresponding to the version and tune I used: 
https://scisoft.fnal.gov/scisoft/packages/genie_xsec/ 
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https://glaucus.crc.nd.edu/DUNEFluxes/
https://scisoft.fnal.gov/scisoft/packages/genie_xsec/


● GENIE v3 

● FD flux file

● Cross sections

● Neutrino oscillation probabilities 

● Normalization 

globes v3.2.16
configuration file took from: https://arxiv.org/src/2103.04797v2/anc
oscillation parameters from NuFIT v5.2

GENIE simulation

The two plots show the probability of oscillation  νμ→ν
e
 (and same for antineutrinos) in the energy region which will be covered by DUNE wide band beam. 

The probability shows that we are in correspondence of the first two maxima of the oscillation, respectively at ~2.5 GeV and ~0.7 GeV. The plot was done 
using GLoBES v3.2.16 and the configuration file used in dune TDR, which  assumes a baseline of 1284.9 km. The parameters of oscillation are not the same 

used in the TDR though, but they were taken by NuFIT 5.1 (2022) results. These oscillation probabilities have been used in all the plots that required to 
include oscillation probabilities which will be presented in the next slides. 
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https://arxiv.org/src/2103.04797v2/anc


● GENIE v3 

● FD flux file 

● Cross sections

● Neutrino oscillation probabilities 

● Normalization 

GENIE simulation
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The normalization for GENIE simulation was done by using the flux, 
the cross sections and the that I just described  and multiplied them 
by the factor.

❖ At the time I did different check with TDR normalization in 
which I considered the 3.5y scenario and I found a total 
number of 1060 for δ

CP
= 0 (TDR was 1092).

❖ Then I started using a normalization based on the 1000 kton 
MW yr . Since I am using only neutrinos I considered 500 kton 
MW yr (50 in Phase I + 450 Phase II)

Phase I : 1.10e21 POT, 20 kton
Phase II: 2.21e21 POT, 40 kton



● GENIE v3 

● FD flux file 

● Cross sections

● Neutrino oscillation probabilities 

● Normalization 

GENIE simulation
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The normalization for GENIE simulation was done by using the flux, 
the cross sections and the that I just described  and multiplied them 
by the factor.

❖ At the time I did different check with TDR normalization in 
which I considered the 3.5y scenario and I found a total 
number of 1060 for δ

CP
= 0 (TDR was 1092).

❖ Then I started using a normalization based on the 1000 kton 
MW yr . Since I am using only neutrinos I considered 500 kton 
MW yr (50 in Phase I + 450 Phase II)

Phase I : 1.10e21 POT, 20 kton
Phase II: 2.21e21 POT, 40 kton



● GiBUU   2023 release, GiBUU jobcard with DUNE configuration

● FD flux file 

● Cross sections

● Neutrino oscillation probabilities 

● Normalization 

GiBUU simulation
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same as the ones used in GENIE 

GiBUUs cross sections



Appearance spectra

The plot on the left corresponds to the electron neutrino appearance spectrum for different values of δ
CP 

. The x axis 
shows the true neutrino energy variable coming from the generator, weighted for the probability of oscillation (see 
previous slide). 
On the vertical axis the event rate in arbitrary units, was obtained following the normalization described in the previous 
slide. The plot is shown next to the TDR reconstructed energy spectrum in order to  show how the reconstruction process 
(related to the systematics of the interaction and the detector resolution ) affects the shape of the spectrum. 
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How to compute Eν

The X axis shows the difference between the true neutrino energy variable coming from the GENIE simulation and the energy of the neutrino 
calculated calculated from the its final states.

● Not including the detector resolution, so it is completely ideal.
● Neutrons are also included in the energy budget, since they are treated as if they were reconstructed.

The plot on the right shows the behaviour of the resolution in the case in which we calculate the neutrino energy as                       . 
The Y axis shows the percentage sigma which was calculated for each energy value as                   

 
These two plots shows how the resolution is intrinsically limited by the interaction physics.
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The plot on the left shows the distribution resolution that we could 
get if we would ideally measure the neutrino energy as follows   



Smearing resolution

In the plots in which a smearing is applied the 
following process was applied. 
For each type of particle the kinetic energy was 
smeared accordingly to the table on the right as: 

In particular for charged hadrons the smearing is based on the range of the particle. 
● if they don’t interact (K > K2 which corresponds to LAr interaction length ) they are reconstructed with hadronic 

calorimetry formula and a resolution of 30 %
● if they do interact a worst resolution is applied for short tracks (K<K1)
● these values are taken from an ICARUS analysis https://arxiv.org/abs/0812.2373 
● brings to a total resolution effect of ~14 %
● just an example, can be implemented differently
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https://arxiv.org/abs/0812.2373


Smearing at 10-14 %
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dashed: neglecting neutrons

continuous: 10 % smearing

dashed: reconstruction by neglecting neutrons 

continuous: 14 % smearing

Just to get an example, I also tried to apply a smearing of some percent, independently from the particle, to see 
how it affects the energy spectrum



Reconstructed spectrum

The plot shows the reconstructed appearance spectrum for ν
e
 in which the energy is 

reconstructed as

 
The distribution is shown for multiple values of δ

CP 

The x axis shows the energy reconstructed as a sum of the outgoing lepton energy and the 
other particle's kinetic energies. On the top of that, a particle by particle smearing is applied, 
as explained in the previous slide.

It should be noticed that in this case neutrons are assumed to be reconstructed with a sigma 
= 30%/sqrt(E).
No cut on the energy of the final state particles was applied, nor topology selections in this 
plot.
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Impact of δCP  on 1p0π sample

In these plot an event selection was applied on the generator 
output. 
On the left we have the same reconstructed appearance 
spectrum for neutrinos for different δ

CP 
 

● event selection applied at the level of the generator 
output and includes only the events with 1p and 0 
pions in the final state. 

● cut on the final momenta of the outgoing protons to 
be higher 300 MeV

The cut on the proton is applied both in the reconstruction and in the selection, so in the chosen subsample there might be protons with low momenta which I 
am including in the energy budget.
It was introduced since there were some model differences with the GiBUU simulation which had an higher number of soft protons in the final state

The neutrons are ignored in the definition of the sample: there might be neutrons in the final state and they are reconstructed accordingly with the smearing 
described before.
On the right instead the event rate for kind of process after applying the event selection is shown. This plot aims at showing how the composition of the sample 
changes after  having applied the event selection. On the X axis the true energy variable coming from the generator is plotted, weighted for the oscillation 
probability as it was done in all the other plots. The majority of the sample is made by QE processes but also RES and MEC enter in the subsample.
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Backup



Including or excluding neutrons in the calculated variable
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dashed: including neutrons 

continuous:  excluding neutrons
Neglect 
hadron 
masses

GENIE resolution (%) GiBUU resolution (%)

w neutrons w/out w neutrons w/o

5.5 13.6 6.2 14.7


