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Neutrino

Flavors of neutrinos:
Electron neutrino ve
Muon neutrino vµ
Tau neutrino vτ

De�ned in terms of leptonic W-boson interactions.

Neutrino oscillation, implies neutrino has mass.

The probability of �avor change in vacuum has an oscillatory

feature.

Neutrino �avor state vα is a coherent superposition of mass

eigenstates, given by

|vα⟩ =
∑
m

Uαm |vm⟩ , (1)

where the vm are the mass eigenstates, the coe�cients Uαm

form a matrix U known as the leptonic mixing matrix

(Pontecorvo-Maki-Nakagawa-Sakata matrix).

PMNS matrix in full generality depends on just three mixing

angles, (θ12, θ23, θ13) and a CP-violating phase, δCP .
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Neutrino

If CP violating phase, δCP inconsistent with sin (δCP) = 0, it

would indicate leptonic CP violation.

Figure: The appearance probability at a baseline of 1285 km, as a
function of neutrino energy, for δCP = −π/2 (blue), 0 (red), and
π/2 (green), for neutrinos (top) and antineutrinos (bottom), for
normal ordering
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DUNE

International particle physics experiment which is hosted by

the U.S. Department of Energy's Fermi National Acceleratory

Laboratory.

Two detectors:
DUNE near detector (ND) that will be located on the Fermilab
site in Illinois.

consists of a highly modular LArTPC, a magnetized gaseous
argon time projection chamber (TPC), and a magnetized
beam monitor.
ND LArTPC will be made up of 35 independent ArgonCube
modules sharing a single cryogenic argon bath, to be located
approximately 574 m from the neutrino source for the
Long-Baseline Neutrino Facility (LBNF) beam.

DUNE far detector (FD) to be located in South Dakota.
consists of a modular, liquid argon time-projection chamber
(LArTPC).

Neutrino beam:
Neutrino mode (forward horn current).
Antineutrino mode (reverse horn current).
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DUNE

DUNE is able to measure neutrino interaction rates from

which can be extracted the oscillation probabilities for muon

(anti)neutrinos to either oscillate to electron (anti)neutrinos or

remain the same �avor.

The ND will measure the unoscillated neutrino interaction
rate.

help in the determination of neutral current interaction
background which is important to the neutrino oscillation
measurements.

The FD will measure the neutrino interaction rate after

oscillations.

The calculations of oscillation probabilities would be carried

out with a comparison of the measurements at the far and

near detectors.
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Near Detector

Three primary detector components.

Two of those components move o� the beam axis to provide

extra degree of freedom in the data.

Same target nucleus Ar and basic detection principles as the

FD.

The charge and light detection systems work together to

reconstruct the timing of particle interactions and capture 3D

particle trajectories.

Its modular design will help scientists to distinguish between

multiple neutrino interactions occurred in near detector.
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Why Argon ?

The neutrino�nucleon interaction cross sections are small.

The high density of argon increases the likelihood of a particle

interacting in detector.

A noble element, therefore electrons produced by ionizing

radiation will not be captured as they drift toward the detector

readout.

Scintillates when an energetic charged particle passes by. The

intensity of scintillator light radiated is proportional to the

energy deposited in the argon by the passing particle.

Argon is relatively inexpensive, this allows making large-scale

projects economically achievable.
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Neutrino-Interaction

There are two classes of weak interactions.

The most easily detected class of weak interactions is charged
current (CC) interactions.

Mediated by the W+ and W− bosons.
Exchange of W bosons involves a transfer of electric charge (as
well as a transfer of weak isospin, but not weak hypercharge).

Weak neutral current (NC) interactions are mediated by the Z
boson.

Z boson is electrically neutral.
Exchange of a Z-boson leaves the interacting particles'
quantum numbers like charge, �avor, baryon number, lepton
number, etc. una�ected except for a transfer of momentum,
energy and spin.
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NC interactions

The �nal state lepton is a neutrino, which is impossible to be

observed. So, the NC interactions we detect are the same,

regardless of the initial neutrino's type.

Since we cannot identify the type of initial neutrino in the NC

interactions, we cannot know its �avor.

Don't know if the neutrino oscillated or not.

NC interactions are a background to neutrino oscillation

measurements.
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NC interactions

We don't detect the �nal state neutrino, hence there is some

missing energy from the initial state neutrino that is impossible

to detect, as it is transferred to the �nal state neutrino.

Therefore, the energy we measure in the detector for NC

interactions is always much lower than the energy of the

incoming neutrino.

This means NC interactions of high energy neutrinos can be a

background at lower �reconstructed� energies.
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Data Simulation

Involved:

Simulated �ux
GENIE neutrino interaction generator
Geant4 based detector simulation
Parameterized detector response

Simulate the reconstructed momentum and energy of each

�nal-state particle.

All the event con�guration information (e.g. run number, near
vs far detector, beam mode), truth information (the generated
interaction) and reconstructed information (what we saw in
the detector) of simulation are stored in Common Analysis
Files (CAFs).

A DUNE-speci�c ROOT ntuple with a �lename extension,
root.
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Methodology

Analyzed the CAFs by using Python interface, PyROOT in

SWAN (Service for Web based ANalysis).

All simulation data in the CERN cloud (EOS).

The events are occurred in the Near Detector LArTPC.

We analyzed two di�erent types of simulation data:
Neutrino mode (forward horn current, FHC)

3948 sample �les

Antineutrino mode (reverse horn current, RHC).

994 sample �les

Construct tables.

Plot some kinematic quantities.

Normalized all the number of events with the expected number

of POT per year, 1.1× 1021.
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Result

FHC beam mode:
Has about 3.94959× 1019 of number of POT where was
obtained by combining all the FHC �les.
Involved di�erent neutrino interaction modes.1

1Refers appendix for neutrino interaction mode.
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Figure: The number of events for the ratio of di�erence between true
proton energy and reconstructed proton energy to true proton energy ND
FHC spectrum. The plot is normalized with the expected number of
POT per year. Both CC and NC events are considered in this plot.
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Figure: Ratio of di�erence between the true neutrino energy with the sum
of the reconstructed energies of outgoing particles and true lepton energy
to true neutrino energy ND FHC spectrum. The reconstructed charged
lepton energy (Elep_reco) is not included in this plot, but the true lepton
energy either energy of outgoing neutrino or charged lepton in its �nal
state is taking into account.

18 / 27



Figure: Ratio of di�erence between true neutrino energy and
reconstructed energies of outgoing particles (e.g. eRecoP + eRecoN +
eRecoPip + eRecoPim + eRecoPi0 + eRecoOther) to true neutrino
energy ND FHC spectrum. The reconstructed energy of charged lepton
(Elep_reco) is not under the consideration.
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Result

RHC beam mode:

Has roughly 9.94657× 1018 of number of POT.
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Figure: The number of events for the ratio of di�erence between true
proton energy and reconstructed proton energy to true proton energy ND
RHC spectrum. The plot is normalized with the expected number of
POT per year. Both CC and NC events are considered in this plot.
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Figure: Ratio of di�erence between the true neutrino energy with the sum
of the reconstructed energies of outgoing particles and true lepton energy
to true neutrino energy ND RHC spectrum. The reconstructed charged
lepton energy (Elep_reco) is not included in this plot, but the true lepton
energy either energy of outgoing neutrino or charged lepton in its �nal
state is taking into account.
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Figure: Ratio of di�erence between true neutrino energy and
reconstructed energies of outgoing particles (e.g. eRecoP + eRecoN +
eRecoPip + eRecoPim + eRecoPi0 + eRecoOther) to true neutrino
energy ND RHC spectrum. The reconstructed energy of charged lepton
(Elep_reco) is not under the consideration.
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Discussion

We expected the number of events for the event selections

�isCC == 1 && reco_nc == 1� to be very low. However, it is

not the case.

The number of events for the event selections �isCC == 1 &&
reco_nc == 1� is quite close to the number of events for the

event selections �isCC == 0 && reco_nc == 1�.

Under the current assumptions of event reconstruction

performance in the DUNE ND, 42.3% of the CC events are

mis-identi�ed as NC events in FHC and 37.1% in RHC.

As a consequence of this, for the events identi�ed as NC

events, only 42.5% are true NC events in FHC and 49.6% in

RHC.

This high mis-identi�cation rate will a�ect the precision with

which NC interactions will be measured in the near detector.
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Nevertheless, we expect to observe tens of millions of NC

events per year in the ND, so we should be able to measure

the NC background with a statistical precision much better

than 1%.

The DUNE ND measurements will likely be limited by

systematic uncertainty from the start of the experiment.

Future improvements are expected when the full potential of

the DUNE ND is involved in the analysis.
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Thank you for your attention
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Appendix

Table: The neutrino interaction modes.

Mode Name

1 QE (Quasi-elastic)

2 Single Kaon (Kaon production)

3 DIS (Deep inelastic scattering)

4 RES (Resonant)

5 COH (Coherent)

6 Di�ractive

7 Nu-e El (Neutrino scattering with atomic electrons)

8 IMD (Inverse muon decay)

9 AMnuGamma (Anomaly-mediated neutrino-gamma interaction)

10 MEC (Meson-exchange current, also known as 2p2h)

11 COHEl

12 IBD (inverse beta decay)

13 GlashowRES (Glashow resonance)

14 IMDAnnihalation
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