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Manual Search

The events must pass 4 different filters, on position, the
charge distribution, the presence of a muon “tail” and its

angle.

After that, a manual scanning is done to select the neutrino

candidates.

Overall, 29 neutrino
candidates were
found in the hadron
beam runs, while
none were observed
when the SPS beam
was off.
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Current approaCh - Strategy Data taking and triggering.

Y

Reconstruction.

A systematic approach is developed using
LArsoft, the official software, in order to :

process all the available data collected with
ProtoDUNE.

Apply a number of cuts to
remove as many cosmics as
possible.

Y

Plot cos(theta_beam) of the reco
direction.

Dario Pullia Neutrino Searches in ProtoDUNE



Available datasets

To perform these studies, we can rely on:

e MonteCarlo simulation for the Neutrino events (overlaid with simulated cosmics)
e Off spill data (~45h) for the pure cosmic events.
e On spill data (~9h) for the cosmic + neutrino events.

Producing MC samples for the pure cosmic events is not feasible since we are
triggering on the very high-energy tail of the distribution, and it would take a very long
time to generate such extreme cases.

Because of the differences in the trigger, at the moment the runs with the SPS off
can’t be used to increase the statistics on the background.
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Selection

Using Pandora, the slice with the biggest
energy is selected and everything else is
ignored, then the event must have:
e The reconstructed vertex must be inside a
fiducial volume.
e The mother neutrino PFP must have a
minimum number of daughter particles.
Using the hits, | select the Region Of Interest
(ROI), then we cut on:
e The ROl size.
e The proximity between the ROI starting
point in Z and the reco vertex position

All Hits Graph
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Off spill data vs MC Neutrinos. Charge in First 10 cm: Normalized.

B Off spill data
MC Neutrinos

Charge distribution

If the event is a neutrino interaction, it should
have a distinct shape, considering the energy
deposited along the Z direction.

I'm plotting the sum of the ADC values of the P e e oo
hItS Contalned Wlthln the Sllce! dIVIded Into Off spill data vs MC Neutrinos. Charge in Fifth 10 cm: Normalized.
bins of 10 cm along the Z direction. This o

visualization reveals a clear distinction
between the simulated neutrino events and
the data (which mainly consists of cosmic
events).
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Muon tracks

A good number of
events that pass all the
previous selections,
are events with a
muon track before the
vertex.

Often, these clearly
visible tracks are not
reconstructed by
Pandora.
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| identify the region where the muon track would be, if
present, and | count how many contiguous channels have
hits in the region, starting from the vertex.

Muon track finder

Then, | cut on the ratio between the length of the track

and the total distance from the upstream wall.
All Hits Graph

Off spill data vs MC Neutrinos. Density of neutrino tail: Full data time.
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N-n Test The evolution of the remaining number of events removing the least
important cut iteratively.

N-n Test Results: Number of Background Events Surviving Each Cut
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N-n Test The evolution of the remaining number of events removing the least
important cut iteratively.

N-n Test Results: Number of Background Events Surviving Each Cut
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Simulation vs beam off

First, we compare the beam off data with
the simulated signal.

Off spill data vs MC Neutrinos. Max cos(6peam) Spectrum: Full data time.
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Bkg Signal Sig/Bkg
Cut Events |Events Ratio
|Before cuts 1950.26 12.53] 0.01
[Max cos(theta_beam) 106.34 6.06/0.06
Tail Length Density 23.09| 3.95(0.17
|Energy in fifteenth 10 cm 6.65 2.7310.41
|ROI Z close to vertex 1.79 2.3211.30
N daughter particles 0.81 2.05(2.55
Vertex fiducial volume 0.65 2.02] 3.1
|Energy in fifth 10 cm 0.56 1.8713.35
|ROI Z size 0.49) 1.86(3.78
Energy in first 10 cm 0.45 1.79| 4.00
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Beam on vs beam off

Finally, we compare the beam on and
the beam off data.

On spill data vs Off spill data + MC. Max cos(theta_beam) Spectrum: Full data time.
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[Sig/Bkg
Cut [Beam Off [Beam On |Ratio
|Before cuts 1950.26] 1880.33]|0.96
[Max cos(theta_beam) 106.34 110.11]1.04
Tail Length Density 23.09 22.33]10.97
|Energy in fifteenth 10 cm 6.65 8.27|11.24
|ROI Z close to vertex 1.79 3.66|2.05
(N daughter particles 0.81 2.72) 3.37
Vertex fiducial volume 0.65 2.36| 3.64
|Energy in fifth 10 cm 0.56 2.13] 3.80
|ROI Z size 10 cm 0.49| 1.773.60
|Energy in first 10 cm 0.45 1.65]3.70
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Significance calculation - The numbers after all cuts

Already by eye the excess in the forward pointing direction is visible, but a more
quantitative study of the significance is needed. More approaches are used to
show robustness (and as an excuse to learn multiple strategies).

The available numbers are:

N events beamon =N _on =14

N events beam off = N_off = 20

Time with beamon =T on =2.937 + 5.526 = 8.463

Time with beam off = T_off = (28.048 - 7.65) + (33.17 - 8.88) = 44.688

Dario Pullia Neutrino Searches in ProtoDUNE 14



Bayesian
2D v/=2In(Lpoisson) Map

With |ike|ihood: 3.5 X bestfit: [1.205, 0.448]
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Frequentist
2D v/=2In(Lpoisson) Map

35 X bestfit: [1.2193958401409408, 0.4564351772287864]
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the chi2 distribution using 20000 30
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Bayesian MCMC

MCMC Sample Density Contours

With likelihood:

L = poisson(i, N_on) * poisson(j, N_off) 3o 14000
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Conclusions

In the limited available data, an excess of events compatible with neutrinos has
been found with 3 sigma confidence for every true value of the background rate.

These studies are basically finished, and the associated tech-note in being
finalized.
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Thanks for the attention!
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Before and after

Off spill data vs MC Neutrinos. Max cos(Bpeam) Spectrum: Full data time.

#tevents/hr | Before cuts | After cuts After/Before
Neutrinos (MC) 12.53 1.79 0.17
Cosmics (off spill | 1950.26 0.45 0.00022
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Event Displays
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Event Displays
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Event Displays
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