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Introduction

« We are interested in reconstructing/identifying tau
neutrinos in the DUNE far detector (which will be a
liquid argon time projection chamber).

* We have trained the NuGraph GNN on one million
Monte Carlo samples which | generated.

* The network classifies the interaction as (v.\v,\v;)
charged current or neutral current.

» Here I'll present some of our preliminary results based
on this training.
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Why Tau Neutrinos?

E T
. . i IUT3| :
Still Many Questions! ' 8]
- Non - =
There have only been | assuming ':
about 30 neutrino N [ I :
candidates found across <1 . Assuming ': & =
all of DONUT, OPERA and T ity 17
lceCube[1][3][6]. s AR ."' -
0 02 04 06 0.8 1
Almost all our knowledge U3
about tau neutrino
oscillations are taking from
PN unitarly. (niery It is critical to test our
level (at 95% CL) assumptions!
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DUNE

 The DUNE experiment gives us a unique opportunity for
studying tau neutrino charged current interactions.

 The 1300km baseline and flux peaked at ~2.5GeV is
close to the v, — v; oscillation maximum.

« The far detector technology has ~5 mm wire spacing
which provides excellent spatial and calorimetric
resolution.
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Tau Difficulties

Decay mode

Branching ratio

[7]

Despite the several

Leptoni 35.2%

e : advantages offered by
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Ly 17.4% DUNE detecting tau

— neutrinos is still difficult!
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NuGraph

* NuGraph is a graph neural
network (GNN) we use this
to do interaction level semantictruthu o shower ® michel -vmp s diffuse backgr(;und * HP
classification of our events.

* The only input features are
the hit positions and hit
energies. |

 This means the network is 100
using very basic i
reconstructed quantities. 200 e j
Less prone to bias from O TR e Ao e me e e e
reconstruction

100 DUNE work in Progress
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Training Results: Confusion
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Using NuGraph For Cuts

« The output layer of the network gives a vector of the
following form (after applying the SoftMax function)

(P(Ve)»P(Vu):P(VT):P(VNC))-

« We can select our signal in (at least) one of two
ways.

 The first is a cut where we declare a tau neutrino
whenever P(v;) > P(V;) oyt

* Or we can simply declare and event to be a tau
whenever P(v;) > P(v;) Vi € {e, u,nc}

-
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Efficiencies

« We compute the tau neutrino efficiency as a function of
energy. This is a good base for showing the power but
we have another fiqure of merit (next slides)
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A Physics Application

DUNE is expected to start with two far detectors each
with a 10 kt fiducial mass. Thus, we can get some
sensitivity numbers during the experiment’s first year
meaning a 20 kt-yr exposure.

We compute the expected event assuming the following
oscillation parameters. [3]

012 — 0583 823 — 0864‘ 913 — 0150 6CP — _2583

Amg = 7.42 X 107°eV? Am; = 2.513 x 107 3eV?

We then take the required number of events for each
flavour from the validation sample and run the network
to find the signal and background rates.
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Our Figure Of Merit

F.0.M From 100 Samplings
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Figure of Merit Ctd

« Here is a scan of the figure of merit across energies and
cut. As expected we get the best F.O.M at moderate tau
probability and energy cuts.
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Conclusions

 We have shown that there is potential to get >1c
sensitivity to tau neutrino detection after only one year of
the DUNE experiment with a standard exposure.

* We have determined the ideal tau neutrino probability
cuts and energy cuts from the neural networks.

* We are continuing to improve the sensitivity by training the
model on a sample generated with the tau optimized flux
and by the addition of a term to the loss function to try to
optimize the network for tau sensitivity.
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Thank You!
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Backup Slide 1 GNN Temp

« The temperature in the GNN is a parameter which is
used to smooth out the output layer of the network
specifically the output layer is transformed to:

. exp(%o)
o Seenn(F)

* The temperature is a trainable parameter and in our
case it became negative (it was also small) this is the
plotted loss is negative.

* This is something we are trying to understand better but
we think it is okay just a bit odd...

« Want to investigate why the network doesn’t force T>0.

-
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Backup Slide 2 Global P and R

 In our plots of the precision and recall they are both the
same.

* The reason for this is that here we are plotting global
versions of these which are defined in the same way for
both and are defined as #(Correctly Classified
Events)/(#(Correctly Classified Events) + #(Incorrectly
Classified Events))

@ ,
18 09/02/25 NuFact 2025 | William Dallaway % T‘g‘f{"“(‘;ﬁ%‘b DUVE



Training Details

« We split our 1M events into a train/test/validation splits at
rates of 90%/5%/5%.

* We use the categorical cross entropy loss here where |
indexes the category and R is the recall (efficiency).

« This is called the recall loss see here () and is meant to
compensate for slight differences in the rates of each
category

L:Z(l—Ri)xCEi
l

L
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Training Results: Loss

Loss as a Function of Global Step

W\

o Lo
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The recall loss as a function of global step. Note that the loss
plotted here is actually 2e T x L+ T
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Precision and Recall

Precision as a Function of Global Step Recall as a Function of Global Step
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Precision (left) and recall (right) as a function of the global step
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