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ANTARES in a nutshell From data to images

First large undersea neutrino telescope [1]:

Energy reconstruction approach (ongoing work)
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Two-dimensional images are created (floor x time) For the energy reconstruction, we take the layer activations of the previous networks and
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e 12 vertical lines forming a 3D array of photo-sensors perform a Principal Componente Analysis (PCA). We also reduce the size of the DataSet by

using the hit information. Images are then centered
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Relative Floor

e 25 floors per line based on the reference hit. applying criteria based on the

e 3 Optical Modules (OMs) per floor a1 . above reconstructions. This is 7 <150m
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It detects Cherenkov light induced by secondary particles =/ ' G (120°) 200 done to try to keep events as " O < median(cy) PcA
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Time (ns) ANTARES . g, < midian(oz) SubSet

close to the telescope as SubSet

Ongoing wor
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from neutrino interactions

OM dirYef:‘t‘ithn ) pOSSible, Since fOI‘ theSe the
e The RGB colors of the pixels are obtained by weighting the

Problems Solution angle of the OM with the voltage amplitude of the hit.

e Azimuth angle reconstruction is missing We present a method based on ML aimed to
with classical approaches (BBfit) for low- improve the SL event reconstruction, mainly B (240°)
energy single-line (SL) events [2]. focused on track events: (anti)muon-neutrino

e Other interesting parameters, such as Iinteractions. Results
energy, are not reconstructed for these @ Direction angles of the neutrino [3].

events. ® Closest point of the track to the telescope
e The low-energy range is interesting for (track events) or interaction vertex (shower o ve s

dark matter searches and other studies. events). Absolute BBfit DCN DCN (50% lowest o)
* Neutrino SN (ShOWGI’ events) or muon | - error Mean Median Mean Median Mean Median 5

ANTARES preliminar y
energy (track events). |

energy reconstruction is more
feasible.

The number of relevant components are chosen by the elbow rule and those are used to
train a Feedforward NN that predicts the decimal logarithm of energy.

DCN outperforms classical reconstruction methods for the direction angles (6,). ol
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Track parameters approach: Neural Networks

We combined Deep Convolutional Networks (DCNs) [4] with Mixture Density Networks - | BBfit DCN DCN

ANTARES preliminar}/_ s ANTARES preliminary B ANTRES eminar — 50% beSt 0
(MDNS) [5]. (e A Lok ’ £ 4 NTARES preliminary

Preliminary results
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Feature maps
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> parameter behaves as

M: Convolutions Subsampling Convolutions Subsampling Fully connected
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H=Ys expected for a standard e e
® MDNs allow to predict not only the direction ® DCNs extract the deviation value. -l R . TruleOQEnergy . TruleOiEnergy
angles but also their uncertainty. important features. et e

Conclusion

. . e We clearly outperform classical direction reconstruction methods for single-line
Interactions: events
. . Error vs sigma )
® Training set (60%) Tt T il p— A e A prediction of the azimuth angle is made, which was previously missing.
e Validation set (20%), to avoid over-fitting through Early Stopping " ol o . ® The reconstruction of the closest point of the track is in good agreement with the true

: 5 oo ool e Bl el . values.
e Test set (20%), to evaluate the generality of the results ;! T2kl G 2 ; . . . . . ..
(20%), S y o R ' e A first estimation of the muon energy of track events is achieved with the combinaiton

" The results are good and of two ML methods (PCA + NN) showing promising results.
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