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Neutrino 2022 Poster

Rasmus Qrsge, Low Energy Neutrino Event Reconstruction using Graph neural Networks
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https://indico.kps.or.kr/event/30/contributions/785/#preview:827

Erice 2022 Poster

Martin Ha Minh, Reconstruction of Neutrino Events in IceCube Using Graph Neural Network
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https://docs.google.com/presentation/d/1ERrHb3axziyVEeP82Jt4dhSCZQBxTYIeq_aeQK_nLgo/edit#slide=id.g13fdbdf58cc_0_289

Low Energy Reco Paper

Graph Neural Networks for Low-Energy Event Classification & Reconstruction in IceCube

R. Abbasi, M. Ackermann, J. Adams, N. Aggarwal, J. A. Aguilar, M. Ahlers, M. Ahrens, J.M. Alameddine, A. A. Alves Jr,, N. M. Amin, K. Andeen, T. Anderson, G. Anton, C. Arglelles, Y. Ashida, S. Athanasiadou, S. Axani, X. Bai, A.
Balagopal V., M. Baricevic, S. W. Barwick, V. Basu, R. Bay, J. J. Beatty, K-H. Becker, J. Becker Tjus, J. Beise, C. Bellenghi, S. Benda, S. BenZvi, D. Berley, E. Bernardini, D. Z. Besson, G. Binder, D. Bindig, E. Blaufuss, S. Blot, F.
Bontempo, J. Y. Book, J. Borowka, C. Boscolo Meneguolo, S. Boser, O. Botner, J. Bottcher, E. Bourbeau, J. Braun, B. Brinson, J. Brostean-Kaiser, R. T. Burley, R. S. Busse, M. A. Campana, E. G. Carnie-Bronca, C. Chen, Z. Chen, D
Chirkin, K. Choi, B. A. Clark, L. Classen, A. Coleman, G. H. Collin, A. Connolly, J. M. Conrad, P. Coppin, P. Correa, S. Countryman, D. F. Cowen, R. Cross, C. Dappen, P. Dave, C. De Clercq, J. J. DeLaunay, D. Delgado Lépez, H
Dembinski, K. Deoskar, A. Desai, P. Desiati, K. D. de Vries, G. de Wasseige, T. DeYoung, A. Diaz, J. C. Diaz-Vélez, M. Dittmer, H. Dujmovic, M. A. DuVernois, T. Ehrhardt, P. Eller, R. Engel, H. Erpenbeck, J. Evans, P. A. Evenson, K. |
Fan, A. R. Fazely, A. Fedynitch, N. Feigl, S. FiedIschuster, A. T. Fienberg, C. Finley, L. Fischer, D. Fox, A. Franckowiak et al. (284 additional authors not shown)

IceCube, a cubic-kilometer array of optical sensors built to detect atmospheric and astrophysical neutrinos between 1 GeV and 1 PeV, is deployed 1.45 km to 2.45 km below the surface of the ice sheet at the South Pole. The classification and
reconstruction of events from the in-ice detectors play a central role in the analysis of data from IceCube. Reconstructing and classifying events is a challenge due to the irregular detector geometry, inhomogeneous scattering and absorption of light in
the ice and, below 100 GeV, the relatively low number of signal photons produced per event. To address this challenge, it is possible to represent IceCube events as point cloud graphs and use a Graph Neural Network (GNN) as the classification and
reconstruction method. The GNN is capable of distinguishing neutrino events from cosmic-ray backgrounds, classifying different neutrino event types, and reconstructing the deposited energy. direction and interaction vertex. Based on simulation, we
provide a comparison in the 1-100 GeV energy range to the current state-of-the-art maximum likelihood techniques used in current IceCube analyses, including the effects of known systematic uncertainties. For neutrino event classification, the GNN
increases the signal efficiency by 18% at a fixed false positive rate (FPR), compared to current IceCube methods. Alternatively, the GNN offers a reduction of the FPR by over a factor § (to below half a percent) at a fixed signal efficiency. For the
reconstruction of energy, direction, and interaction vertex, the resolution improves by an average of 13%-20% compared to current maximum likelihood techniques in the energy range of 1-30 GeV. The GNN, when run on a GPU, is capable of processing
IceCube events at a rate nearly double of the median IceCube trigger rate of 2.7 kHz, which opens the possibility of using low energy neutrinos in online searches for transient events.

https://arxiv.org/abs/2209.03042
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Talks by us

e 9 Talks in international settings; ML4Astro, A3D3, GNN ML WG, Uppsala, Stockholm, NBI, etc.
e 9 Talks (at least) in national settings; Collaboration Meetings, DFS, DPG, etc.

e First international talk was by Andreas Sogaard 26/01/2022 at IceCube Scandinavia
o We have since then given an international talk pr. month, on average.

The compiled list of talks is available here

2nd GraphNeT Workshop @ Garching


https://docs.google.com/spreadsheets/d/1nA7xTI0ZE0zCMrDuQfFcK9ycj3HT4CQkTg07LaeJzN8/edit#gid=0

NOW2022

James Mead, Atmospheric Neutrino Oscillations in lceCube-DeepCore

‘“EH. UNIVERSITY OF

“ 5.5 COPENHAGEN

® Oscillations in DeepCore

® Complimentary of and competitive with accelerator experiments ¥ g
High statistics

High energies

® Extensive BSM program with complementary studies are higher energies Long-baselines

Dense matter profile
All flavour probe

e Offers leading constraints on (non-)unitarity through v.-normalisation

® Next generation of analysis
® 8 years of detector live-time » 0(10%) v,y interactions
® New calibration, simulation, reconstruction, PID, systematics and analysis software
® Charge-independent samples, off-signal regions, data-driven background classification

® Next generation of detector
® The Upgrade greatly enhances DeepCore’s oscillations sensitivity and statistical power
® Conservative estimates predict world-leading results within 1 year of data-taking
® Set to inherit new SOTA reconstruction & PID (FreeDOM, DynEdge) and ice-modelling (Birefringence)

[arXiv:2208.10166] [Neutrino 2022] [arXiv:2107.08692]
[GraphNet Git]

Atmospheric neutrino oscillations in ICECUBE-DEEPCORE

2nd GraphNeT Workshop @ Garching 8


https://agenda.infn.it/event/30418/contributions/170688/attachments/95734/131724/deepcore_oscillations_now2022_jvmead.pdf

NOW2022

Fernanda Psihas, The Role of Machine Learning in Neutrino Physics

2nd GraphNeT Workshop @ Garching

ICECUBE

SOUTH POLE NEUTRING OBSERVATORY

Graph NNs are natural for clustering

PMT signals. GNN based reco. Yields

20% + resolution in energy & zenith.
Expected sensitivity equivalent to
25% more statistics.

GNNs Neutrino Event Reconstruction. Neutrino 2022 poster. Amy = 2.457e-3 eV

Sensitivity (Simplified Analysis)
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(8) Prediction: voxels are colored based on the GNN predictions
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T2K is also using GNNs for removing cross-
talk & ghost hits from tracks in preparation for
The SuperFGD near detector for
improvements with respect to charge cuts.

GNN Charge Cut
Track Other Track Other
Efficiency 94% 96% | Efficiency 93% 80%
Purity 96% 95% |Purity 80% 91%

Graph neural network for 3D classification of ambiguities and optical crosstalk in scintillator-
based neutrino detectors Sa'ul Alonso-Monsalve, et.al. https://arxiv.org/pdf/2009.00688.pdf THIS SUDE. NOT YET IMPLEMENTED

9


https://agenda.infn.it/event/30418/contributions/170692/attachments/95747/131755/20220905_MLforOsc_NOW2022.pdf

Supporting IceCube Upgrade

2nd GraphNeT Workshop @ Garching
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Collaboration Meeting, March 2021

Zenith Regression Upgrade

First reco’s on initial MC sample are 3.0 .
shown in this presentation
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https://events.icecube.wisc.edu/event/127/contributions/7553/

Collaboration Meeting, March 2021

Zenith Regression Upgrade

First reco’s on initial MC sample are 3.0 a6t
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https://events.icecube.wisc.edu/event/127/contributions/7553/

Collaboration Meeting, March 2021

. . Zenith Regression Upgrade
First reco’s on initial MC sample are 3.0

shown in this presentation B
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https://events.icecube.wisc.edu/event/127/contributions/7553/

Collaboration Meeting, March 2021

A characterization of events in the “band
band” was shown; underpinning the
suspicion that the classical pulse
Update on
H H H H H econ-
cleaning algorithm wasn’t working right. ChN Heem MDOM Activations

Upgrade data
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Collaboration Meeting, March 2021

A characterization of events in the “band
band” was shown; underpinning the
suspicion that the classical pulse
cleaning algorithm wasn’t working right.

2nd GraphNeT Workshop @ Garching
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Collaboration Meeting, March 2021

A characterization of events in the “band
band” was shown; underpinning the
suspicion that the classical pulse
cleaning algorithm wasn’t working righ

Labels (physics or noise) are
not kept by simulation chain;
we can’t help.

2nd GraphNeT Workshop @ Garching
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Snowmass Sprint December 2021 & Bad News

Pulse Noise Labels added by James Mead

First iteration on ML-driven pulsemap cleaning made
using decision trees by Wing, quickly updated by Tania
using a GraphSage-based GNN.

Reconstructions are requested by us & FreeDOM

2nd GraphNeT Workshop @ Garching
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Snowmass Sprint December 2021 & Bad News

e Producer of PMT calls; noise
levels are expected to increase

radically old noise model ("140021") new noise model ("140022")
40.000.000

e We are asked to produce reco’s to
help estimate the issue 30.000.000

20.000.000 —
10.000.000 —. — I
o Il H = m = =
= 9 h & 2
\gggo ./ \gggo -
mDOM  PDOM  Dp-Ess mbOM  PDOM  D-Ecs

2nd GraphNeT Workshop @ Garching 18



Snowmass Sprint December 2021 & Bad News

energy regression Upgrade MC using GNN

e Clear loss of resolution for — W Track 140021 [ 70000
. - ] | C de 140021
low-energetic events (in the 1] S — e
oscillation range!) ' Cascade 140022 L 60000
140 —|
— =04 \{ — - 50000
e Perhaps using GraphNeT <
models to pulse clean could S 100 - L 40000
. . 3>
get rid of the extra noise? ° .
&) 80 -
> - 30000
o l.
S 18
- 20000
R - 10000
20 A IceCubeUpgrade/nu_simulation/detector/step4/(140021,140022)
Pulsemaps used: SplitinicePulses_GraphSage_Pulses
o n_pulses > (10, 20) selection applied during training 0

0.0 0.5 1.0 15 2.0 25 3.0

Energy (logl0 GeV)
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UNIVERSITY OF
COPENHAGEN

GraphNeT pulse cleaning

* From Kaare Iversen’s Master’s thesis (available online this summer):

Precision/Recall curve
10 S— — - Threshold{ 0.89
] e . Thrgshold: 0.439 Efficiency Purity GraphNeT Purity GraphSAGE
” Thyeshold: 0.0495 0.85% —s 0.99 % 0.84 %
08 \
\ 0.95% —» 0.96 % 0.66 %
2 A
| 0.98 % —e 0.84 % 0.44 %
5 \
0 06 \
'-.
o 1‘
05 A\ T
04 : Unweighted, but very promising!
~— GraphNeT AUC = 0.9890 |:
031 __. GraphSAGE AUC = 09215 f
00 02 04 06 08 10
Recall (efficiency)

18/05/2022

T. Kozynets - Studies of the mDOM PMT noise and event cleaning
2nd GraphNeT Workshop @ Garching
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NIVERSITY OF

OPENHAGEN GratheT pUISG Cleaning

* From Kaare Iversen’s Master’s thesis (available online this summer):

Precision/Recall curve

10 S— — Threshold10 89
R ] Thréeshold: 0.439
09 i
2 P
08 In the ballpark of what
3 IceCube has currently
:3 07
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18/05/2022

2nd GraphNeT Workshop @ Garching

Efficiency Purity GraphNeT Purity GraphSAGE

0.85% —» 0.99% 0.84 %
0.95% —» 0.96 % > 0.66 %
0.98% —s 0.84 % 0.44 %

T

Unweighted, but very promising!

T. Kozynets - Studies of the mDOM PMT noise and event cleaning
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Supporting IceCube Upgrade

e Whole project has slowed down

e We are still missing “last mile delivery” of models

e Will continue support in case new needs arise

2nd GraphNeT Workshop @ Garching
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Supporting oscNext

2nd GraphNeT Workshop @ Garching
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Supporting oscNext

e The 21 csv files produced as part of the
robustness study have been used by
several people in oscNext for other
things

e Interpolation between generated
sets with NN’s

e Other systematic studies

2nd GraphNeT Workshop @ Garching
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Figure 8: The variation in AUC for pyNEDGE and the current BDT on the 20 different systematic
sets. Track/cascade classification is denoted by 7°/C and neutrino/muon classification is denoted
by v/u. Variation in v/u AUC is only shown on the first 4 samples, as the rest of the sets have no
available muons.

https://arxiv.org/pdf/2209.03042.pdf
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Supporting oscNext

e We’ve provided reco’s to help debug the
highstat analysis

e Impact of birefringence on p-values
determines our involvement in final
analysis

2nd GraphNeT Workshop @ Garching
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Supporting oscNext

e Get at least 1 GNN into the high stats sample

e Continue to tinker with a level2+dc — analysis event selection using GraphNeT (ideal MSc project)
o But purely in MC
o  Quantify MC/Data agreement

e Repeat event selection if nominal becomes birefringent

2nd GraphNeT Workshop @ Garching
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Ongoing projects

2nd GraphNeT Workshop @ Garching
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Ongoing projects in IceCube

Northern Tracks
Martin Ha Minh, Rasmus QOrsge
Cosmic Rays
(Paras Koundal)
Super Novae
(Jakob Beise)
GEN-2
(Sofia Athanasiadou)
Misc
Kunal Deoskar

Aske Rosted

2nd GraphNeT Workshop @ Garching

Oscillations

Rasmus Qrsee, Andreas Segaard,

Philipp Eller, Tim Guggenmos, Kaare Iversen*
Stopped Muons

Leon Bozianu*
Misc

Morten Holm

Peter Andresen

Simon Debes

Andreas Jgrgensen

Moust Holmes

* = No longer in IceCube

() = Software not fully in GraphNeT 28



Thank you for listening!

MSc/BSc thesis on IceCube ML is available here

% GraphNeT

e} Graph Neural Networks for
Neutrino Telescope Event Reconstruction

o 10

() icecube/graphnet 29


https://drive.google.com/drive/folders/1YGMd1cTIuC-4iQwsPDIWCKPlFAlsBwui
https://github.com/icecube/graphnet

