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Neutrino Telescopes

Neutrino telescopes are used to both characterize
the neutrino itself and to provide a complementary
view of astrophysical objects.
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Neutrino Telescopes

Event 134812/71996695-0
Time 2020-09-21 19:07:12 UTC
Duration 27244.2 ns
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Neutrino Telescopes

Re-use models from one telescope to another

Facilitate cooperation between deep learning experts
and physics domain experts

Phrased in a way that is accessible to the general
deep learning community, so they may help us out!

Event 134512/71996698-0

Time 2020-09-21 19:07:12 UTC
Duration 27244.2 ns




G raph NeT Coraphnet-team/graphnet

A Deep Learning Library for Neutrino Telescopes

e A framework for developing DL-based tools for neutrino telescopes

e One stop shop: from model development to
o Developers
m Everything needed to build, train and validate models from scratch

m Can choose from a library of pre-trained models and apply them

graphnet.deployment
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https://github.com/icecube/graphnet

graphnet.data

code for reading, writing and processing data

Different data representations can
be built in graphnet, making it Raw Data SEPN  noco e
compatible with the established
deep learning paradigms like

Pixels

CNNs, GNNs, RNNs,
Transformers, etc.
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graphnet.data

code for reading, writing and processing data

Different data representations can
be built in graphnet, making it Full Detector

Active Sensors Graph
compatible with the established
deep learning paradigms like Aot e AL R
IR e s
CNNs, GNNs, RNNs, L AR IR
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graphnet.models

code for building, configuring, training and saving models

StandardModel
Converted “ Data

StandardModel is a modularized
model class where data
representation, model architecture
and physics task are
interchangeable modules, allowing
methods to be repurposed easily.

This class supports the vast majority
of supervised learning tasks.

Model is a freeform model class with
no rails, attended for niche methods
and advanced users.
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graphnet.models

code for building, configuring, training and saving models

StandardModel

Converted

data KNNGraph

DynEdge

Energy
Reconstruction

Predictions

Conceptual illustration of the code to the right

from
from
from
from
from

from

graphnet.models.detector.icecube import IceCubeDeepCore
graphnet.models.task.reconstruction import EnersgyReconstruction
graphnet.training.loss_functions import LogCoshLoss
graphnet.models.graphs import KNNGraph

graphnet.models.gnn import DynEdge

graphnet.models import StandardModel

# Instantiate Modules
graph_definition = KNNGraph(detector = IceCubeDeepCore())
backbone = DynEdge(nb_inputs = graph_definition.nb_outputs)

task

= EnersyReconstruction(loss_function = LogCoshLoss(),

hidden_size = backbone.nb_outputs)

# Build GraphNeT Model
model = StandardModel(

graph_definition=graph_definition,
backbone=backbone,

tasks=[task]

)

Example of defining a StandardModel in GraphNeT
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graphnet.models

code for building, configuring and saving models

The StandardModel provides a very *ee
simple training syntax, significantly _ _

. . # Train Model w. EarlyStopping On GPU @
|Owel’lng the teChr"Cal threShO|d for model.fit(train_dataloader = train_dataloader,
training complex models, without wals flatal earamas val, dataloader,

. . . max_epochs = max_epochs,
compromising on functionality. gpus = [01)

# Predict on Test Set Using GPUs
results = model.predict_as_dataframe(dataloader = test_dataloader,
gpus = [0])

# Save model and predictions to disk
model.save_state_dict('state_dict.pth')

model.save_config('model_config.yml')

results.to_csv('results.csv)
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graphnet.models

code for building, configuring and saving models

Models in GraphNeT can be fully
summarized using config files and from graphnet.models import StandardModel

their WelghtS. # Re-Create Model From Config File

model = StandardModel.from_config('model_config.yml')
# Load Weights from Training Session
model.load_state_dict('state_dict.pth')

# Re-use model!
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GraphNeT is a Community b

GraphNeT is built by a community of deep learning
enthusiasts working at the intersection of ML and
Ileutr inO thSiCS. Contributors 21
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Two most recent annual GraphNeT Workshops. The workshops aim to bring the

community together and focus on solving common problems using GraphNeT.
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Examples of Usage

GraphNeT can be used to build and
apply deep learning techniques at
every step of a physics analysis

Classify events Reconstruct labels
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ICECUBE NEUTRINO OBSERVATORY ‘- RESEARCH CODE COMPETITION - A YEAR AGO
E«iai

gle lceCube - Neutrinos in Deep Ice

1
et

Reconstruct the direction of neutrinos from the Universe to the South Pole

Cascades Events Track Events
On behalf of the IceCube Collaboration, Philipp Eller 2% ) — 3] o riace
organized a Kaggle competition, where participants were 51 ey o ] peseline.
tasked with producing algorithms that could accurately %= s 77| Knemete Aol
predict neutrino directions. & .

e 900 participants
e 11.200 submissions
e $50.000 prize pool
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We provided them with a baseline to compare against [ 5
using GraphNeT, along with technical material to ° o Neutrinibénergy o S

introduce them to the library. Many participants used
GraphNeT.

Several participants made contributions to GraphNeT. 15



Getting Involved is Easy

GraphNeT is rich with community
resources to get you started.
Quick Start

We recommend checking out PyTorch PyTorch 2.2+ wio PyTorch

. Colab Notebook cupA e 121 “

Run: git clone https://github.com/graphnet-team/graphnet.git
cd graphnet

pip install -r requirements/torch_cpu.txt -e .[torch,develop]

*  Publications using GraphNeT

Snapshot of the installation matrix from the GraphNeT documentation
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https://colab.research.google.com/drive/1es7ssksgg7x3rrSHJ_qOlk1tIJfYwQw2?usp=sharing
https://github.com/graphnet-team/graphnet?tab=readme-ov-file#publications-using-graphnet
https://github.com/graphnet-team/graphnet
https://join.slack.com/t/graphnet-team/shared_invite/zt-2c48cx8jm-pSpi1sNIiX6tixrT3uOe1Q

