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The challenge with machine learning in physics
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Challenge

⛰ Developers may have little ML experience

⛰ Siloed development, often from scratch

Risk

❌ Brittle, suboptimal solutions

❌ Time spent on “boilerplate” instead of physics

from tensorflow.keras import *
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We’re working on very related problems
Similar detectors, data, physics processes, deployment setting, end-users, etc.
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Task Physics process Regime Detector

Particle ID
Energy reco.
Pointing reco.
Vertex position
Noise cleaning
Etc.

“Zoo” of use cases not solved holistically

Noise
μ
νe

νμ

vτ

BSM

Low-energy
High-energy

IceCube-86
DeepCore
Upgrade
Gen-2
Etc.

Choma et al.

DNN-reco
Low-E double-bang

✕ ✕ ✕
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Potential for new ways of working with ML in physics

Potential
● Address “zoo” of ML use cases holistically

● Collaboration between individual use cases

● Using validated, best-practices code

● Efficient software/ML development workflows
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Outcome
● More time for physics

● Better, more reliable results

● Contributions of individual ML developers 
has a broader, lasting impact in the 
collaboration

Proposition
● Reusable GNN components for plug-and-play ML

● All components for end-to-end ML pipeline (data → prod.)

● Validated code, following best practices

● Applicable across all of IceCube + other experiments
icecube/graphnet

graphnet-team

https://github.com/icecube/graphnet
https://join.slack.com/t/graphnet-team/signup
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Inference dataTraining data Deployment

Model training

Factoring out ML from physics
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GraphNeT in a nutshell
Modularised, plug-and-play ML components for any use case.
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GraphNeT in a nutshell
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from graphnet import (
  EuclideanGraphBuilder as GraphBuilder,
  IceCubeUpgrade as Detector,
  DynEdge_V2 as GNN,
  EnergyReconstruction as Task,
)

# Go do physics!
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…ideally
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from graphnet import Model

model = Model.from_pretrained(
    "icecube-low-energy-neutrino-v2"
)

# Go do physics!



Current status
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💃 v1.0.0 coming soon
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Current status (v0.2.0)
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Current status (v0.2.0)
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Roadmap to v1.0.0
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Goal of initial public release

To provide user-friendly, end-to-end functionality
 to perform most common reconstruction tasks

using graph neural networks in IceCube
 and other neutrino telescope experiments.

Out-of-scope: 

● Specific downstream physics analysis
● Other “deferred”: Profiling code, event viewer, CLI, ensembles, additional feature engineering, etc.
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https://github.com/icecube/graphnet/issues/275
https://github.com/icecube/graphnet/issues/263
https://github.com/icecube/graphnet/issues/104
https://github.com/icecube/graphnet/issues/41
https://github.com/icecube/graphnet/issues/188
https://github.com/icecube/graphnet/issues/124
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Roadmap
Quality (6)

● Improve code coverage 
and maintainability

● Additional quality 
standards (docstrings, 
type hints) for pre-commit 
hooks

● Enforce pre-commit hooks 
in CI/CD pipeline

● Add CodeClimate bot for 
automated PR reviews
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Features (12)

● Allow easily running in 
Docker/Singularity

● Implement new tasks 
(node regression, 
multi-task classification, 
pointing, track length)

● Implement more 
sophisticated uncertainty 
estimated (energy, 
pointing)

● Adversarial training 
(maybe!)

● Etc.

Documentation (6)

● Add flowchart/infographic 
to introduce the package

● Add docstrings throughout

● Add README’s to each 
core module

● Update README with 
Docker badge

● Add setup instructions for 
Docker/Singularity

● Add CITATION file

Physics (5)

● List current and potential 
future physics uses

● Develop structure for 
analysis code and 
workflows

● Document data and 
models through config 
files

Resolve all bugs

https://github.com/icecube/graphnet/milestones
https://github.com/icecube/graphnet/milestone/2
https://github.com/icecube/graphnet/milestone/4
https://github.com/icecube/graphnet/milestone/1
https://github.com/icecube/graphnet/milestone/6
https://github.com/icecube/graphnet/issues?q=is%3Aopen+is%3Aissue+label%3Abug
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