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Bubble Chambers (~1970)

Track Finding

Bubble Chambers (late 1970’s)

+

PEPR   +
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Graph Neural Networks

Well suited to working in more than 2 dimensions!

Well suited to track finding in a HEP experiment!

Use physics to modify a 
standard algorithm.
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January 2017 UCSD - USA

June 2017 Annecy

Many workshops, involving a diverse group
• International participants
•Computing Management from the Experiments and Labs
• Individuals interested in the problems
•Members of other compute intensive scientific 

endeavours
•Members of Industry
•Run by HEP Software Foundation
•http://s2i2-hep.org/
•https://hepsoftwarefoundation.org/

Grassroots Effort

http://s2i2-hep.org/
https://hepsoftwarefoundation.org/
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SWIFT-HEP (UK/STFC)

HEP Software Foundation’s R&D Plan (CERN)
And CERN R&D

(USA/NSF)

HEP-Center For Computing Excellence 
(USA/DOE)
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Analysis

Data Organization, Management, Access

Algorithms

Machine Learning

Areas of 
Research And 
Development

• Student Training

• Train the Trainers
Training

• Consensus

• Workshops
Community

• Scale Up

• Production
Production

“Substrate”
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Science and the Scientists are at the center…



Algorithm Landscape
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Computing

Open 
Source
Tools

Languages

• C++

• Python
• Matplotlib
• Numpy
• Numba, JAX
• PyTorch

Ecosystem

• Kalfka - Streaming
• Airflow - Workflows
• DASK, RAY - Multiprocessing

Community 
Tools

• Computing Centers
• Cloud Native
• Commercial Cloud

• pyHF – Statistical Models
• Awkward Array – Big Data
• Hist
• ROOT

• Julia, Dex, …

“How do small teams have a large impact?”
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PyTorch

Optimize for 𝑆/ 𝐵

Selection
(Physics Motivated)

Neural 
Network

Final Result
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NEOS
Optimize for Sensitivity
(with systematic errors)

Selection
(Physics Motivated)

Neural 
Network

Final Result
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Differentiable Programming
Optimize for Sensitivity
With systematic errors

With Selections and Physics

Selection
(Physics Motivated)

Neural 
Network

Final Result
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Selection
(Physics Motivated)

Neural 
Network

Final Result

MODE Collaboration
Optimize for Sensitivity
With systematic errors

With Selections and Physics
With Simulation & Reconstruction

With Detector Design
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A3D3
• High Energy Physics
• Multi-Messenger Astronomy
• Neuroscience
• AI & Hardware Experts for “substrate”
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Algorithms

Community Tools and Technology
(ROOT, Python, etc.)

Science

Techniques
(Tracking, GW Analysis, etc.)

Machine Learning

Facilities

1970 2040
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Formal Efforts
• Entry Level: Software Carpentries
• Domain Specific: Using common tools, ML schools
• Experiment Specific: Internal boot camps

Sponsored Efforts
• Weeklong training events (paid travel)
• Co-located with National Meetings
• Mentorship: Fellows programs (in person & remote)

Building the Field
• Job Market
• Citations & other forms of credit
• Job Promotions

Workshops
Conferences

Meetings

Labs

Universities

Country

Region

Experiments
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Run 2 Run 4

Silicon Cells!PbWO4 Crystals

Finer Grained Detector

15K → 6000K Readout Channels

Unprecedented ability to study jet evolution

If this works, likely the future of calorimeters in HEP

Algorithms & Computing
• Unprecedented jet reconstruction, resolution
• Jet evolution studies never before possible
• Energy measurement shorter than radiation length

New algorithms: Graphical Neural Networks!

CMS’s High Granularity Calorimeter


