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Algorithms: Gateway to Science

ATLAS Simulation Preliminary
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ATLAS Simulation Preliminary
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Algorithms: Gateway to Science

Track Finding

Bubble Chambers (~1970)

15-FooT BusBLE CHAMBER, NATIONAL ACCELERATOR LABORATORY
SEPTEMBER 29, 1973 NAL PHoTo 73-939-19




Graph Neural Networks

» Well suited to working in more than 2 dimensions!

Towards a realistic track reconstruction algorithm

Well suited to track finding in a HEP experiment!
based on graph neural networks for the HL-LHC

Charline Rougier (charline.rougier@12it.in2p3.fr)
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A Plan for Scientific Software in the 2020’s

Many workshops, involving a diverse group January 2017 UCSD - USA

* International participants

e 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
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Particle physics has an ambitious and broad experimental programme for the coming decades. This programme requires large
investments in detector hardware, either to build new facilities and experiments, or to upgrade existing ones. Similarly, it requires
commensurate investment in the R&D of software to acquire, manage, process, and analyse the shear amounts of data to be
recorded. In planning for the HL-LHC in particular, it is critical that all of the collaborating stakeholders agree on the software goals
and pricrities, and that the efforts complement each other. In this spirit, this white paper describes the R&D activities required to
prepare for this software upgrade.
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A Plan for Scientific Software in the 2020’s
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Science and the Scientists are'at the center...
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Algorithm Landscape

e C++
* Computing Centers
* Cloud Native n
* Commercial Cloud = * Python
ek 2 * Matplotlib
"’y‘ . Numpy ~ Ecosystem
* Numba, JAX
e PyTorch
s, )
* pyHF — Statistical Models (S o] FNeA * Kalfka - Streaming
« Awkward Array — Big Data ESSource S * Airflow - Workflows

e Hist * DASK, RAY - Multiprocessing

 ROOT

“How do small teams have a large impact?”




Enabling New Techniques

Selection Neural
(Physics Motivated) Network

Final Result

PyTorch
Optimize for S/v/B




Enabling New Techniques

Selection Neural
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Enabling New Techniques

Selection Neural
(Physics Motivated) Network

Final Result

Differentiable Programming
Optimize for Sensitivity
With systematic errors

With Selections and Physics




Enabling New Techniques

Selection Neural -
__

(Physics Motivated) Network Final Result

MODE Collaboration
Optimize for Sensitivity
With systematic errors
With Selections and Physics
With Simulation & Reconstruction
With Detector Design




Algorithms In Hardware

100 KHz : LR h I s 4 m I
‘ 1 MB/evt
High-Level Offline
40 MHz trigger reconstruction

. L1 trigger
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throughput constraint constraint

* Al & Hardware Experts for “substrate”




L2AT

Algorithms

Community

Tools and Technology
(ROQT, Python, etc.)

Algorithms

Science R
Techniques

Facilities (Tracking, GW Analysis, etc.)

Machine Learning




= < WODELISER . 15%
o
W

accélérateur de particules




Building Community

Formal Efforts

* Entry Level: Software Carpentries

* Domain Specific: Using common tools, ML schools
* Experiment Specific: Internal boot camps

Sponsored Efforts
* Weeklong trainin n id travel
eeklong t aining eve ts (pald.t avel) Workshops
* Co-located with National Meetings e EREes
* Mentorship: Fellows programs (in person & remote) Meetings
| N ‘

Iy n:

Building the Field
* Job Market ;
* C(Citations & other forms of credit o e e

* Job Promotions Country

Region




Algorithms: Gateway to Science

CMS’s High Granularity Calorimeter

Finer Grained Detector

15K — 6000K Readout Channels

An Endcap ‘Dee’

14 cantilevered ‘part
supercrystals’ per Dee

138 5x5 cantilevered
supercrystals per Dee

3662 crystals per Dee
14648 crystals for the 4 Dees
Crystal mass: 5.4 tonnes per Dee

Unprecedented ability to study jet evolution

Algorithms & Computing

* Unprecedented jet reconstruction, resolution

* Jet evolution studies never before possible

* Energy measurement shorter than radiation length

New algorithms: Graphical Neural Networks!

If this works, likely the future of calorimeters in HEP PbWOA4 Crystals Silicon Cells!




