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A Turnkey Software Stack for HEP

Imagine this:

You want to do a new HEP project study

All the software is already installed

Build a detector with a couple lines of text

Full Geant4 simulation directly available

Basic event reconstruction already set up

Detector performance plots also

L. Reichenbach (CERN / University of Bonn) 2025-06-23 / Venice Symposium 2/8


mailto:leonhard.reichenbach@cern.ch?subject=Talk: Key4hep and Future Collider Software

A Turnkey Software Stack for HEP

Imagine this:
e You want to do a new HEP project study
e All the software is already installed
e Build a detector with a couple lines of text
e Full Geant4 simulation directly available
e Basic event reconstruction already set up
e Detector performance plots also

e You can immediately start working on the
part that interests you

Add a new calorimeter technology
Implement a tracking algorithm
Test new Al-based particle flow
Or “just” do full-sim analysis

[e]

O O O

L. Reichenbach (CERN / University of Bonn) 2025-06-23 / Venice Symposium 2/8


mailto:leonhard.reichenbach@cern.ch?subject=Talk: Key4hep and Future Collider Software
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e You want to do a new HEP project study
e All the software is already installed
e Build a detector with a couple lines of text
e Full Geant4 simulation directly available
e Basic event reconstruction already set up
e Detector performance plots also

e You can immediately start working on the
part that interests you

Add a new calorimeter technology

Implement a tracking algorithm

Test new Al-based particle flow

Or “just” do full-sim analysis

Impossible?
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A Turnkey Software Stack for HEP

Imagine this:
e You want to do a new HEP project study
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e All the software is already installed
e Build a detector with a couple lines of text

Towards a Turnkey Software Stack for HEP Experiments

e Full Geant4 simulation directly available

André Sailer"*, Gerardo Ganis', Pere Mato', Marko Petric', and Graeme A Stewart!
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Implement a tracking algorithm
o Test new Al-based particle flow
o Or “just” do full-sim analysis

Impossible? No!
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The Common Software Vision: Key4hep

Common event data model EDM4hep

e Consistent interface enabling easy
exchange and re-use of algorithms

Event Data Model: EDM4hep

Complete set of tools for

e Generation, simulation, reconstruction,

analysis i ion| \ Analysis
. ) struction _
e Develop, build, package, test, deploy, run ; Overiay orkaiy

Digitization Jet Clusﬁeripg
Tracking | Flavor Tagging
PFA .

Current core ingredients
e PODIO for EDM4hep (LCIO+FCC-EDM)
e Gaudi framework (ATLAS/LHCDb)
e DD4hep for geometry (detector plug&play)
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o Key4hep
e Mostly curating existing tools, only develop R
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Present Usage
e All current future collider studies done with
Key4hep
e C3, CEPC, CLIC, FCC, ILC, LCF, MuCaol, )

10 TeV Plasma Wakefield Collider
e Other experiments: EIC, LUXE i
e ECFA Higgs/EW/Top factory study
e DRDs, CALICE, LCTPC, EUDAQ

e Balance: fast-results vs. upstreaming
developments

o5 IR T
6{nrad) o[nrad)

I
-

e Many users still in transition from
Marlin/LCIO VT e T e
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Key4hep Organisation

Discussions on common HEP software stack, including the definition of a common EDM (EDM4hep)

e No formal structure
e Open mailing list via CERN e-group

o Weekly open meeting with minutes, May 2025
alternating between framework and EDM B wayso Tracking discussion

June 2025

Jun10 EDM4hep Discussion

[ may2r EDM4hep Discussion

e Decisions made by consensus
e Github Org

e New: yearly in-person meeting for ¥ wayoo Keydnep Discussion
medium/long'term planning There are 264 events in the past. Show

May20 Key4hep Discussion

[ may13 EDM4hep Discussion
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Key4hep: the Future?

Approximate FTE for core Key4hep developments/operation (*projection)
Year 2020 2021 2022 2023 2024 2025 2026*

Total FTE 315 4 315 315 4 3 0.5
Permanent FTE 0.1 0.1 0.1 0.6 0.5 0.3 0.3

Primarily AIDAinnova and CERN EP R&D funded PostDocs,
supplemented by CERN and DESY base funds

Challenging knowledge retention between non-overlapping "generations”
Both sources of R&D funding are expiring soon, no replacement secured yet
At the same time Key4hep usage and support needs are growing!

Even the current funding level barely keeps the project afloat
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o Widespread adoption proves the readiness of the community to take a significant step
towards a shared software ecosystem

e Collaboration across different communities and a consensus-based decision-making
process have proven effective

e Key4hep has successfully become the standard for future collider physics studies
e Growing demand of support and maintenance exceeds the scope of R&D funding

e Sustained funding and long-term institutional commitment is crucial and needed now to
keep up

This project has received funding from the European Union’s Horizon 2020 Research and Innovation programme under
GA no 101004761. This work benefited from support by the CERN Strategic R&D Programme on Technologies for
Future Experiments. This work has been sponsored by the Wolfgang Gentner Programme of the German Federal

Ministry of Education and Research (grant no. 13E18CHA).
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