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What to expect

• https://agenda.infn.it/event/34841/

• Focus on software, detectors and reconstruction
• Selection biased by personal preferences and the 

sessions I attended

• Try to give an overview and a few highlights

• Report on the ECR session (and the ECR workshop 
in Sep)

• Few slides stolen from J. Reuters recap at 
FC@DESY meeting (Nov 03)

The usual disclaimers
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Key4hep software tutorial

• 5 hours of tutorial on Tuesday before workshop 
start

• Introduction of existing tools & exercises for using 
them

• Full chain from running the generator over 
simulation and reconstruction and making plots

• key4hep-tutorials on github

• Focus on Key4hep and EDM4hep and how to run 
existing Marlin processors in Gaudi

• Introduce Gaudi Functional (i.e. how to write 
thread safe algorithms)

• ~25 participants from various communities

• Major update to the Key4hep documentation

• Positive feedback throughout

Spreading the word
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Key4hep in Paestum

• Plenary talk on Thursday by J. M. Carceller
• Nice progress since last workshop
• Overview of ongoing developments

• (Almost) anything simulation or reconstruction 
related mentioned Key4hep

• Also mentioned in quite a few plenary talks

• Community fully supporting this common effort

… (almost) everywhere

Plenary by K. Jakobs

Plenary by S. Rajagopalan
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Key4hep in Paestum

• Plenary talk on Thursday by J. M. Carceller
• Nice progress since last workshop
• Overview of ongoing developments

• (Almost) anything simulation or reconstruction 
related mentioned Key4hep

• Also mentioned in quite a few plenary talks

• Community fully supporting this common effort
• Necessity for success given resource limitations

• Many ongoing efforts in making recent 
developments available in Key4hep

• Migration of FCC detectors to common k4geo 
geometry package

• Integration of reconstruction algorithms and ML
• …

… (almost) everywhere

Plenary by K. Jakobs

Plenary by S. Rajagopalan

Plenary by B. Francois
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https://agenda.infn.it/event/34841/contributions/203993/
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Detector concepts updates
with a strong focus on FCC-ee

ALLEGRO

Find details in these 
talks:
● FCC-ee FullSim 

Implementation by A. 
Tolosa-Delgado

● CLD Update by A. 
Sailer

● IDEA Drift Chamber by 
F. M. Procacci

● FCC-ee IR and MDI 
by M. Boscolo

● Noble Liquid calo by J. 
Pekkanen

● Dual readout calo by 
G. Polesollo

● IDEA vertex detector 
by F. Palla

● CEPC calo R&D by F. 
Guo
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https://agenda.infn.it/event/34841/contributions/207302/
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https://agenda.infn.it/event/34841/contributions/207308/
https://agenda.infn.it/event/34841/contributions/207305/
https://agenda.infn.it/event/34841/contributions/207297/
https://agenda.infn.it/event/34841/contributions/207299/
https://agenda.infn.it/event/34841/contributions/207301/
https://agenda.infn.it/event/34841/contributions/207307/
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Recent & ongoing developments

• Common beam pipe for all concepts
• DD4hep implementation based on CAD design
• Lumical from ILD

• Evolution of CLD
• Testbed for full simulation of complete detector concept
• Option with ALLEGRO ECAL (LAr)
• Option with Array of RICH Cells (ARC)

Towards Fully Simulated FCC-ee detector concepts

FCC-ee FullSim Implementation 

by A. Tolosa-Delgado

CLD Update by A. Sailer
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Recent & ongoing developments

• Common beam pipe for all concepts
• DD4hep implementation based on CAD design
• Lumical from ILD

• Evolution of CLD
• Testbed for full simulation of complete detector concept
• Option with ALLEGRO ECAL (LAr)
• Option with Array of RICH Cells (ARC)

• IDEA developments
• DD4hep models for vertex detector and dual readout 

calorimeter advancing
• Drift chamber reconstruction under development

• ALLEGRO status
• Tracker from IDEA concept
• Barrel calorimeter implementations ready
• Work in progress for endcaps

• Necessity for beam tests to validate simulation

Towards Fully Simulated FCC-ee detector concepts

Noble 
Liquid 
calo
Endcap 
“turbine” 
concept

FCC-ee FullSim Implementation 

by A. Tolosa-Delgado

Noble Liquid calo by J. Pekkanen
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https://agenda.infn.it/event/34841/contributions/207302/
https://agenda.infn.it/event/34841/contributions/207297/
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Reconstruction
The key to physics from collisions

• Plenary by U. Einhaus for a much more comprehensive 
summary

• Covers pretty much everything

• A lot of existing software from LC communities usable in 
Key4hep via the MarlinWrapper

• Working horse for many studies

• See also L. Reichenbach's talk on the challenges and 
possibilities of moving to ACTS for tracking

• Many new developments pushing physics potential of the 
different proposals

• A lot of ongoing efforts to support new detector concepts

arXiv:2203.07535
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Particle Flow in LAr calorimeter
New concepts, new challenges

Pandora in Key4hep by S. 
Sasikumar
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Flavor Tagging and Event Reco

• Flavor Tagging & Jet origin identification 
using Particle Net, DeepJet, Particle 
Transformer, Particle Clouds, …

• Significant improvements over LCFIPlus
• Tagging everything

• Many results for various detector 
concepts (and simulation approaches)

• Next step: Consolidation of these results
• Understand what causes the performance 

differences

The latest ML developments

Jet origin ID by M. Ruan

ML for FCC-ee by 
D. Garcia

ML Flavor Tagging 
by M. Meyer

PF and Flavor Tag with 
GNNs by T. Suehara

ILD

FCC-ee
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https://agenda.infn.it/event/34841/contributions/211981/
https://agenda.infn.it/event/34841/contributions/208238/
https://agenda.infn.it/event/34841/contributions/207748/
https://agenda.infn.it/event/34841/contributions/208239/
https://agenda.infn.it/event/34841/contributions/208239/
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Flavor Tagging and Event Reco

• Flavor Tagging & Jet origin identification 
using Particle Net, DeepJet, Particle 
Transformer, Particle Clouds, …

• Significant improvements over LCFIPlus
• Tagging everything

• Many results for various detector concepts 
(and simulation approaches)

• Next step: Consolidation of these results
• Understand what causes the performance 

differences

• ML for Particle Flow
• Using object condensation
• Raw detector inputs clustered into particles 

in embedding space
• Next steps: Add track info

• Ultimate Goal: Integration into Key4hep

The latest ML developments ML for FCC-ee by 
D. Garcia

PF and Flavor Tag with 
GNNs by T. Suehara | ECFA recap, analysis & software | T. Madlener | 07. Nov 2023

https://agenda.infn.it/event/34841/contributions/208238/
https://agenda.infn.it/event/34841/contributions/208239/
https://agenda.infn.it/event/34841/contributions/208239/
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Talk by E. A. Bagnaschi
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ECR Session & Panel Discussion

• Introduction of ECFA ECR Panel

• Report on recent ECR workshop at CERN
• Follow up with national events

• (Open) panel discussion with 4 ECR panelists
• Antoine Laudrain (DESY)
• Rebeca Gonzalez Suarez (IFCA - U. Oviedo)
• David Marzocca (INFN Trieste)
• Thomas Madlener (DESY)
• Karl Jakobs*

• Mixed attendance

• Cut short by delays

*second part of the discussion (not exactly ECR)

Talking about the future of FCs
• No real preference for a specific project from 

panelists
• Location might matter more than form factor

• Timelines might be an issue
• (Not really discussed in Panel, but coffee break 

talk)
• Not sure if people will come back if they switched 

to another (smaller) project

• General feeling that ECRs are being heard in 
ECFA

• … and that contributions are appreciated

• … but also that there is always room for more 
involvement (from both sides)

• Cautious optimism(?)
too busy discussing to 
take a picture
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Summary

• Key4hep is everywhere and all developments are converging towards it

• Progress towards full simulation for FCC-ee concepts

• New detector concepts come with new challenges in simulation and reconstruction

• Many Machine Learning approaches for high level reconstruction
• Strange tagging becomes a thing

• Cautious optimism among ECRs

• Intense 2.5 days (3.5 incl. Key4hep tutorial)
• With lots of things I didn’t tell you about

• FCC is gathering steam
• Many ECRs from CERN

• Still a lot of work ahead

…and final thoughts
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•

 | SW, Detectors, Reconstruction & ECR Panel recap | T. Madlener | 03. Nov 2023

Thank 
You
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Preliminary ECR workshop survey results
An extremely limited overview

See the full presentation for 
more (preliminary!) results

[...], how long do you think it 
is acceptable to wait before 
the decision of which 
machine to build [...]?
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working on projects 
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Cluster counting for PID

• Cluster counting (dN/dx) with prospect of improved PID 
capabilities wrt dE/dx

• Updated simulation based on Garfield++ and Geant4
• Simulate single drift cells precisely
• Parametrize response for full simulation
• Some discrepancies

• Promising beam test results

• Develop algorithms to reconstruct dN/dx
• Applied to test beam data
• Match expectations
• Further testing ongoing

• More beam tests to come

Simulation & reconstruction

Cluster Counting for PID, PID for 
IDEA DC by W. Elmetenawee
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