
Summary on
Simulation and Reconstruction

First ECFA Workshop on e+e- Higgs/EW/Top Factories
Hamburg 07.10.2022

Uli Einhaus

ulrich.einhaus@desy.de



Summary on Sim. and Reco.  |  First ECFA WS on Higgs/EW/Top Factories  |  07.10.2022  |  Uli Einhaus 2

Overview

● Michele Selvaggi: Progress on Delphes

● Engin Eren: Generative Models for Calorimeter Showers

● Juraj Smieško: Reconstruction with KEY4HEP

● Nicola De Filippis: PID with Cluster Counting

● Yasser Radkhorrami: ErrorFlow - Jet Error Est. for KinFit

● Leonhard Reichenbach: Charged Lepton ID in Jets

● Uli Einhaus: A PID Framework for FHFs

● Taikan Suehara: LCFIPlus and ongoing works with DNN
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Michele Selvaggi: Progress on Delphes Link

https://indico.desy.de/event/33640/contributions/128007/
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Michele Selvaggi: Progress on Delphes Link

Jet Clustering

● Durham 
inclusive/exclusive

● Valencia

https://indico.desy.de/event/33640/contributions/128007/
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• MC simulation is computationally intensive
• Calorimeters most intensive part of detector simulation

• Generative models potentially offer orders of 
magnitude speed up 

• For the first time more challenging hadron showers 
in a high granular hadronic calorimeter 

Cell Layout: 30 x 30 x 
30 (Photon showers)

Cell Layout: 48 x 25 x 25 
(Charged pion showers)

Shower generated by neural 
network!!

*WGAN: (Wasserstein-) Generative Adversarial Neural Network
*BIB-AE: Bounded-Information Bottleneck Autoencoder

LinkEngin Eren: Generative Models for Calorimeter Showers

https://indico.desy.de/event/33640/contributions/128008/
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Engin Eren: Generative Models for Calorimeter Showers

Generator Level

 arXiv:2112.09709 

Reco Level

● Great progress
● Publications ongoing
● Various open questions

Link

https://indico.desy.de/event/33640/contributions/128008/
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Juraj Smieško: Reconstruction with KEY4HEP Link

https://indico.desy.de/event/33640/contributions/128009/
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Juraj Smieško: Reconstruction with KEY4HEP Link

https://indico.desy.de/event/33640/contributions/128009/
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Nicola De Filippis: PID with Cluster Counting

dE/dx: Truncated mean cut (70-80%) reduces the amount 
of  collected information. n =  112 and a 2m track at 1 atm 
give σ ≈  4.3%

dNcl/dx: δcl = 12.5/cm for He/iC4H10=90/10 and a 2m  
track gives  σdNcl/dx /(dNcl/dx) = Ncl

-1/2 < 2.0%

 Garfield++ in agreement 
with analytical calcu-
lations up to 20 GeV/c, 
then falls much more 
rapidly at higher 
momenta

 The particle separation in 
GEANT4 is considerably 
worse than in Garfield++. 
Why?

 Need to check with data 
→ beam test!

Link

https://indico.desy.de/event/33640/contributions/128012/
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Nicola De Filippis: PID with Cluster Counting

• Beam test at CERN-H8 with
165 GeV µ

• Poissonian behaviour
• Meaurements and predictions about 

the number of clusters are in very 
good agreement, with 1cm cell size

• Study the 1/ region at PSI (bg ≈ 1-4)
• Study the relativistic rise at 

MT6/Fermilab  (bg ≈ 10-140) 

Link

https://indico.desy.de/event/33640/contributions/128012/
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Yasser Radkhorrami: ErrorFlow - Jet Error Est. for KinFit Link

https://indico.desy.de/event/33640/contributions/128013/
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Yasser Radkhorrami: ErrorFlow - Jet Error Est. for KinFit Link

https://indico.desy.de/event/33640/contributions/128013/
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Leonhard Reichenbach: Charged Lepton ID in Jets

● Electron and muon ID so far 
studied for isolated particles, 
e.g. Z→e+e-/µ+µ-

● First look into e/µ in H→bb  
for neutrino correction
● Black: raw particle flow
● Blue: incl. detailed cluster 

shape
● Green: blue + dE/dx

dE/dx gives 
important 

contribution to e-ID 
up to 20 GeV

Link

https://indico.desy.de/event/33640/contributions/128262/
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Leonhard Reichenbach: Charged Lepton ID in Jets

● Electron and muon ID so far 
studied for isolated particles, 
e.g. Z→e+e-/µ+µ-

● First look into e/µ in H→bb  
for neutrino correction
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● Blue: incl. detailed cluster 

shape
● Green: blue + dE/dx

dE/dx gives 
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Uli Einhaus: A PID Framework for FHFs

● Optimise and compare detectors

– Is Silicon dE/dx worth considering?

– At what timing resolution starts 
TOF to be relevant for flavour 
tagging?

– How does my physics result 
depend on the dE/dx resolution?

– What if we add a RICH to SiD?

● Proposal: ‚Comprehensive PID Processor’

● For now, being implemented in LCIO / Marlin

– immediately usable in Key4HEP via ‘Marlin 
wrapper’

– target: implement in EDM4HEP, make available 
to whole FHFs community

● Modular:

– observables algorithms

– training methods / evaluation algorithms

● Core code takes care of book keeping

– simple, well defined data structures for storage 
(TTree) and interfaces (std::vector)

Link

https://indico.desy.de/event/33640/contributions/128010/
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Uli Einhaus: A PID Framework for FHFs

● Steering file
– input sample
– observables algorithms
– signal categories PDGs
– evaluation algorithm
– weight file
– sample cuts etc.

● Possibility to store observables 
and do training separately 
(python etc.)

● Separate performance 
assessment for various plots 
incl. eff./pur. MC PDG vs. Reco 
PDG and separation power

select events by
PFO properties

store observables
in TTrees

steering file

input sample:
PFOs

observables
algorithms

observables
values

weight file

evaluation
algorithm

output:
PFO PID

PFOs

TTrees

PID
parameters

for regular user
for module developer

Community input
requested!

Link

MCParticles

Tracks, Cluster, etc.

output:
PFO PID

Performance
assessment

https://indico.desy.de/event/33640/contributions/128010/
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Taikan Suehara: LCFIPlus and ongoing works with DNN
http
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Displaced track -> b/c quarks

400 mm 100 mm

Performance of vertex finding

Performance of
b/c tagging
with Z  qq
91 GeV and

6q 1000/500 GeV

• Standard flavor tagging software
for ILD/CLIC since 2013

• Integrated software for
– Vertex finding (tear-down, build-up)
– Jet clustering (incl. beam rejection)
– Flavor tagging (b/c/q separation)

based on BDT/TMVA

• Data/process model independent
of LCIO/Marlin structure

Link

https://doi.org/10.1016/j.nima.2015.11.054
https://github.com/lcfiplus/LCFIPlus
https://indico.desy.de/event/33640/contributions/128011/


Summary on Sim. and Reco.  |  First ECFA WS on Higgs/EW/Top Factories  |  07.10.2022  |  Uli Einhaus 18

• Vertex finder with LSTM
– Following LCFIPlus strategy

• Replacing pair selection and track 
association with NN and LSTM

– Similar performance to LCFIPlus
• Flavor tagging with GNN ongoing

• Introducing GravNet / object 
condensation (from HGCal) to ILC

• GravNet: contrastive GNN layers
• Object condensation: to gather true hits
• First implementation done: performance 

evaluation ongoing

Vertex finding / Flavor tagging Calo clustering / PFA

GravNet structure Object condensationNetwork architecture for track association

* (Deep) Neural Network with Long Short-Term Memory

Taikan Suehara: LCFIPlus and ongoing works with DNN Link

https://indico.desy.de/event/33640/contributions/128011/


Lots of work done, lots of work ahead of us!

Thanks to all contributors!

Community input
requested!
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