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Software commonalities
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● DRD6 as a collaboration will allow to create an organic ecosystem for common 
activities all the R&D need to carry on

● Software-wise I’ll focus on

● Data acquisition (EUDAQ2)

● Simulation

● Particle Flow Algorithm

● Machine (Deep) Learning Approach

● ...
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EUDAQ - Data Acquisition Framework
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● EUDAQ is a Generic Multi-platform Data Acquisition Framework. 

● it was originally developed to read out data from the EUDET-type pixel 
telescopes.

● Version 2 comes with more flexible cross connectivity between components, 
multiple data collectors, and a cleaner separation between core functionalities 
and user modules.

● The modular and cross-platform data acquisition framework serves as

● a flexible and simple-to-use data taking software for the EUDET-type pixel 
beam telescopes 

● easy integration of many other detectors. 

● Finite state machine based
Y. Liu et al 2019 JINST 14 P10033
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EUDAQ - Data Acquisition Framework
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PUT your calorimeter library here!

EUDAQ - Data Acquisition Framework

Y. Liu et al 2019 JINST 14 P10033

Y. Liu et al 2019 JINST 14 P10033

• Implementation of custom 
producers is rather simple

• easier integration with 
other eudaq producers 
(TLU, Telescopes)

• Already a long list of 
custom producers 
integrated: 

• CALICE SiWECAL, CALICE 
AHCAL, CALICE SiWECAL
+ AHCAL, CMS HGCAL 
silicon prototype + CALICE 
AHCAL, ...
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EUDAQ2 @AIDAinnova (WP3: TB and DAQ infrastructure)
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Task 3.4: Development of 
DAQ software for the next 
generation of beam tests

Two main targets: 

- Fast timing support

- New online monitoring

- event display (needs 
detector geometry 
definition)

- Data Quality Monitoring
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Geant4 simulation 
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● Calorimetry is among the detectors which has a wider 
support by G4 collaboration

● Among most common tasks

● optimization of detector layout

● data-MC comparison

● extrapolation of performance for physic reach

● A few key elements:

● use TB data for Geant-Val validation and code 
improvements

● physics process e model

● Fluka interface

● R&D for better SW performance

Generating calorimeter 
showers is the most 
challenging simulation 
task. 

Several hadronic 
physics models are 
adopted within a single 
Physics List with often 
overlapping ranges of 
applicability.
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Testbeam data for Geant-val
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geant-val.cern.ch

Geant-val is the Geant4 validation 
and testing suite.

For the Community, it allows to 
deploy results on a common data-
base and fetch the information via 
a web-interface.

For the developers, it allows to 
create multiple jobs over beam 
energies, particle types, physics 
lists

Slide material courtesy L. Pezzotti

Better to involve G4 collaboration at the beginning of the 
testbeam. G4 collaboration available to help with the 
geant4-val inclusion
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Testbeam data for Geant-val
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● Among the calorimeter testbeam included in Geant-val

● Atlas TileCal and HEC

● Dual-readout Capillary-based fiber calorimeter

● CALICE SiW calorimeter

Slide material courtesy L. Pezzotti
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Testbeam data for Geant-val
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Data-MC comparison and simulation code improvement

Slide material courtesy L. Pezzotti

PRELIMINARY

Large efforts in 
improving/testing 
existing hadronic 
models in Geant4

e.g.
Extension of the 
INCL model for 
annihilation

TB data are very useful physics data! 
Need to preserve them for later use!
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Calling FLUKA in a G4 Simulation
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Slide material courtesy L. Pezzotti
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Geant4 R&D
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Slide material courtesy L. Pezzotti

Of great interest for EM shower simulation and transport of photon in optical media
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DD4HEP
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DD4HEP  can be used for detector description

- easy to scale from prototype size simulation to “full experiment” one

- needed for physics performance assessment
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Particle Flow Algorithm in a nutshell
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Particle Flow Algorithm
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● Largely implemented in CALICE calorimeters

● 17/23 proposals mention PFA as desired/needed reconstruction algorithm

● Consequence of the high granularity layout of proposed calorimeter concept

● good PFA requires global ECAL+HCAL calorimetric system 

● ability to follow hadron interaction in the ECAL

● PFA needs may put some constraints on homogeneous ECAL.
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Machine (Deep) Learning Approach
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● Machine Learning approach is gaining more and more importance in HEP and in 
calorimetry in particular

● highly complex data with large number of detailed information 

● Simulation provides tagged data for supervised learning

● Tracking, clustering, particle ID ... 
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Full exploitation of information content in High Granular HadCalo
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● Proposal in track 4 – blue sky project

● High granularity allows getting information with much richer level of details 
of hadron and jet shower development

● PID from nuclear interaction (ultimate discrimination power, cell size 
dependence)

● Use of neuromorphic computing to exploit information of higher 
granularity information before feature extraction at back-end elx

● Hybridization of tracking and calorimetry (detector material density 
gradually increasing from tracking to calorimeters

● Models for full optimization of tracking + calorimeter design

MODE collaboration
INFN-Padova
Lulea Tech. U.
U. Oviedo
U. Clermont Auvergne
KIT
Rheinland-Pfalzische Tech. U.
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Software repositories
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● Software we use (e.g., G4, EUDAQ, DD4HEP... ) are developed by collaborations

● each have its own repository – no duplication

● Specific applications for R&D in DRD6 could leave in the same repository area

● Development of common code

● DAQ & G4 simulation of common Test beam line

● Reconstruction algorithms

● ...

● Save person-power and time (both for coding and cross-validation)

● Common Event Data Model is also needed for both comparison and 
preservation of data for later analysis


