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Track 2 Overview
• 112 contributions received for 36 oral slots


- ALL contributions were accepted as all extremely interesting


- Thanks to the poster sessions we are able to hear about and discuss all of them!


• A broad range of topics being covered


• This summary attempts to find the common goal and main direction…
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The common goal
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Accelerate scientific discoveries by boosting computing efficiency

And we are here discussing all possible angles to achieve this goal

AI


Reconstruction

Simulation

Analysis

Detector 
monitoring

Trigger

Calibrations

+

Heterogeneous

computing


+ scalable analysis tools, 
workflows and facilities (Track 1)



Accelerating  
simulation

S. D. Diefenbacher plenary talk on Monday: “Generative Models for Fast (Calorimeter) Simulation”

80-90% CPU time of simulation spent on calorimeter! 

https://indico.cern.ch/event/1106990/contributions/4998021/


Accelerating simulation
• Different generative models being explored:


- Variational Autoencoders (VAE)


- Generative Adversarial Network (GAN)


- Normalizing Flows


• And different data representations:


- images and point cloud

5S. D. Diefenbacher plenary talk on Monday: “Generative Models for Fast (Calorimeter) Simulation”

A novel architecture  
Bounded-Information-Bottleneck autoencoder 


with particle energy and angle conditioning

achieves state of the art performance!

https://indico.cern.ch/event/1106990/contributions/4998021/


Accelerating simulation
• Different generative models being explored:


- Variational Autoencoders (VAE)


- Generative Adversarial Network (GAN)


- Normalizing Flows


• And different data representations:


- images and point cloud

6S. D. Diefenbacher plenary talk on Monday: “Generative Models for Fast (Calorimeter) Simulation”

First promising results with flows  
outperforming BIB-AE!


(work in progress)

https://indico.cern.ch/event/1106990/contributions/4998021/


Accelerating simulation

7

R. Zhang poster: "AtlFast3: Fast Simulation in 
ATLAS for Run 3 and beyond"

https://indico.cern.ch/event/1106990/contributions/4996225/
https://indico.cern.ch/event/1106990/contributions/4996225/


Accelerating  
simulation

• Several other contributions on fast sim:

- Talk: Optimization and deployment of ML fast simulation models


- Talk: Accurate dE/dx simulation and prediction using ML method in the BESIII experiment


- Poster: General shower simulation MetaHEP in key4hep framework


- Poster: JETFLOW: Generating jets with Normalizing Flows using the jet mass as condition and constraint


- Poster: Evaluating Generative Adversarial Networks for particle hit generation in a cylindrical drift chamber 
using Fréchet Inception Distance


- Poster: CaloPointFlow - Generating Calorimeter Showers as Point Clouds


- Poster: SCD: an open, realistic calorimeter for ML studies in HEP
More on this in Track 3 

covering MC event generation!

https://indico.cern.ch/event/1106990/contributions/4998094/
https://indico.cern.ch/event/1106990/contributions/4998069/
https://indico.cern.ch/event/1106990/contributions/4998089/
https://indico.cern.ch/event/1106990/contributions/4998033/
https://indico.cern.ch/event/1106990/contributions/4996237/
https://indico.cern.ch/event/1106990/contributions/4996237/
https://indico.cern.ch/event/1106990/contributions/4998108/
https://indico.cern.ch/event/1106990/contributions/5011940/


Accelerating  
reconstruction

Image credits: T. Di Pilato’s talk on Monday

https://indico.cern.ch/event/1106990/contributions/4998189/


Tracking
• Reconstructing tracks is one of the most computing intensive tasks!


- can scale quadratically with number of particles in today’s detectors
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• Multiple contributions addressing the 
necessary speed up at high performance:


- Talk: Simultaneous track finding and track fitting by the 
Deep Neural Network at BESIII 


- Talk: Hierarchical Graph Neural Networks for Particle 
Track Reconstruction 


- Talk: Standalone track reconstruction in LHCb's SciFi 
detector for the GPU-based High Level Trigger


- Talk: Navigation, field integration and track parameter 
transport through detectors using GPUs and CPUs within 
the ACTS R&D project


- Talk: Speeding up the CMS track reconstruction with a 
parallelized and vectorized Kalman-filter-based algorithm 
during the LHC Run 3


- Poster: Fast track seed selection for track following in the 
Inner Detector Trigger track reconstruction


- Poster: Faster simulated track reconstruction in the ATLAS 
Fast Chain


- Poster: Auto-tuning capabilities of the ACTS track 
reconstruction suite


- Poster: Equivariant Graph Neural Networks for Charged 
Particle Tracking


- Poster: BESIII track reconstruction algorithm based on 
machine learning

https://indico.cern.ch/event/1106990/contributions/4996228/
https://indico.cern.ch/event/1106990/contributions/4996228/
https://indico.cern.ch/event/1106990/contributions/4996236/
https://indico.cern.ch/event/1106990/contributions/4996236/
https://indico.cern.ch/event/1106990/contributions/4998024/
https://indico.cern.ch/event/1106990/contributions/4998024/
https://indico.cern.ch/event/1106990/contributions/4998085/
https://indico.cern.ch/event/1106990/contributions/4998085/
https://indico.cern.ch/event/1106990/contributions/4998085/
https://indico.cern.ch/event/1106990/contributions/4998120/
https://indico.cern.ch/event/1106990/contributions/4998120/
https://indico.cern.ch/event/1106990/contributions/4998120/
https://indico.cern.ch/event/1106990/contributions/4996231/
https://indico.cern.ch/event/1106990/contributions/4996231/
https://indico.cern.ch/event/1106990/contributions/4997122/
https://indico.cern.ch/event/1106990/contributions/4997122/
https://indico.cern.ch/event/1106990/contributions/4998102/
https://indico.cern.ch/event/1106990/contributions/4998102/
https://indico.cern.ch/event/1106990/contributions/4998128/
https://indico.cern.ch/event/1106990/contributions/4998128/
https://indico.cern.ch/event/1106990/contributions/4998109/
https://indico.cern.ch/event/1106990/contributions/4998109/


Tracking with ML
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Novel approach applied to 
TrackML challenge dataset 
deploying Hierarchical GNN to 
mitigate inefficiencies due to 
missing nodes (hits) obstructing 
message passing

Results removing randomly 20% of edges show good robustness 

R. Liu talk on Tuesday: “Hierarchical Graph Neural Networks for Particle Track Reconstruction” 

https://indico.cern.ch/event/1106990/contributions/4996236/


Tracking on GPU
• The ACTS R&D project is a generic, framework- 

and experiment-independent software package 
for track reconstruction on modern computing 
architectures


• Several improvements wrt ACAT21


- more realistic testbed detector including a 
simple material description


- full magnetic field description


- integration of equation of motion


• First demonstration for transport of full track 
parametrization and covariance through 
magnetic field and tracking geometry
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Kalman Filter ported to GPU w/

x4.6 speedup wrt multithreaded

CPU for events with ≳ 1000 tracks

Talk on Tuesday: “Navigation, field integration and track 
parameter transport through detectors using GPUs and 

CPUs within the ACTS R&D project”

Poster: "Auto-tuning capabilities of the ACTS track 
reconstruction suite"

https://indico.cern.ch/event/1106990/contributions/4998085/
https://indico.cern.ch/event/1106990/contributions/4998085/
https://indico.cern.ch/event/1106990/contributions/4998085/
https://indico.cern.ch/event/1106990/contributions/4998102/
https://indico.cern.ch/event/1106990/contributions/4998102/


Calorimeter reconstruction with ML
• Point cloud representation and graph NN (GravNet) architecture for end-to-end 

reconstruction in high-granular calorimeter (simplified geometry wrt CMS HGCal)


- cluster hits belonging to the same particle


- regress energy of clusters


- jet reconstruction
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P. Zehetner talk on Monday: “End-to-end multi-particle reconstruction in high occupancy 
imaging calorimeters with graph neural networks”

https://indico.cern.ch/event/1106990/contributions/4998017/


Calorimeter reconstruction with ML
• Point cloud representation and graph NN (GravNet) architecture for end-to-end 

reconstruction in high-granular calorimeter (simplified geometry wrt CMS HGCal)


- cluster hits belonging to the same particle


- regress energy of clusters


- jet reconstruction
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P. Zehetner talk on Monday: “End-to-end multi-particle reconstruction in high occupancy 
imaging calorimeters with graph neural networks”

https://indico.cern.ch/event/1106990/contributions/4998017/


Calorimeter reconstruction on GPU
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A realistic application

T. Di Pilato talk on Monday: "Performance study of the CLUE algorithm with the alpaka library"    

E. Brondolin poster: "k4Clue: Having CLUE at future colliders experiments"

Additional coverage in 
Track 1!

F. Pantaleo poster: "The TICL reconstruction at the CMS Phase-2 High Granularity Calorimeter Endcap"

https://indico.cern.ch/event/1106990/contributions/4998189/
https://indico.cern.ch/event/1106990/contributions/4998103/
https://indico.cern.ch/event/1106990/contributions/4998162/


Particle Flow
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Run 3 CMS HLT farm 200 nodes 
each w/ two AMD Milan 64-core 

CPU and two NVIDIA Tesla T4 GPUs      

The GPU-accelerated Particle Flow Clustering will enter in production 
during the upcoming CMS 2023 data taking.

Machine Learning Particle Flow

F. Mokhtar poster: "Progress towards an improved 
particle flow algorithm at CMS with machine learning" 

E. Wulff poster: "Hyperparameter optimization, multi-node 
distributed training and benchmarking of AI-based HEP 

workloads using HPC"

Particle Flow on GPU

F. Pantaleo poster: "Particle Flow Reconstruction on 
Heterogeneous Architecture for CMS"

https://indico.cern.ch/event/1106990/contributions/4998026/
https://indico.cern.ch/event/1106990/contributions/4998026/
https://indico.cern.ch/event/1106990/contributions/4998112/
https://indico.cern.ch/event/1106990/contributions/4998112/
https://indico.cern.ch/event/1106990/contributions/4998112/
https://indico.cern.ch/event/1106990/contributions/4998185/
https://indico.cern.ch/event/1106990/contributions/4998185/


Accelerating  
data analysis



Scalable analysis tools
• Clad enables automatic differentiation for 

C++ as a plugin for Clang compiler


• based on source code transformation: 
given C++ source code of a mathematical 
function it can automatically generate C++ 
code for computing derivatives of the 
function
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Promising results when integrated in ROOT!

Different approach for RooFit: translating models to code 

G. Singh talk on Wednesday: "Automatic differentiation of binned likelihoods with RooFit and Clad"

See Track 1 for larger 
coverage of this topic!

See also contributions on RDataFrame and ROOT capabilities!

https://indico.cern.ch/event/1106990/contributions/4998060/
https://indico.cern.ch/event/1106990/contributions/4998129/
https://indico.cern.ch/event/1106990/contributions/4998164/


Scalable analysis workflows

19O. Shadura talk on Tuesday: "First performance measurements with the Analysis Grand Challenge"

• The IRIS-HEP Analysis Grand Challenge is a 
realistic environment for investigating how analysis 
methods scale to the demands of the HL-LHC


- includes all relevant workflow aspects from data 
delivery to statistical inference


- analysis tasks heavily based on tools from the HEP 
Python ecosystem


- makes use of modern analysis facilities

https://indico.cern.ch/event/1106990/contributions/4998188/


Automatization of 
detector controls



Automatization of detector controls
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Automatic (frequent) calibrations of CMS ECAL in Run 3:

• framework of finite state machine implemented through 

Jenkins, Influxdb and Grafana for monitoring

• deployed with the OpenShift instance provided by CERN-IT

• a small python package to provide the interface between the 

CMS ecosystem, the user jobs and the framework.

S. Pigazzini talk Thursday: "Automatic data processing for prompt calibration of the CMS ECAL"

Automatic online data quality monitor for CMS ECAL 
with anomaly detection through Autoencoders being 

commissioned now!

A. Harilal talk on Thursday: "An Autoencoder-based Online Data Quality Monitoring for CMS ECAL"

https://indico.cern.ch/event/1106990/contributions/4998020/
https://indico.cern.ch/event/1106990/contributions/4998187/


Automatization of detector controls
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Reinforcement Learning for quick adjustment of optimal operating 
current of thermometers in cryogenic dark matter detectors 
drastically reducing manual intervention!  
(so far being studied on simulation)

F. Wagner talk on Thursday: "Control of cryogenic dark matter detectors through deep reinforcement learning"

https://indico.cern.ch/event/1106990/contributions/4998135/


The common goal
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Accelerate scientific discoveries by boosting computing efficiencyAccelerate scientific discoveries by boosting computing efficiency

And we are here discussing all possible angles to achieve this goal

Reconstruction

Simulation

Analysis

Detector 
monitoring

Trigger

Calibrations

Quantum Computing



Quantum computing applications
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+ several plenaries!



When?
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A big thank to the T2 co-conveners for the hard work in organizing this track program, 
to the colleagues that helped chairing the sessions,


and to the all ACAT organization for this great workshop! 

Sophie Adriano Dalila Me



Thank you!

And see you next year...


