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CaloChallenge workflow
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This is already a lot of work!!
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What experiments have to do extra
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Let’s take a look at the LHCb’s case...
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LHCb experiment in Run 3

, . Total ded luminosity b .
~ single-arm forward spectrometer otal recorded lumimnosity by year = pp
¢&r designed to study decays involving b and c quarks

¢r taking data now with its upgraded detector!

121 T T T

2025 (13.6 TeV): 11.81/fb

| 2024 (13.6 TeV): 9.56/tb &gé
10— 2023 (13.6 TeV): 0.37/fb
I 2022 (13.6 TeV): 0.82/tb

2018 (13 TeV): 2.19/fb
2017 (13 TeV): 1.71/fb

8 |
L 2016 (13 TeV): 1.67/b 4
- 2015 (13 TeV): 033 /fb -
i N . 4
RICH ectors Side View Ecar, HCAL \ N\ 2012 (8 TeV): 2.08/fb
/ 6— 2011 (7 TeV): 1.11/fb |
/ / ylagnet SciFi RICH2 I 2010 (7 TeV): 0.04/fb N
4— ]

Recorded integrated luminosity [fb 1

Apr May Jun Jul Aug Sep Oct Nov Dec

Tracking stations

Calorimeters Muon system ¢~ large increase in luminosity for Run3 and
beyond very challenging for computing
¢~ more events = more simulated events!

Vertex locator

Michat Mazurek CaloChallenge @ LHCb HSF & IML Meeting



Simulations in LHCb

Facts

¢ key to the design of the detectors and
interpretation of the physics results

must provide simulated samples for all physics
runs & detector versions

¢~ detailed simulations are CPU intensive

&

Landscape of Run 3 and future runs

¢r  simulation takes up to 90% of the experiment
offline computing resources
¢~ still have to produce more samples
o efficient simulation framework
o complete palette of fast simulations

Event. Particle Digitization Reconstruction
Generation Transport

Faster simulations = Time vs. Quality
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What is expensive in the LHCb Simulation?

Event. Particle Digitization Reconstruction
Generation Transport
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Fast & flash simulations in LHCb
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CHEP 2024 talk

fast simulation option
where the calorimeter
response from Geant4 is
replaced with Generative
AI

Michat Mazurek
on behalf of the LHCb Simulation Project
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CHEP 2023 talk

26th International Conference on Computing
in High Energy & Nuclear Physics (CHEP 2023)

THE LHCB ULTRA-FAST
SIMULATION OPTION, LAMARR

08/05/2023

ultra-fast simulation
option where not only the
detector response, but
also the reconstruction
is parametrized

Matteo Barbetti
on behalf of the LHCb Simulation Project
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https://cds.cern.ch/record/2859911
https://indi.to/PsLdq

ML fast simulations in calorimeter

Let’s put a thin Trained
Generator

triggering plane

¢~ stop detailed simulation in a
particular region of the detector

¢~ use a parametric model to produce

similar output

What is actually External |
stored?

Detector

What happens in Geant4?

¢~ train an AI model on the output
¢~ produce hits by running inference
on the generator part
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Generic showers in LHCb
Wlth CGIOChaIIenge arXiv:2410.21611

MetaHEP, A. Zaborowska et al.

Particle vertices
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making things generic = minimizing the work later o dy(2) o

¢~ compare models objectively across geometries 7 p
¢~ adapt easily by retraining on LHCb’s calo data .
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https://arxiv.org/abs/2410.21611
https://doi.org/10.1016/j.physletb.2023.138079

Hmax

Inference workflow
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¢ core simulation framework for LHCb - 9
¢ interface to fast simulations to a given detector I'* -
— via Geant4 e
¢~ interface to ML libraries see cHep 2023 talk -
— pyTorch and ONNXRuntime Inference
Gauss
¢ introduces the LHCb geometry & conditions
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https://indico.jlab.org/event/459/contributions/11528/

Performance

one simple model (VAE) for all PIDs (electrons, photons) @
around 0.01% energy difference on reconstructed objects
up to 400x times faster for electrons and photons in ECAL

hadrons not included yet @
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Validation with representative LHCb decay channels

¢~ very good agreement with reconstructed physics observables @
¢~ small differences to be solved with more advanced models @
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Conclusions and future outlook

¢~ The increased luminosity in Run 3 and beyond of the LHCb experiment places high

demands on computational resources — more simulated data is needed,

(©)

¢~ ML-based fast and flash simulations are essential to meet this challenge:

CaloML = CaloChallenge at LHCb: provides a fast simulation of calorimeter
responses using generative AI, achieving up to 400x speedup in ECAL while
maintaining high accuracy and very good agreement with physics observables

¢~ Plans 2025/2026:

(©)

@)
(@)
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Michat Mazurek

New architectures,

Optimisation of the setup,

Run 3 & Upgrade 2 studies,

Hadron and punch-through studies.

Thank you! Questions?
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