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LHC Timeline

We are 30% of the way through with the nominal LHC/HL-LHC timeline

We have collected 5% of the total aspired dataset
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Luminosity by year

Luminosity doubling roughly every 2 to 3 years

Ever-increasing demand on resources, especially simulation
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CPU usage Essential tradeoff
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J. Phys.: Conf. Ser. 664 072024ATLAS Computing-link

http://inspirehep.net/record/1414004?ln=en
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ComputingandSoftwarePublicResults


Basic universal procedure

event generation → detector simulation → signal digitization → object reconstruction
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CMS Fast Sim workflow
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Sekmen:FastSimCMS-link

https://indico.cern.ch/event/782507/contributions/3293461/attachments/1787646/2911198/SekmenHSFCMSFS190130.pdf


Fast Sim key components

simulation step - 100x speedup from GEANT4 based full

simulation

simplified, modular detector geometry
energy-dependent parameterization of shower
properties
parameters extracted from template fits to full
simulation
tracker sim hits → Gaussian smearing → rec hits

shower parametrization

Pedro:FastCaloCms-link

fast simplified tracking

arXiv:1701.03850

Reconstruction (FastSim tracking)

sim hits created at intersection
points, smeared
sim hit mapping to generator
particles saved
standard seeding algorithm
performed on mapped subset
no fakes in the tracking, no hit
merging or hit sharing among
tracks
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https://indico.desy.de/indico/event/6681/session/4/contribution/20/material/slides/0.pdf
https://arxiv.org/abs/1701.03850
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arXiv:1701.03850

https://arxiv.org/abs/1701.03850
https://arxiv.org/abs/1701.03850


CMS FastSim: around the corner

merged hit probability parameterized vs
proximity and η

maps applied during SIM step

dropped 1-1 mapping between hits and
true particles → final tracks share a single
merged hit
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J. Phys.: Conf. Ser. 898 (2017)

https://cds.cern.ch/record/2253533?ln=en


ATLAS Fast Sim workflow

Full simulation chain

Fast simulation chain
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Pascuzzi:FastSim-link

https://indico.cern.ch/event/782507/contributions/3293462/attachments/1787351/2911523/20190130-HSF-vpascuzz-atlas_fastsim.pdf


ATLAS fast sim key components

Fast calorimetry - ATLFAST-II

simplified geometry, calo cells as η − φ cuboids

particle shower development parameterized
(lateral and longitudinal)
O(10) reduction in CPU

Geant4-based

parameterizations

longitudinal
profile
lateral profile

→Current using full sim tracking, digitization
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ATL-PHYS-PUB-2010-013-link

ATL-SOFT-PUB-2014-001-link

https://cds.cern.ch/record/1300517
https://cds.cern.ch/record/1669341/files/ATL-SOFT-PUB-2014-001.pdf
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ATL-PHYS-PUB-2010-013-link

ATL-SOFT-PUB-2014-001-link

https://cds.cern.ch/record/1300517
https://cds.cern.ch/record/1669341/files/ATL-SOFT-PUB-2014-001.pdf


ATLAS ATLFAST-IIF: around the corner

Fast tracking - FATRAS, part of ATLFAST-IIF
produces hits and tracks
material effects based on traversed material
multiple scattering, bremmsstrahlung, photon
O(10) reduction in CPU

Fast calorimetry - FastCaloSimV2
regression-based longitudinal shower modeling
improved lateral shower modeling
energy and shower shape parameterisations
O(10) reduction in CPU
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ATL-SOFT-PUB-2018-002-link

https://cds.cern.ch/record/2630434/files/ATL-SOFT-PUB-2018-002.pdf


LHCb Simulation

all Run 1 and 2 analyses make use of
GEANT4-based simulation

techniques to speed the simulation up

have been implemented

Redecay, Richless simulation, ...

fast methods to sidestep G4 in
development

Mueller:FastSimLHCb2019-Link
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https://indico.cern.ch/event/782507/contributions/3293463/attachments/1787910/2911636/FastSim_LHCb.pdf


LHCb ReDecay (Geant4-based)
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10-50 × speed-up

Mueller:LHCCPoster-link

http://cds.cern.ch/record/2254334?ln=en


LHCb fast sim around the corner

Large speed-ups possible through parametrization

Large speed-ups possible through parametrization

Mueller:LHCCPoster-link
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https://indico.cern.ch/event/782507/contributions/3293463/attachments/1787910/2911636/FastSim_LHCb.pdf


ALICE simulation

detector simulation based on ROOT VMC

all analysis currently uses Geant4 based simulation

plan is to mix multiple full simulation engines with fast simulation kernels

fully parametrised fast simulation approach for upgrade studies
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Volkel:FastSimALICE-link

https://indico.cern.ch/event/782507/contributions/3293465/attachments/1787913/2911641/20190130_slides_.pdf


ALICE simulation proof of concept

idea:
fully simulate signal objects or specific sub-detector

use fast simulation for the rest of the event

test mixing of two simulation engines with toy
model

cross check with single and concurrent Geant4
instances
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Volkel:FastSimALICE-link

Pascuzzi:FastSim-link2

19 detector sub-systems

https://indico.cern.ch/event/782507/contributions/3293465/attachments/1787913/2911641/20190130_slides_.pdf
https://indico.cern.ch/event/759388/contributions/3331552/attachments/1815074/2966208/20190320-how2019-vpascuzz-LHC_fastsim.pdf


Machine learning and fast simulation

ALICE condDCGAN-generated event

LHCb GAN-based showering model

ATLAS VAE/GAN showing model
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Volkel:FastSimALICE-link

Mueller:LHCCPoster-link

Pascuzzi:FastSim-link

https://indico.cern.ch/event/782507/contributions/3293465/attachments/1787913/2911641/20190130_slides_.pdf
http://cds.cern.ch/record/2254334?ln=en
https://indico.cern.ch/event/782507/contributions/3293462/attachments/1787351/2911523/20190130-HSF-vpascuzz-atlas_fastsim.pdf


Summary

Fast techniques have served the LHC experiments well in Runs 1 and 2

Many developments are taking place in FastSim in both speed and performance

These improvements are needed for keeping up with data and covering wider ranges of
signal models

Parameterization, libraries, fast tracking, machine learning are all candidates for filling this
need
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Backup
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ALICE Faster SIM (i)
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ALICE Faster SIM (ii)
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