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@ 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

CMS Integrated Luminosity Delivered, pp

Data included from 2010-03-30 11:22 to 2018-10-26 08:23 UTC
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CPU usage

ATLAS Computing Grid CPU Time Distribution

Essential tradeoff

CPU CONSUMPTION

high |

(efficiency/fakes)

physics object i event reconstruction

low é
HIERARCHY ACCURACY S
@ MC Detector Simulation @ MC Reconstruction ©
User Analysis @ Group Production
@ Other
ATLAS Computing-link J. Phys.: Conf. Ser. 664 072024
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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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N
CMS Fast Sim workflow

CMS FastSim flowchart ~ Sekmen:FastSimCMS-|

Simulate energy
depositions along |—4
(hepMC) subsystems particle trajectory

Tracker

ECAL, HCAL,
Muons

Standard simulation of

Gaussian / template electronics (digitization, and

smearing hit reconstruction)

Fast emulation
Standard reconstruction
Objects (same for Fast&Full)

RecHits

Tracker ECAL, HCAL,

Track finding and
reconstruction using MC truth

Reconstructed pa es
(same in Fast and Full)
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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

o
]

shower parametrization

& 50 GeV, N = 10000 CMS preliminary

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 »
Pedro:FastCaloCms-link
f . lified ki @ Reconstruction (FastSim tracking)
ast simplitied tracking @ sim hits created at intersection
-0-0—0—0- —0—0—0- points, smeared
—0-00— 6o @ sim hit mapping to generator
O-0—0—0— ~—e i
——— particles saved
—0—0—0 . .
-0-0—0— —— @ standard seeding algorithm
—0—-0—0— formed on mapped subset
i —— per pp

@ no fakes in the tracking, no hit
merging or hit sharing among
tracks

arXiv:1701.03850
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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

Fast Sim key components

arXiv:1701.03850 CMS Simulation
% E Fast simulation
o Fe, ©  Geantd-based full simulation
. . 2h e + standard reconstruction
@ simulation step - 100x speedup from GEANT4 based full 3 ., PP — tijets, 13TeV, PU25
simulation [ e
@ simplified, modular detector geometry F Tey
@ energy-dependent parameterization of shower = e,
properties F +74
@ parameters extracted from template fits to full E e
simulation s
@ tracker sim hits — Gaussian smearing — rec hits R S Tt 4
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EP** (GeV)
fast simplified tracking : : :
o ous smuaton CMS Simutation @ Reconstruction (FastSim tracking)
3 3
s R TEREREE RFRTTEREN @ sim hits created at intersection
S 05 .gibissees SleeB g Lpsdiesses tiles A
‘é’, 27 :m 27'_ p.omtﬁ, smear.ed
2 oo Zon @ sim _hlt mapping to generator
05 Fos : particles saved
b -, Pia, 13TV, o pieup o -, Py, 13TV, o i o standard seeding algorithm
13 FastSimulation 3 3 FastSimulation E|
02 o Goant-based simulation 02 o Goanté-based simulation performed on mapped subset
01 +standard reconstruction | o4 + standard reconstruction . . .
of R @ no fakes in the tracking, no hit

10 10
track py (GeV) track pr (GeV)

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

N
CMS FastSim: around the corner

Private Work PpixelAv (Nucl.Instr.Meth.A511 2003)

Pixel module nl

Hit merging probability

@ merged hit probability parameterized vs
proximity and 7

@ maps applied during SIM step

@ dropped 1-1 mapping between hits and
true particles — final tracks share a single
merged hit

100 200 300 400 500
Distance between hits / ym

J. Phys.: Conf. Ser. 898 (2017)
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https://cds.cern.ch/record/2253533?ln=en

ATLAS Fast Sim workflow

Full simulation chain

Hard-Scatter

Geant4 (+ AFII) (EVNT)

Standard
Reconstruction

Standard
Digitisation

Geant4 (+ AFII)

Pileup (EVNT)

Fatras + Hard-Scatter Fast
AFII/FCSv2 (HITS) Digitisation

Hard-Scatter
(EVNT)

: Pileup

: (EVNT)

Fatras +
AFII/FCSv2

Pileup Fast Pseudo-
(HITS) Digitisation tracking
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https://indico.cern.ch/event/782507/contributions/3293462/attachments/1787351/2911523/20190130-HSF-vpascuzz-atlas_fastsim.pdf

-
ATLAS fast sim key components

ATL-PHYS-PUB-2010-013-link
CylinderSurface _—

@ Fast calorimetry - ATLFAST-II Cyindesounds |2

(k)

o simplified geometry, calo cells as n — ¢ cuboids

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

1+ A6 [mm]

@ Geant4-based

parameterizations

E(calib.)/E(true)

@ longitudinal
profile
@ lateral profile

3 — . 1
340 360 380
longitudinal shower depth [mm] 1+ An [mm]

—Current using full sim tracking, digitization
ATL-SOFT-PUB-2014-001-link
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https://cds.cern.ch/record/1300517
https://cds.cern.ch/record/1669341/files/ATL-SOFT-PUB-2014-001.pdf

-
ATLAS fast sim key components ATL-PHYS-PUB-2010-013-link
et

@ Fast calorimetry - ATLFAST-II
o simplified geometry, calo cells as n — ¢ cuboids

Identification Efficiency
°
%

@ particle shower development parameterized
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. . o FuliSi
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ATL-SOFT-PUB-2014-001-link

—Current using full sim tracking, digitization
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https://cds.cern.ch/record/1300517
https://cds.cern.ch/record/1669341/files/ATL-SOFT-PUB-2014-001.pdf
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ATLAS ATLFAST-IIF: around the corner
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ATL-SOFT-PUB-2018-002-link
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produces hits and tracks

material effects based on traversed material
multiple scattering, bremmsstrahlung, photon
0O(10) reduction in CPU

o Fast calorimetry - FastCaloSimV2

regression-based longitudinal shower modeling
improved lateral shower modeling

energy and shower shape parameterisations
0O(10) reduction in CPU

o Fast tracking - FATRAS, part of ATLFAST-IIF
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https://cds.cern.ch/record/2630434/files/ATL-SOFT-PUB-2018-002.pdf

N
LHCb Simulation

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

decays and measuring
trajectory)

@ techniques to speed the simulation up
have been implemented
@ Redecay, Richless simulation,

@ fast methods to sidestep G4 in
development

Shared
. between all
Event model / Physics event mode) applications

Vertex detector

(for lo

The pp
interaction
point

Calorimeter system
(for measuring energy and
identifying e* /y)

RICH detectors
(for measuring speed)

Muon detector
(for identifying muons)

cating particle

Tracker
(for measuring trajectory
and momentum)

Total time spent in Gauss in different detector volumes

StrippedDST

RawData

o G

Digits Dis'l'

HepMC

Detector

Analysis

Simulation DaVinci

Gauss

Digi zallon

Boole /

WDST

MCP/MCV
MCHits

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

LHCb fast sim around the corner

@ Large speed-ups possible through parametrization

LHCb Simulation Framework (Gauss)

LHCDb Analysis
Framework

High B i

|

(e.g. Pythia, PGun, ...)

LHCb Full Simulation

/

Resolution

MC Rec — Rec in Tracker
MC Truth RMS acceptance
Slopes T, Ty X, y coords,
Momentum p angle ¢

\ /
N/
Delphes modules

on behalf o

l

(Particle propagation,
parameterization of

efficiencies and
resolutions,...)

Level
ted objects

ProtoParticles

|

Combined
Particles,
Analysis

@ Large speed-ups possible through parametrization
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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

engine 2 b

.

engine manager

stack
(exchange) It

Volkel:FastSimALICE-link

m Bein, on behalf of the LHC

®

Volkel:AliceFastSim User 3.8%

MQ user framework
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ALICE

18.8%
Lego
Analyses
0%
i MC
67.3%

Resources use in 2018
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https://indico.cern.ch/event/782507/contributions/3293465/attachments/1787913/2911641/20190130_slides_.pdf

ALICE simulation proof of concept

y CALB — LAYB sampled 19 detector sub-systems
x TRTU .‘.:
w N
’ |\|\Imﬂ
W w
EXPH 5“:;‘ R

engine,

step count in x-coordinate [ ““*"*
6

3

- - - G4 _concurrent

#counts/event

@
2

@ fully simulate signal objects or specific sub-detector

4

&

@ use fast simulation for the rest of the event

@ test mixing of two simulation engines with toy 30
model 2
@ cross check with single and concurrent Geant4 o
instances
1 1
Volkel:FastSimALICE-link So e e

Pascuzzi:FastSim-link2
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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
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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)

O1

TVirtualMC

friend class TMCManager

rivate:
void Setld(Int_t id)

TVirtualMCStack

1 e
= TParticle* PopNextTrack(Int_t& itrack,

TMCParticleStatus*& status)

TVirtualMCApplication

void RequestMCManager()
void RegisterMC(TVirtualMC* mc)

pr\vate:
TVirtualMC* fMC
TMCManager* fMCManager

30 January

N
only instlantiated if TVirtualMCApplication::RequestMCManager() has been called
i
TMCManager TMCManagerStack
void Register(TVirtuaMC* mc) friend class TMCManager
void ConnectToCurrentEngine( N private:
TVirtualMC** ptr) void SetUserStack(
11 TVirtualMCMultiStack” stack)
Li void PushTrack(Int_t toBeDone, Tparticle* particle,
< TMCParticleStatus® status)
1
M
TMCParticleStatus

Fast detector simulations for LHC experimen

Int_t fld, fGeoStateIndex, fCurrentStepNumber

Double_t fCurrentTrackLength
TLorentzVector fCurrentPositio
TLorentzVector fCurrentMomentum

May 23, 2019
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|
ALICE Faster SIM (ii)

TVirtualMC management TVirtualMC TVirtualMCStack

friend class TMCManager L TParticle* PopNextTrack(Int_t& itrack,
1 | private: TMCParticleStatus*& status)

pmmmmmmmm----oos void Setld(Int_t id)

7'y
i N
: 1
i TMCManager TMCManagerStack
<> 1 void Register(TVirtualMC* mc) friend class TMCManager
- void ConnectToCurrentEngine( private:
TVirtualMCApplication TViruaIMC™ i) 1 N ™ Void SetUserstack(
void RequestMCManager() 1 1 TVirtualMCMultiStack* stack)
void RegisterMC(TVirtualMC* mo) | ~ void PushTrack(Int_t toBeDone, Tparticle* particle,
B . TMCParticleStatus* status)
private:
TVirtualMC* fMC
TMCManager* fMCManager 1
M

TVirtualMC TVirtualMCApplication TMCManager THCEankiesats
Int_t fid, fGeoStatelndex, fCurrentStepNumber
Double_t fCurrentTrackLength
TLorentzVector fCurrentPosition

TLorentzVector fCurrentMomentum

January 2019 3
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