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JobOpts

Interface

Evt.gen

&
&,
0;0 l/@/)( */?(I
&/ 1
HepMC
MCParticle
MCVertex 2
MCHits .

A 4

~" ~" s 4
Event Generation Detector Simulation .
primary event generator geometry of the detector (LHCb > Geant4) 5

specialized decay package
pile-up generation

tracking through materials (Geant4)
hit creation and MC truth information (Geant4 - LHCDb)

Z5: LHCbIEfHEZRGAUSS

PAMNBERZE  Te RIS | TIERE

D&
. EHEIEEE (BT

EFEANEIFTER)
FEFEO (BTFE
ar &)
lsssiEO (H
TELG4)

NS U]
Hits#OMC truth

BB M Clemencic et al 2011 J. Phys.: Conf. Ser. 331 032023 8
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//‘IHHHI’

HepEvt
Data @
‘Detector Event
Construction |¢— Data
G4Tracking Service
MC Truth
& U
Raw Data \ » /
Digitization
Event Data Execution
Flow Sequence

—> D)
EH3kE W.D Li et al CHEP 2006

Simulation Algorithm

“ Developed in BOSS Components
framewor
* Geometry
description

“ Based on Geant4 toolkit

* Event Generator

“* External packages * Physics processes

+ Geant4.8.1+p01 % : ]

S Coe o MégpeFlc fleld

- CLHEP 1.9.2.3 * Digitization

- GDML 2.8.0

- Xerces _C2.7.0 * MC truth

- ROOT 4.03.02 « Data I/0
Project Leader: Liu * Trigger
Huaimin simulation
Ca G f D ng hyan * Background mixing
He M , 'Liang Yuti

You

% 1'4% %H? SR Va eng Ziyan, IHEP

.H'EEE ZY Deng et al ACAT 2007
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B3B8 T. Lin et al EPJC 83: 382 (2023)
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+ CEPC
o 58 : Z25ERS{EKeydhep , BIGHERENNRTE , t(BEEHEEIE.

o HTKeydhep common software stack , TiCEPCHEHIEZEN 2
Key4dhepBI—E85

o TZIMEZE : Gaudi ; FUEEE! : EDM4hep ; JIfAEIE : DD4hep

w—p Data fl
PR Physics List Detector GeoSvc DD4hep ackground
Invoke Construction hit level)
: Primary
Physics : : Run Digitization
e T GenAlg Gt:\ce:izfnor DetSimAlg DetSimSvc inoqer 9 Al
P e e e e e e e e e s e g s e e e e
|
. \ / : Run ofepping: | | mme—mm—=es 1 = r> -------- 1
0 : Action Action : : : : :
venerator sl [ mcparticle | | | '[ SimTrackerHit ], | [ TrackerHit ]|
Files : Event Tracking :/T : : :
| Action Action I ' | |
| T simcalorimeterHit|! 1 |calorimetertit|!
| Modular User Actions : | : : |

EBF%B8 T. Lin et al CEPC Workshop 11
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EEERIFEIE.

Simulation Landscape

“FullSim”

* Common software framework
(1.e. Geant4)

o Experiments can provide
additional code via user actions

0.156

0.05

* Explicit modeling of detector
geometry, materials, interactions
w/ particles

CHEP2023

“FastSim”

* Usually experiment-specific
framework

* Implement approximations:
analytical shower shapes (e.g.
GFLASH), truth-assisted track
reconstruction, etc.

E-1dE(t)/dt [X!)

.

SF5 40 GeV
GEANT
mean BY
- mean + RMS

i + RNS

£ %]
arXiv:hep-ex/0001020

Kevin Pedro

2 -

M. Selvaggi

Delphes

* Ultra-fast parametric simulation

* Used for phenomenological
studies, future projections, etc.

Simulation 1s
crucial in HEP!

2

B8 K. Pedro, CHEP 2023, Al and Beyond: New Techniques for Simulation and Design in HEP
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» EERAPSIANAI/MLGE , BERARRARLZ—,
AI' Landscape

Options to use MLT for sim:

1. Replace or augment (part or all of) Geant4

Accuracy
//I
//
———

2. Replace or augment (part or all of) FastSim

Goals: * « FastSim
. . (ML?)
1. Increase speed while preserving accuracy

—mmmmee—a

2. Preserve speed while increasing accuracy . Delphes

ML can also create faster, but less accurate simulation
arXiv:2203.08806 Speed

o a la existing classical FastSim

* then augment w/ more ML to improve accuracy = mrm -
i ML can also be used 1

- for event generation, |

Another option: replace entire chain (“end-to-end”)

o Exciting prospect, potentially complements other cases ihadronization, etc.l i

T<AI” or “ML” here: almost always deep neural networks (DNNs)

CHEP2023 Kevin Pedro 3

B8 K. Pedro, CHEP 2023, Al and Beyond: New Techniques for Simulation and Design in HEP
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» R ERIMERRFSIF AR ERAIA/ ML

o BENSEZFAURINAIE | £8F. 87 , FRRF. X
Taxonomy

* Generative models (“replace”): * Refinement techniques (“augment”):
o Usually stochastic o Usually deterministic
o Generative Adversarial Networks (GANs) o Classification-based (reweighting)
o Variational Autoencoders (VAEs) o Regression-based (correcting)
o Normalizing Flows (NFs) 20— Nominal (0.1 mm)
= — Modified (10 mm)
4 N N § 151 cem Reweighted
—b‘ Generator 4{ N ] %10 =
2z \ J J 5 5 g
g e A —

s Discriminator 3 1: !

/ '%El.o I} i*::o 1 ey
e\ () oata 510 AALATHTS,
arxXiv:2203.08806 D Noise % 150 160 170 180 190 200 210 230 230
7 N\ N - Energy [MeV]

w g { CMS Simulation Preliminary von € 8O, 1205 40
< \ / @ T T T T
> 8 AN ] . Geantd
y Y 4 o) [ R S y S | - Modfied 23
; GNN -t
3 ,
g /—/”_\ 2 10°
§° WAL 2Y 10¢
z \—/\//

10° 10*

CHEP2023 Kevin Pedro Pixel energy [MeV] 4

B8 K. Pedro, CHEP 2023, Al and Beyond: New Techniques for Simulation and Design in HEP
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LHCb1=HAER {4 GaussEES (1)

» Simulation software in LHCb (R TORHD
Landscape for Run3 and future runs
O large increase in luminosity very challengin
Gauss g : y Yy ging
for computing,
O simulation for Run 2, takes up to 90% of the
N ( R experiment computing resources,
5 L LHCb ) © major rewrite of the software in LHCb.
O Pythia Geant4 : !
= vt & _ b Simulation software upgrade needed!
(1T Gaudi N
9 N 3 b need for code optimization,
clean up of ‘dead’ code,
Gauss is the LHCb simulation framework: fix memory usage issues,
generates primary events, use multi-threaded Gaudi and Geant4,
simulates the interaction with the detector, extensive fast simulation models,
based on Gaudi as a core software new external software technologies.
framework.
¢ Separate simulation core functionalities!
M. Mazurek The LHCb simulation software Gauss and its Gaussino core framework CHEP 2023, Norfolk, USA [1/15]

B k38 M. Mazurek, CHEP 2023, Gauss and Gaussino: 16
the LHCb simulation software and its core framework



LHCb1RHAER {4 GaussENERE ( 2)

» From Gauss to Gauss-on-Gaussino LHCB-TDR-017

¢ Introduce an experiment-independent layer!

Gauss
© Gaussino
: T new core simulation framework,
@ Pythia Geantd created by extracting experiment-independent components
& ( Gaudi from Gauss,

S A J\

ideal test bed for new developments,

idea came up in collaboration with the CERN SFT group / FCC,
E more on Gaussino in the following talk!,

Gauss current dependencies

/L O Gauss-on-Gaussino

Y \ new version of LHCb simulation framework,

it in 1 : : ooin
5 ‘:' . Gaussino J =l based on Gaussino’s core functionalities,
s P ) ) N D - .o . .
o [Pythna’ e o adds LHCb-specific components and configurations,
) 8 \ /\. J
Gauss-on-Gaussino dependencies
M. Mazurek The LHCb simulation software Gauss and its Gaussino core framework CHEP 2023, Norfolk, USA [2/15]

B k38 M. Mazurek, CHEP 2023, Gauss and Gaussino:

. . : 17
the LHCb simulation software and its core framework



Gaussino (1)

» Interfacing$estsimutatiens custom physics with G4

Gaussino Geant4
Fast Simulation

ZEruct()
PhysicsFactory _)(G«IFmtSImulnﬁmPhyﬁcs)
RegionFactory —&-)( GARegion )

@ region where the fast simulation takes place

UOIIINUISUO?Y) J0IPIJR(] DAHSUIS

2. What? ModelFactory — | GNFﬂsISmuhhorModeD
@ what types of particles should be tracked iy
3. How? v ( pestaay > cavsenivedetecor |

@ conditions when to fast simulate,
@ fast hit generation algorithm,

M. Mazurek From prototypes to large scale detectors: Gaussino core simulation framework CHEP 2023, Norfolk, USA

© high-level configuration available!

18
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» Machine learning in fast simulations LHCB-FIGURE-2021-004

Trained
Generator

o (Example) Generative Adversarial Networks
f
Idea: use GANs trained on the data
produced by a detailed simulation to
generate showers in ECAL

© use the trained generator of the _
network as a fast simulation model External

Detector

€ interface to machine learning
libraries needed!

Trained Generator

M. Mazurek From prototypes to large scale detectors: Gaussino core simulation framework CHEP 2023, Norfolk, USA [8/15]

B HF3H8 M. Mazurek, CHEP 2023, From prototypes to large scale detectors 19
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» Generic ML inte r‘fa ce LHCB-FIGURE-2023-010

7 ML model serving using Gaudi’s
Skl . - first candidate: pyTorch C++ API,
7 handles loading of the model,

model accessible throughout the - preliminary throughput tests:

whole execution,
setting general properties:

threads no. in inter-op parallelism,
threads no. in intra-op parallelism,

e e e e e I e e e e e L N B e
Gaussino Preliminary ~8— pyTaceh Cos API ¥1.111 .0 193)
[ Benchmack test: C=AB with torch. mm() where (4, B, C) € M 10342 1

Time [pus]

7 ML model evaluation using Gaudi’s o 1 ]
tools and algorithms, " '
" pass the random generator seed to e sememao e
guarantee reproducibility, I I I T e T T
~ fixed or automatic types for inputs b oftheats
& outputs,

M. Mazurek From prototypes to large scale detectors: Gaussino core simulation framework CHEP 2023, Norfolk, USA [9/15]

B HF3H8 M. Mazurek, CHEP 2023, From prototypes to large scale detectors 20
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» ML mfe PEnce 11 fa st sim ulatlons Geant4/MLA4SIM & LHCB-FIGURE-2023-010
= _I'(."n'”'h‘l""l""l""l‘"'I""I""I""I_'_
et g [l R - = E ‘ﬁnn ovoy.:hi“znw v - i:::g::'_.
2 possibilities for ML inference 2D eE e T EE
n ” %IZO:— gzns-nhnlmpy'rmc”m 47 2:::]; _
internally in Geant4, gt R
E 100} .
in a Gaudi algorithm after the simulation :
. 80 A\ -
algorithm takes place, = e ;
X 603_ ‘ ‘\f:?:, e Fo R AR T T ]
First benchmarks B e :
. i ) Foile, s g g oy SR G0, i e RN ey gRGsg e ey e o]
in a close collaboration with o s 0 s w2 w8
Geant4/ML4Sim,
7 compatible with the CaloChallenge setup, 5o G st
’ X " . g Cylindical Calorimeter & nEvay
generic cylindrical calorimeter setup, § | Ee—naeasa mnay ]
N &150F ]
7~ variational autoencoder for photons, [ ]
;i : woE .
Gaussino’s interface to pyTorch C++ API, ek
sof ]
ob, P ey ]
5 10 15 20 25 30 35 40
Number of threads
[10/15]

B HF3H8 M. Mazurek, CHEP 2023, From prototypes to large scale detectors 21
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e GaussinofCrB A5 LHCh S |, FIEEEIRGaussino
XJLHCh{CRERIHR,

+» ECEPCHIIGET A= : 1&GaussinofF N Ei5(ER |, {855
GaussinoXfLHCb A& Hf <X,

From Graeme A Stewart @
LHCb::GenEvent A To H3E O 2023/6/5 17:21
©

~ Subject Re: Building Gaussino using LCG 103 instead of LbEnv

) Hi Tao
LHCb::PartPropLib

HepMC::HepMC LHCb::EventBase
W = This is very useful - thanks for the update and all of the links. | have started
working on this myself, last week, and | am doing the complimentary work of

removing, slowly, the LHCb dependencies. At the moment the next step is
LHCb::LHCbAIgLib LHCb::LHCbKernel taking the particle properties service that is in LHCb and adding it instead to
A Gaudi.

) ) HCb::LHCbMatI I now realise that | did’t check this in for a while and the code is on my old
LHCb"DetDeSCb g laptop. So | will send a link to that later.

(g

Cheers

(HCb::LbDD4hepLib

Note: define USE_DD4HEP  Ketector::Detectorl.

Graeme

22
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