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Introduction (1)

X/

+ New CEPC software (CEPCSW) prototype was proposed at the
Oxford workshop in April 2019.

+ The consensus among CEPC, CLIC, FCC, ILC and other future
experiments was reached at the Bologna workshop in June, 2019.

e Develop a Common Turnkey Software Stack (Key4hep) for future collider
experiments
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Introduction (2)

+ As the first application based on
Key4hep, following development
activities had been initiated.

e Development of k4LCIOReader: LCIO to
EDM4hep converter

e Migration of reconstruction algorithms

e Development of simulation framework in
CEPCSW

e Validation between iLCSoft and CEPCSW.

«» CEPCSW Tutorial and detector study,
IHEP, 17-18 Sept 2020

e Covering underlying framework, DD4hep,
detector simulation and reconstruction
within CEPCSW

e https://indico.ihep.ac.cn/event/12341/
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Introduction (3)

« Status
e For detector design for CDR: code is already included in CEPCSW.
e For 4th concept design: some code is not merged into official CEPCSW yet.
Code frequency over the history of cepc/CEPCSW EcalRec-2.0.0.alpha
EcalRec-2.0.1.alpha
EcalRec-2.0.2.alpha

EcalRec-2.0.3.alpha

10¢ EcalRec-2.0.4.alph
. l 1 EcalRec-2.0.5.alpha
C"‘ - " OW s ook o ¢ ohhoy. - A -

EcalRec-2.1.0.alpha

EcalRec-2.1.1.alpha

EcalRec-2.1.2.alpha

Code frequency in official CEPCSW ECAL software

« Official: https://github.com/cepc/CEPCSW

« ECAL: https://github.com/qwert2333/CEPCSW

* Drift Chamber: https://github.com/myliu-hub/CEPC Track Finding

VXD Test beam: https://github.com/ihep-sft-group/ CEPCSW-VXDTestbeam



https://github.com/cepc/CEPCSW
https://github.com/qwert2333/CEPCSW
https://github.com/myliu-hub/CEPC_Track_Finding
https://github.com/ihep-sft-group/CEPCSW-VXDTestbeam
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Simulation framework in CEPCSW (1)

«» Complete simulation chain with EDM4hep

e Physics generator
MCParticle

e Detector Simulation based on Geant4

MCParticle (with secondaries), SimTrackerHit, SimCalorimeterHits
e Digitization

TrackerHit, CalorimeterHit

TrackerHit
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Simulation framework in CEPCSW (2)

«» Geometry management with

DD4hep

e Consists of C++ constructors and

XML based compact files
e https://github.com/cepc/CEPCSW

DetCRD

/tree/master/Detector

-

compact

src

Coordinators CRD_o1_vixml |
— CRD_o1_v1 < ECalBarrel_o2_v01.xml —
— CRD_o02 v1 InnerTracker_o2_v02.xml —|

L.~ CRD_oX_vYY

ECalBarrel_o1_v01.cpp
— calorimeter /

~ ECalBarrel_o2_vO1.cpp <+

___— InnerTracker_o2_vO01.cpp

— tracker \

InnerTracker_o2_v02.cpp <

—  driftchamber Developers

For the CRD detector models, see README by Chengdong:
https://github.com/cepc/CEPCSW/tree/master/Detector/DetCRD/compact

CRD detector models - Overview

The following CRD detector models are available in CEPCSW

Model
CRD_o1_v01
CRD_o1_v02
CRD_o1_v03

CRD_o1_v04

Description
coil inside simulation model
strip SET
MOST2 vertex

smaller center beam pipe

MainTracker

SIT+DC+SET

SIT+DC+SET

SIT+DC+SET

SIT+DC+SET

Ecal
crystal
crystal
crystal

crystal

Hcal

RPC

RPC

RPC

RPC

Status
developing
developing
developing

developing


https://github.com/cepc/CEPCSW/tree/master/Detector
https://github.com/cepc/CEPCSW/tree/master/Detector
https://github.com/cepc/CEPCSW/tree/master/Detector/DetCRD/compact

Simulation framework in CEPCSW (3)

+ Non-uniform magnetic fields

e The Br/Bz csv files are provided by magnetic group.

0,0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9,1,1.1,1.2,1.3,1.4,1.5,1.6,1.7,1.8
p,0,0.00072238,0.00141836,0.00207148,0.00267135,0.00321527,0.00370693,0.60 Calculate B-Field according to the data from provider
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Base class of the data provider
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e ,2.94243158,2.94347691,2.94786359, 2. ) ) '
I- .ztgi ' 2.92000761.2.922U6038 . 2.92872698 . 2. : : . A data provider which load map from file
L1 -8 ,2.89064164,2.89309777,2.9030216,2.9 CartesianField —— Obiect
2.0 ,2.84359314, 2. 8976659, 2. 86839028, 2. § jec
h.3,-0 ,2.79377195,2.79484734,2.81169347, 2. § y,
L.4,0. .8535586, 2. 54472074 ,2.74173407,2.849 FieldMapFileProvider
L.5,0.1.1,-0.033U7429,2.28387737,2.78580819, 2 1 1 /
'6' ‘B SREERLE e g e PR b OverlayField GenericBFieldMapBrBz IFieIdMapProvider\
L.7,-9 : .
" .69765888,2.58057627,3.02821863, 2 DD4hep FieldMapDBProvider
?9'9_ . .79899166,-0.47892673,3.13566838,2.91113876,/2.8866U502, 2.84969876,
B256
b —0.0ffL. .81052656,-0.60812881,2.98139683,
b31 Geant4Field
p.1,-ofh . .96050739,-0.7731603,3.122351601, 2
514539 DDG4

P-2,0. 10 .02599445,-0.93592331, 2. 89647078, 2.82089094, 2.76282035, 2.75353776,

.87968428,-0.83325284,2.86203808,2.75420373,2.70226483,2.70221165,




Simulation framework in CEPCSW (4)

+ Physics generator interface

e Physics generators with different formats are integrated, including StdHep,
HepEvt, LCIO, HepMC formats.

e Particle gun is supported.

e Beam background generators, such as Guinea Pig.

GenAlg IGenTool «———GenReader
StdHepRdr HepevtRdr

Gt6unTool SLCIORdr | | HepMCRdr




Simulation framework in CEPCSW (5)

+ Integration with Geant4 and Gaudi

e A thin layer is developed to manage corresponding Geant4 objects.

DetElemTool

DetSimAlg

PrimaryCnvTool

G4 Physics List
Factory

DetSimSvc

AnaElemTools

FastSimG4
Tools

configure

Gaudi Components

Detector
Construction

Primary
Generator
Action

Physics List

G4
Run Manager

User Actions
(MCTruth)

G4VFast
Simulation
Model

G4 wrapper layer

11



Simulation framework in CEPCSW (6)

+ Integration with Fast Simulation

e Region based: when a particle enter a region, fast simulation will be triggered

by Geant4.
G4Region
G4Fast
Simulation .64Fas.*r (.54VF°?T IFastSimG4
M Simulation Simulation Tool
Panager Manager Model 0
rocess
T
! 1
. G4Fast/Param Fast/Param !
! Simulation SimG4 !
: Model Tool 1
1
! 1
| User Defined |

e Support ML methods via ONNX inference interface.
Example: Fast pulse simulation (MLP) in drift chamber done by Wenxing

Sicr;nejgtitn G4FastStep ~"FastSim Inference Interface <::, ML/DL
Model (based on ONNX) Model

Framework

12



Outline

Gaussino-based simulation framework
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Gaussino-based simulation (1)

< CEPC also works together with Key4dhep project members and is re-implementing
CEPC detector simulation with Gaussino

< Evolution of the simulation framework from LHCb
e The underlying framework is moving to Gaudi Functional and Gaudi Hive
e Better support for multi-threading, machine learning, fast simulation methods

® Gauss-on-Gaussino is a new version of LHCb simulation framework

H Gauss E - Gauss
e —>

Gaudi

_ Gaussino LHCb
Pythia Geant4

EvtGen
EvtGen

Pythia Geant4 Gaudi

< @Gaussino is being added to Key4hep by extracting experiment-independent parts

from Gauss
14
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Gaussino-based simulation (2)

Gaussino is a thread-safe simulation framework based on Gaudi Functional and
provides interfaces to Pythia and Geant4.

Modular design 7777777 oC ,
e Gaudi Functional Algorithms Configure

|

I

|

' v
e GaudiTools :

|

|

|

Interface

Pythia
EvtGen

GENERATION

Four components

HepMC

Event Model
MCParticle |
MCVertex
MCHit

® Generation of events

e The detector simulation

SIMULATION

|
|
|
|
|
e Geometry service :
|
|

e Monitoring & output

Easy to configure by customizing the algorithms, services and tools

15



Gaussino-based simulation (3)

< Generation algorithms: “Generation” and “ParticleGun”

e The inputis LHCb GenHeader
e The output is HepMC GenEvent

class Generation
: public Gaudi::Functional::MultiTransformer<
std: :tuple<std: : vector<HepMC3: :GenEventPtr>, LHCb::GenCollisions, LHCb::GenHeader>( const LHCb::GenHeader& ),
Gaudi::Functional::Traits: :BaseClass_t<RndAlgSeeder>>

class ParticleGun
: public Gaud1i::Functional::MultiTransformer<
std: :tuple<HepMC3: :GenEventPtrs, LHCb::GenCollisions, LHCb::GenHeader>( const LHCb::GenHeader& ),
Gaud1i::Functional::Traits: :BaseClass_t<RndAlgSeeder>>
PileUp @

&

Beam Tool
Provide number of

pile-up
collisions

Vertex
Smearing

Tool
Provides the profile of

< The generation algorithm

100
Minimum Bias
Inclusive

e |t consists of different Gen tools

e Thread safety of generators

Apply generator level
selections based on
requested
sample

< The particle gun algorithm

e N Particles, Particle type, momentum, etc.

16



Gaussino-based simulation (4)

< Detector simulation algorithm: GiGaAlg

e The inputis HepMC GenEvent

e The output is G4Event and MC truths

class GiGaAlg : public Gaudi::Functional::MultiTransformer<std::tuple<G4EventProxies, Gaussino::MCTruthPtrs>(
const HepMC3::GenEventPtrs& ),

Gaudi::Functional::Traits: :BaseClass_t<RndAlgSeeder>>

< GiGaMT (Service) is used by GiGaAlg to simulate events with Geant4.
e The major interface to Geant4, including Detector Construction, Physics List and User Actions.

class GiGaMT : public Service, virtual public IGiGaMTSvc, virtual public IGiGaMTSetUpSvc

{
// TODO: GiGaActionInitializer +is very modular. No +idea if any other option might be used here.
// Gaudi::Property<std::string> m_MTRunMgrFactoryName{this, "MTRunManagerFactory", "GiGaMTRunManagerFAC"};
ToolHandle<GiGaFactoryBase<GiGaMTRunManager>> m_mTRunManagerFactory{this, "MTRunManagerFactory",

"GiGaMTRunManagerFAC"};
ToolHandle<GiGaFactoryBase<G4VUserPhysicsList>> m_physListFactory{this, "PhysicsListFactory", "GiGaMT_FTFP_BERT"};
ToolHandle<GiGaFactoryBase<GiGaWorkerPilot>> m_workerPilotFactory{this, "WorkerPilotFactory", "GiGaWorkerPilotFAC"};
ToolHandle<GiGaFactoryBase<G4VUserDetectorConstruction>> m_detConstFactory{this, "DetectorConstruction",
"GiGaMTDetectorConstructionFAC"};
ToolHandle<GiGaFactoryBase<G4VUserActionInitialization>> m_ActionInitializerFactory{this, "ActionInitializer",
"GiGaActionInitializer"};
ToolHandle<IHepMC3ToMCTruthConverter> m_converterTool{this, "HepMCConverter", "HepMC3ToMCTruthConverter"};
ToolHandleArray<IG4MonitoringTool> m_MoniTools{this};
Gaudi: :Property<std: :vector<std: :string>> m_MoniToolNames{
this, "MonitorTools", {}, tool_array_setter( m_MoniTools, m_MoniToolNames )};




Gaussino-based simulation (5)

< Multithreading with Geant4

e A queue is used to communicate between Gaussino and Geant4

Gauss

Geant4

Configurable factories

Geometry [|SensDet UserAction

1G4 objects

Geometry SensDet UserAction
A y = eee

LA R ]
A S = <
manages 4T}
Gaudi Servnce//,,‘ii‘i"fr —llG4Worker
: ot Queue 3
SimSvec::init() data std::thread
| ' +md. engine running pilot
data ¥ md engine +std::promise Wrapplng
: w SIS ; [ G4Worker-
SimAlg SimSvc::simulate() b e e RunManager
\_// 1 td e e e L
Jesult std::future
Gaudi
threads

Sim/GiGaMTCore/include/GiGaMTCoreRun/GiGaWorkerPilot.h

18



Gaussino-based simulation (6)

< Gaussino still depends on LHCb software and can not be used by other
experiments directly

< Development of CEPC-on-Gaussino was planned with the following three steps
e Using the original version having the dependency on the LHCb software
e Creating the modified version in which the LHCb dependency is removed

e Directly using the Key4hep version (not available at the moment)

Gaussino GaussinoExtLibs Gaussino
LHCb Detector
LHCDb
Run2Support DBASE
DD4hep EDM4hep
Key4hep
Gaudi Geant4

19



Gaussino-based simulation (7)

<% CEPC-on-Gaussino :

e https://gitlab.cern.ch/talin/build-cepc-on-gaussino

e https://gitlab.cern.ch/talin/Gaussino/-/tree/cepc-on-

gaussino

<+ Reuse GenEvent and MCEvent from the LHCb
project

e A minimum number of packages are selected

e Non-required dependencies were removed

< Implement the simulation of CEPC vertex
detector

e Use DD4hepCnvSvc as Geometry Service.

e Implement G4 Sensitive Detector and Hit object for
tracker detector.

e Implement a monitor tool to save output.

LHCb::GenEvent @
© ©

LHCb::Eventse LHCb::PartPropLib

HCb::LHCbMathLib
©

LHCb::LHCbKernel
©
oo
©

HepMC::HepMC

LHCb::LHCbAIgLib,
©

LHCb::DetDescLib
©

Note: define USE_DD4HEP  Retector::DetectorLib

CEPCTest/

CMakeLists.txt
include
L— CEPCTest
DDG4SenstitiveDetector.h
Geant4Hits.h
GenericTrackerSensDetTool.h
GenericTrackerSensitiveDetector.h
options
— cepc_gaussino.py
src
Components
GenericTrackerMonTool.cpp
GenericTrackerMonTool.hh
GenericTrackerSensDetToolComponent.cpp
Lib
DDG4Sens1itiveDetector.cpp
Geant4Hits.cpp
GenericTrackerSensDetTool.cpp
GenericTrackerSensitiveDetector.cpp


https://gitlab.cern.ch/talin/build-cepc-on-gaussino
https://gitlab.cern.ch/talin/Gaussino/-/tree/cepc-on-gaussino
https://gitlab.cern.ch/talin/Gaussino/-/tree/cepc-on-gaussino

Gaussino-based simulation (8)

< Need to take care of the name of the sensitive detector factory.

e DD4hep instance needs to know the name to retrieve the DD4hep detector component.

#include "CEPCTest/GenericTrackerSensDetTool.h"

DECLARE_COMPONENT_WITH_ID(GenericTrackerSensDetTool, "GenericTrackerSensDet")
DECLARE_COMPONENT_WITH_ID(GenericTrackerSensDetTool, "VXD")

< CEPC-on-Gaussino is easy to use

e Register the sensitive detector factory and associate it with DD4hep detector name
position x/y of hit

201

e Register the monitor tool 200¢ s

Mean x

26888
0.832

150 Meany -0.8453

montool = giga.addTool(GenericTrackerMonTool, name="GenericTrackelis St Devx

30.76
29.97

montool.OutputlLevel = DEBUG : Std Devy
2 . - I\ ) » , n B s
montool.CollectionName VXDCollection : I

4

i

/TN
{(e))

giga.MonitorTools = ["GenericTrackerMonTool"] X\?ﬂ/) J

GaussinoGeometry () .GeometryService = "DD4hepCnvSvc"

DD4hepCnvSvc() .DescriptionLocation = "CEPCSW/Detector/DetCRD/comg

DD4hepCnvSvc() .SensDetMappings = {"VXD": "VXD"}

# DD4hepCnvSvc() .OutputLevel = DEBUG
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Parameterized simulation: k4SimDelphes
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k4SimDelphes

+ Delphes is also integrated into Key4hep.
e EDM4hep is one of the supported output formats.

e k4SimDelphes offers both standalone executables and the integration with
framework.

m https://github.com/key4hep/k4SimDelphes

$ DelphesSTDHEP EDM4HEP \
delphes/cards/delphes card CEPC.tcl \
k4SimDelphes/edm4hep output config.tcl \
delphes output edméhep.root \

z_ee.hep
Current Tree : events
E¢C» -empty- & Calorimeter Hits position.y & EFlow MeutralHadron position.x & EFlow MNeutralHadron directionError y
f{’ Calorimeter Hits & Calorimeter Hits position.z & EFlow MNeutralHadron position.y & EFlowMeutralHadron directionError .2
% Calorimeter Hits.celllD & Calorimeter Hits type & EFlow MeutralHadron position.z & EFlowMNeutralHadron shapeParameters_bedgin
ig;‘%; Calorimeter Hits energy f{’ EFlowNeutralHadron & EFlowNeutralHadron positionError | & EFlowNeutralHadron shapeParameters_end
& Calorimeter Hits.energy Error % EFlowMeutralHadron. type % EFlowMeutralHadron.iTheta % EFlow MNeutralHadron subdetector Energies_beg
& Calorimeter Hits time & EFlowMeutralHadron energy & EFlow MeutralHadron. phi & EFlow MeutralHadron subdetector Energies_end
& Calorimeter Hits position.x & EFlow MeutralHadron energy Error & EFlowMeutralHadron directionError x & EFlowMeutralHadron clusters_begin
X TR »

Also see Key4hep-doc:
https://key4hep.qithub.io/key4hep-doc/k4simdelphes/doc/starterkit/k4SimDelphes/Readme.html

23



https://github.com/key4hep/k4SimDelphes
https://key4hep.github.io/key4hep-doc/k4simdelphes/doc/starterkit/k4SimDelphes/Readme.html
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Summary

+» CEPC simulation software is integrated with Key4hep.

e Adopting a common software makes it easy to share between
different experiments, such as k4SimDelphes could be used.

+» A complete simulation chain is available in CEPCSW.

e It is already used for detector software development.

<+ Currently migrating to Gaussino-based simulation.

e Reuse both GenEvent and MCEvent from LHCb and remove
the dependencies.

e Implement the CEPC VXD detector simulation.

e Next step:

Integrate with the Gaudi functional version of k4FWCore
and save the output in EDM4hep.
25



