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Outline

 Introduction

 Core software
 Gaudi: the underlying framework

 EDM4hep: the event data model

 k4FWCore: EDM management

 DD4hep: the detector description

 Simulation framework

 Hands-on
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Introduction (1)

 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.
 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. 
 Development of k4LCIOReader: LCIO to 

EDM4hep converter

 Migration of reconstruction algorithms

 Development of simulation framework in 
CEPCSW

 Validation between iLCSoft and CEPCSW.

 CEPCSW Tutorial and detector study, 
IHEP, 17-18 Sept 2020
 https://indico.ihep.ac.cn/event/12341/

 CEPCSW Training (27-29 Dec 23)
 https://docs.qq.com/doc/DWXNkbGZDaWtXQ

XlM
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CEPCSW

 OS/Compiler/External Libraries
 CentOS 7 / AlmaLinux 9

 gcc/g++ 11 (C++ 17 standard)

 Based on CERN LCG 103 / Key4hep

 Additional libraries are deployed at 
IHEP
 /cvmfs/cepcsw.ihep.ac.cn/protot

ype/releases/externals/103.0.2

 Core software
 Gaudi: underlying framework

 EDM4hep: the event data model

 k4FWCore: data management

 DD4hep: detector description

 CEPC Applications
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Packages in CEPCSW

 Detector concepts
 CDR (baseline design)

 The 4th concept

 MC Generators
 Multiple formats for signals: 

HepMC, HepEvt, StdHep, LCIO

 GuineaPig++ for MDI

 Particle Gun

 Simulation
 G4 based simulation framework

 Fast simulation models, such as ML 
based dE/dx simulation

 Digitization algorithms for silicon, 
calo, drift chamber

 Reconstruction
 Marlin based tracking algorithms 

for silicon detector 

 Genfit based tracking algorithms 
for drift chamber

 Pandora based PFA

 Analysis tools
 Arbor based analysis algorithm.

 RDataFrame based analysis 
framework.

 Examples and docs
 Usage of EDM4hep, Identifier, etc. 

50 packages in total



Gaudi framework

 Key components
 Algorithm: concrete calculation to the event during event loop

 Service: Common functionalities that can be invoked by other components
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EDM4hep: Event Data Model
 EDM4hep is the common event data model (EDM) being developed for the future 

experiments like CEPC, CLIC, FCC, ILC, etc.

 describing event objects created at different data processing stages and also 
reflecting the relationship between them.

 The code is generated by toolkit PODIO from a yaml file. 
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DD4hep: Detector Description

 DD4hep was adopted to 
provide a full detector 
description, which was 
generated from a single source 

 Different detector design 
options are managed in the Git
repository and a simulation job 
can  be easily configured in 
runtime 

 The non-uniform magnetic 
field  was  also  implemented 
in CEPCSW
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Simulation framework in CEPCSW (1)

 Complete simulation chain with EDM4hep
 Physics generator

 MCParticle

 Detector Simulation based on Geant4
 MCParticle (with secondaries), SimTrackerHit, SimCalorimeterHits

 Digitization
 TrackerHit, CalorimeterHit
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Simulation framework in CEPCSW (2)

 Geometry management with 
DD4hep
 Consists of C++ constructors and 

XML based compact files

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

https://github.com/cepc/CEPCSW/tree/master/Detector
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Simulation framework in CEPCSW (3)

 Non-uniform magnetic fields
 The Br/Bz csv files are provided by magnetic group. 
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Simulation framework in CEPCSW (4)

 Physics generator interface
 Physics generators with different formats are integrated, including StdHep, 

HepEvt, LCIO, HepMC formats. 

 Particle gun is supported. 

 Beam background generators, such as Guinea Pig.
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Simulation framework in CEPCSW (5)

 Integration with Geant4 and Gaudi
 A thin layer is developed to manage corresponding Geant4 objects. 
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Simulation framework in CEPCSW (6)

 Integration with Fast Simulation
 Region based: when a particle enter a region, fast simulation will be triggered 

by Geant4.

 Support ML methods via ONNX inference interface.
 Example: Fast pulse simulation (MLP) in drift chamber done by Wenxing
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Hands-on

 Use GitLab at IHEP: https://code.ihep.ac.cn/cepc/CEPCSW
 Login with your IHEP SSO account.

 Upload your SSH public key into GitLab.

 Fork the CEPCSW to your account.

 Clone the source code. 

 Build and test your own CEPCSW
 Setup software environment 

 Build with CMake

 Test the job
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Login with IHEP SSO account

 https://code.ihep.ac.cn/users/sign_in
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Upload SSH public key into GitLab.

 SSH key could be generated using ssh-keygen
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Fork the CEPCSW

 Fork the source code to your account. 
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Clone the source code

 After copying the URL, use “git clone” to get the source code. 
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Build and test CEPCSW
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Job option (Gaudi steering file)

 Example: Detector/DetCRD/scripts/CRD_o1_v01-SimRec.py

 Seed of random number

 Geometry
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 Generators: particle gun, StdHep, HepMC

23



 Detector simulation
 The RunCmds are the Geant4 macros. Useful to debug.
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