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CEPC: Circular Electron Positron Collider

 CEPC is an e+e- Higgs factory producing Higgs/W/Z bosons and top quarks, aims 
at discovering new physics beyond the Standard Model. 

 Milestones: 

 2018.11: CEPC CDR released

 2023.12: CEPC Accelerator TDR released
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𝒆𝒆+𝒆𝒆− Higgs (Z) factory
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Towards Reference Detector TDR
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CEPCSW: software based on Key4hep

 CEPCSW is developed based on a Common Turnkey Software Stack (Key4hep)

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

 Maximize the sharing of software components among different experiments.
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 Core software 

 Gaudi (Hive): defines interfaces to all software 
components and controls their execution

 EDM4hep: generic event data model 

 K4FWCore: manages the event data 

 DD4hep: geometry description

 CEPC-specific framework software: generator, 
Geant4 simulation, beam background mixing, 
fast simulation, machine learning interface, etc.

 CEPCSW source code:

 https://code.ihep.ac.cn/cepc/CEPCSW

https://code.ihep.ac.cn/cepc/CEPCSW


Simulation framework in CEPCSW

 Full detector simulation has been 
developed based on Geant4. 

 A unified simulation framework to  
integrate Geant4 and Gaudi. 

 Detector description: convert from 
DD4hep geometry using DDG4.

 Event data: SimTrackerHit and 
SimCalorimeterHit

 Generator interfaces: HepMC, LCIO, 
StdHep, Beam background, Particle 
Gun

 Detector responses: trackers, DC, TPC, 
calorimeter

 Monte Carlo truth: association 
between hits and MC particles

 Fast simulation interfaces: Geant4 
Region based. 
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Moving to a next simulation framework (1)

 The current simulation framework in CEPCSW is not benefit from the 
multithreading because it does not support the Geant4-MT.

 Sharing the geometries and physics lists could reduce the memory usage. 
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The figure shows the heap memory 
usage.

Command line: 
gaudirun.py --profilerName=valgrindmassif sim.py

The RSS memory is about 950MB at 
initialization stage. 

Simulation setup:
• Detector: TDR_o1_v01
• Physics list: QGSP_BERT
• Generation: single muons
• N events: 100

Memory usage (serial version)



Moving to a next simulation framework (2)

 Question: Develop a new one or adopt an existing one?

 Gaussino is a potential solution in Key4hep. [arXiv: 2312.08152]

 Gauss-on-Gaussino: Evolution of the simulation framework from LHCb

 The underlying framework is moving to Gaudi Functional and Gaudi Hive

 Better support for multi-threading, machine learning, fast simulation methods

 Gauss-on-Gaussino is a new version of LHCb simulation framework
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[1] Michał Mazurek, CHEP 2023, The LHCb simulation software Gauss and its Gaussino core framework
[2] Michał Mazurek, CHEP 2023, From prototypes to large scale detectors: how to exploit the Gaussino
simulation framework for detectors studies, with a detour into machine learning

https://arxiv.org/abs/2312.08152


Overview of Gaussino (1)

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

 Modular design

 Gaudi Functional Algorithms

 Gaudi Tools

 Four components

 Generation of events

 The detector simulation

 Geometry service

 Monitoring & output

 Easy to configure by customizing 
the algorithms, services and tools
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 Generation: Generation and ParticleGun

 The input is LHCb GenHeader

 The output is HepMC GenEvent

 Detector simulation: GiGaAlg

 The input is HepMC GenEvent

 The output is G4Event and MC truths



Overview of Gaussino (2)

 Multithreading with Geant4

 A queue is used to communicate between Gaussino and Geant4
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Sim/GiGaMTCore/include/GiGaMTCoreRun/GiGaWorkerPilot.h
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CEPC-on-Gaussino prototype (1)
 Gaussino still depends on LHCb software and removing the dependencies is on 

going 

 Some existing works: MR !1493 in Gaudi by Graeme.

 Development of CEPC-on-Gaussino was planned with the following three steps

 Using the original version having the dependency on the LHCb software

 Creating a modified version with less LHCb dependency

 Directly using the Key4hep version without LHCb dependency (not available at 
the moment)
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https://gitlab.cern.ch/gaudi/Gaudi/-/merge_requests/1493


CEPC-on-Gaussino prototype (2)

 It will be too heavy to build the 
prototype with the whole LHCb
software. 

 CMakeLists.txt in LHCb and 
gaussinoextlibs are modified to build 
necessary libraries.

 After optimization, about 20 libraries 
are built in LHCb and GaussinoExtLibs.
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CEPC-on-Gaussino prototype (3)

 Event Data Model

 reuse GenEvent and MCEvent from the LHCb
project

 A minimum number of packages are selected

 Non-required dependencies were removed

 Detector description

 use the DD4hep, so that no dependent on 
LHCb detector description library

 Use DD4hepCnvSvc as Geometry Service to 
load CEPC tracker detector.

 Detector response: 

 Implement G4 Sensitive Detector and Hit 
object for tracker detector.

 Implement a monitor tool to save user output. 
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CEPC-on-Gaussino prototype (4)

 Job option

 CEPC-on-Gaussino is configured in the Python script.

 Register the sensitive detector factory and associate it with DD4hep detector name.

 Register the monitor tool for testing only. 

 The output in EDM4hep is not implemented yet. 
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https://gitlab.cern.ch/talin/build-cepc-on-gaussino/-
/blob/main/my_gaussino_dd4hep.py?ref_type=heads

https://gitlab.cern.ch/talin/build-cepc-on-gaussino/-/blob/main/my_gaussino_dd4hep.py?ref_type=heads


CEPC-on-Gaussino prototype (5)

 The installation script is used to build LHCb, gaussinoextlibs, Gaussino, and 
CEPCSW with branch name cepc-on-gaussino.
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$ git clone 
ssh://git@gitlab.cern.ch:7999/talin/
build-cepc-on-gaussino.git 
$ cd build-cepc-on-gaussino 

$ bash build.sh build-all

$ source setup.sh

$ gaudirun.py my_gaussino_dd4hep.py

Project Git repo
LHCb https://gitlab.cern.ch/talin/LHCb/-/tree/cepc-on-gaussino?ref_type=heads

gaussinoextlibs https://gitlab.cern.ch/talin/gaussinoextlibs/-/tree/cepc-on-gaussino?ref_type=heads

Gaussino https://gitlab.cern.ch/talin/Gaussino/-/tree/cepc-on-gaussino?ref_type=heads

CEPCSW https://gitlab.cern.ch/talin/CEPCSW/-/tree/cepc-on-gaussino?ref_type=heads

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

https://gitlab.cern.ch/talin/LHCb/-/tree/cepc-on-gaussino?ref_type=heads
https://gitlab.cern.ch/talin/gaussinoextlibs/-/tree/cepc-on-gaussino?ref_type=heads
https://gitlab.cern.ch/talin/Gaussino/-/tree/cepc-on-gaussino?ref_type=heads
https://gitlab.cern.ch/talin/CEPCSW/-/tree/cepc-on-gaussino?ref_type=heads
https://gitlab.cern.ch/talin/build-cepc-on-gaussino


Implementation (1): Geometry

 Gaussino provides several ways to setup geometry.

 Specify the factory (GiGaFactoryBase<G4VUserDetectorConstruction>) in 
GiGaMT.DetectorConstruction and setup the corresponding properties.

 GiGaMTDetectorConstructionFAC (default): property GiGaMTGeoSvc

 GDMLConstructionFactory: property GDML

 DD4hepDetectorConstructionFAC: property DescriptionLocation

 If use the default factory, the geometry could be customized using the GeoSvc
(IGiGaMTGeoSvc). 

 DD4hepCnvSvc
 Property DescriptionLocation

19python/Gaussino/Geometry.py



Implementation (2): Sensitive Detector

 DDG4 classes are reused with minor changes:
 A hit type: Geant4Hits. This is from DDG4.

 A DDG4 based SD: DDG4SensitiveDetector. Also from DDG4, but adding the 
GiGaMessage in the base class. 

 A concrete SD: GenericTrackerSensitiveDetector.

 Gaussino integration part:
 A GiGa factory GenericTrackerSensDetTool is used to create the SD.

 Declare the factory component: GenericTrackerSensDetToolComponent. 
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In order to let SD get the DD4hep 
instances according to the name, the 
component is declared with the 
detector name. 



Implementation (3): Monitoring tool

 For testing only, the histograms of positions and deposit energies are 
created. 

21



Summary

 The simulation framework in CEPCSW has been developed to 
support the TDR. 

 In order to benefit from multi-threading techniques, it is 
necessary to move from serial version to multi-threaded version. 

 Gaussino project from LHCb has been chosen as the next 
simulation framework in Key4hep. 

 CEPC-on-Gaussino prototype has been implemented without 
dependencies on the whole LHCb software stack.

22



backup
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Generation phase

 Generation algorithms: “Generation” and “ParticleGun”
 The input is LHCb GenHeader

 The output is HepMC GenEvent

 The generation algorithm
 It consists of different Gen tools

 Thread safety of generators

 The particle gun algorithm
 N Particles, Particle type, momentum, etc.
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Detector simulation phase

 Detector simulation algorithm: GiGaAlg
 The input is HepMC GenEvent

 The output is G4Event and MC truths

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