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The Circular Electron Positron Collider (CEPC) is a future Higgs factory to measure the Higgs
boson properties. Like the other future experiments, the simulation software plays a crucial role
in CEPC for detector designs, algorithm optimization and physics studies. Due to similar require-
ments, the software stack from the Key4hep project has been adopted by CEPC. As the initial
application of Key4hep, a simulation framework has been developed for CEPC based on DD4hep,
EDM4hep and k4FWCore since 2020. However, the current simulation framework for CEPC lacks
support for the parallel computing. To benefit from the multi-threading techniques, the Gaussino
project from the LHCb experiment has been chosen as the next simulation framework in Key4hep.
This contribution presents the application of Gaussino for CEPC. The development of the CEPC-
on-Gaussino prototype will be shown and the simulation of a tracker detector will be demonstrated.
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1. Introduction

The Circular Electron Positron Collider (CEPC) is an e+e− Higgs factory designed to produce
Higgs, W, Z and top quarks, with the goal of discovering new physics beyond the Standard Model.
In November 2018, the CEPC Conceptual Design Report (CDR) was released [1, 2]. Following
this, the CEPC Accelerator Technical Design Report (TDR) was published in in December 2023
[3]. The CEPC team is currently working on the Reference Detector TDR, which is scheduled for
released in June 2025. To support the detector design and physics performance studies, the CEPC
software (CEPCSW) plays a crucial role by providing simulation and reconstruction tools to the end
users.

The CEPCSW is developed based on a common turnkey software stack called Key4hep [4].
The primary goal of Key4hep is to maximize the sharing of software components among different
experiments. Currently, Key4hep is utilized by CEPC, CLIC [5, 6], FCC [7–9], ILC [10, 11] and
other future experiments. By adopting the Key4hep software stack, CEPCSW is composed of three
main parts: the underlying external libraries, the core software and the CEPC-specific applications.

The core software provides the key functionalites to the applications. The Gaudi framework
[12] defines the interfaces for all software components and control their execution. EDM4hep [13]
defines a generic event data model, while K4FWCore manages the event data. DD4hep [14] pro-
vides the geometry description. In addition to these software components, there are CEPC-specific
software elements, such as the simulation framework. This framework includes the physics gener-
ator interface, Geant4 simulation and beam background mixing.

Figure 1: Design of simulation framework

Figure 1 illustrates the design of the simulation framework. The entry point is a Gaudi algo-
rithm called DetSimAlg, which comprises a list of Gaudi tools responsible for detector construction,
primary particle generation, physics list, user actions and fast simulation. Corresponding Geant4-
derived classes are implemented to integrate the Gaudi tools with Geant4. These Geant4-derived
classes are registered with the Geant4 Run Manager during the initialization stage. The detector
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construction tool and physics list tool are invoked at beginning of the event loop. During the event
loop, DetSimAlg calls the Geant4 Run Manager to simulate an event, which in turn invokes the
appropriate primary generator action tools and user action tools.

2. Moving to a new simulation framework

The current simulation framework does not support multi-threading. Multi-threading simula-
tion could significantly reduce the memory usage by sharing geometries and the physics list. The
memory usage of the current simulation was measured using the CEPC detector option TDR_o1_v01
and the Geant4 physics list QGSP_BERT. To measure the memory usage at initialization, 100
single muon events were simulated to minimize memory usage during the event loop. The resi-
dent set size (RSS) memory is approximately 950 MB at the initialization stage. Figure 2 shows
the heap memory usage, measured with the profiler tool Valgrind Massif. According to the Mas-
sif report, most of the memory is used by geometry related components, such as the ROOT TGeo
[17] geometries used by DD4hep, the Geant4 geometry converted by DDG4, and Geant4 geom-
etry voxelization during G4GeometryManager::BuildOptimisations. Therefore, implementing
multi-threaded simulation could reduce memory usage by sharing these components.

Figure 2: Heap memory usage of simulation in CEPCSW

There are two options for a multi-threaded simulation framework. One option is to develop a
new framework based on the current serial version. The other option is to adopt an existing frame-
work. Gaussino [15] is a potential solution for simulation within Key4hep project [16]. Gaussino
is a simulation framework from LHCb. As shown in Figure 3, the LHCb simulation framework
Gauss is divided into the common parts, named Gaussino, and the LHCb dedicated parts, named
the Gauss-on-Gaussino. The underlying framework is based Gaudi Functional and Gaudi Hive,
which provide better support for multi-threading. Therefore, Gaussino has been chosen as the next
simulation framework in CEPCSW, and the CEPC-on-Gaussino prototype has been proposed.
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Figure 3: Evolution of LHCb simulation framework

3. CEPC-on-Gaussino prototype

One of the challenges in adopting Gaussino in CEPCSW is the existing dependencies on LHCb
software, and the decoupling of these dependencies is still on going. Figure 4 shows the current
software dependencies. To develop the CEPC-on-Gaussino prototype, there are three steps:

1. Using Gaussino with the full LHCb software;

2. Creating a modified version with fewer LHCb dependency;

3. Directly using the Key4hep version without LHCb dependency, which is not available at the
moment.

Figure 4: The dependencies of Gaussino

The first step involes using Gaussino with LHCb software dependencies. Since the external
libraries are deployed at /cvmfs, building Gaussino with LHCb software installation script is rela-
tively straightforward. During this step, only the geometries from CEPCSW are used in Gaussino,
while all the underlying software is based on LHCb software. To load the CEPC tracker detector,
DD4hepCnvSvc is adopted as the geometry service instead of the LHCb detector description li-
brary. As there is no detector response implemented, the Geant4 stepping verbose information are
printed to verify whether the simulation works. Multi-threading is also tested with multiple cores.

The second step involves creating a modified version with fewer LHCb dependencies. During
this step, all the underlying software is based on CEPC software. Gaussino and its dependencies are
built as external libraries of CEPC software. Special branches in the repositories are created, and
the CMakeLists.txt files are modified to build Gaussino. Only the necessary packages from LHCb
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software are built, such as the Event Data Model GenEvent and MCEvent. After optimization,
approximately 20 shared libraries are built in total.

The detector responses are implemented for the tracker detector. Classes from DDG4 are
reused with minor modifications, such as the hit class Geant4Hit and the sensitive detector base
class DDG4SensitiveDetector. A concrete sensitive detector class GenericTrackerSensitiveDe-
tector is then implemented. To integrate the sensitive detector into Gaussino, an additional Gaudi
factory named GenericTrackerSensDetTool is used to create the object. A monitoring tool is also
implemented to save the user output, including histograms of positions and deposit energies. In the
monitoring tool, an instance of G4Event is provided at the end of each event, the hit collections are
retrieved and converted to the Geant4Hit. Then these hit information are filled into the histograms.
Firgue 5 shows the job options and the corresponding histogram.

Figure 5: The monitoring tool in job options and the histogram of positions

4. Summary

The simulation framework in CEPCSW has been developed to support the CEPC Reference
Detecotor TDR. To benefit from multi-threading techniques and reduce memory usage, it is nec-
essary to transition from a serial version to a multi-threaded version. The Gaussino project from
LHCb has been chosen as the simulation framework within Key4hep. Consequently, the CEPC-on-
Gaussino prototype has been proposed and implemented without dependencies on the whole LHCb
software stack.
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