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(1) the generation of the primary event,

(2) the tracking of the particles produced in the experimental setup (detector).

The first step can be further divided into two important main parts, both using external
generator packages. First, the production of particles coming out of the primary pp collision of
the LHC beams, which is currently realized by default via the general purpose event generator
PYTHIA 6 [4]. Second, the decay and time evolution of the produced particles using mainly
the EvtGen [5] package. The simulation software application, Gauss, is interfaced to these two
external generators, and provides the necessary algorithms to steer the execution of the di!erent
generation sequences, and to ensure the coherence between them. A very generic framework
has been designed. The resulting application is flexible enough to be able to generate a very
large variety of event types, from beam gas events up to very rare decays of B mesons, allowing
di!erent generator packages available in the high-energy physics community to be interfaced to
Gauss.

2. General software structure
The structure of the LHCb simulation software is pictured in Fig. 1, where the two main phases
are represented: event generation and detector simulation. The simulation part is based on
the GEANT4 package [6] and is described in detail in [3]. The generation step deals with the
generation of physics events and uses several generic tools to perform the necessary actions.

2.1. Main generation algorithm
The generation of the events is realized in one Gaudi algorithm [7], [8] which implements three
main actions:

(1) Initialization: this step mainly deals with the configuration of the algorithm which is
obtained from configurables [8], i.e. special python classes built from the C++ components
(Services, Algorithms, Tools) which compute from user inputs the value of the parameters
to be used for the generation. These values can be for example the energy of the proton
beam to consider for the generation, or the crossing angle between the beams.

(2) Event loop execution: the result of this step is the generation of one physics event
corresponding to the criteria defined at the initialization (for example events containing
a b quark). The generated event is stored in HepMC format [9] and is then transferred to
the simulation step, as illustrated in Fig.1. It can optionally be saved on a POOL output
file [10] to be analyzed in detail later.

Figure 1. Structure of the Gauss software.
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• The LHCb Simulation software, Gauss, is by design modular

LHCb Simulation - an overview
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• Allows us to efficiently switch between generator and fast simulation option by simple options 

• The framework is general enough to be able to seamlessly switch without the user knowledge of  
inner workings
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• This structure has been crucial for the simulation needs of  LHCb (think about generating , 
 and , and  as well as Heavy Ion/Fixed target (SMOG) collisions, all in the same 

framework) 

• Use in multithreaded environments requires further generalization  Gaussino (see Michal's Talk) 

• Do you want event level or particle level parallelization?  This choice will affect your design choice and 
will limit you in the future if  you've not already planned for it 

• Generators and Simulation description will have different ideas about what is the best parallelism for them

B+
c → J/ψτν

D0 → K+K− H → cc̄ pp

→

→
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Main Features
Keep the design choices of current Gauss, e.g.:

Integrated generation and simulation phase
Include the following features:

Multi-threaded Gaudi
Can benefit from MT generators
HepMC3
Improve easy python configuration for jobs
Multi-threaded Geant4 New Framework built dependencies

Figure 6.2: (top) Dependencies from LHCb and external software for the current Gauss (bottom)
Dependecies from LHCb, Gaussino and external software for the future Gauss

for each of the concurrent collisions (pileup) and to handle the production and decay of particles.
Therefore, the main work needed for the generator phase is a repackaging of the di↵erent parts to
take away any LHCb-specific parts from Gaussino and encapsulate them in the future Gauss
version.

The second phase of Gauss consists in the tracking through the LHCb detector of the
particles produced by the generator phase. The simulation of the physics processes, which the
particles undergo when travelling through the experimental setup, is currently delegated to
the Geant4 toolkit. Geant4 interacts with Gauss using a set of interfaces and encapsulated
converters in a Gaudi specialised framework (GiGa [47]). In the current implementation of
Gauss the main simulation algorithm is strictly tied to the use of the Geant4 tool-kit for the
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Execution structure

Gaudi Functional

Every Algorithm as task

Constant execution

Random Engine created per call

Fixed input/output, e.g.

/*output data*/ operator()(const /*input data*/) const
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Ref. [Task based scheduler]
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• Looking ahead, we need to be able to choose what fast simulation we want to run 

• I want ReDecay (Eur. Phys. J. C 78 (2018) 1009) with BcVegPy only selecting photons which are 
reconstructed using a fast calorimeter simulation, but the rest of  the event to be simulated as 
normal. 

• Lamarr (fully parametrized simulation, input is generator level particles, output is LHCb 
reconstructed quantities) was born out of  using Delphes which could not fulfill such a need 

• We want to also be able to use the same framework for Run 1 simulations and for Run 3 and beyond 

• Need to already foresee the design choices now

Reusability in Fast Simulation
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https://link.springer.com/article/10.1140/epjc/s10052-018-6469-6
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• How are we going to ensure reusability of  current software when dealing with new and emerging 
processors (GPU, IPU, somethingPU)? 

• What about FPGA? Are we even going to go there? 

• There are options, say OneAPI, which allows for backend agnostic writing, but is this a long term 
solution? 

• In either case, how do you make a framework which is agnostic to your choice?  

• In 10 years, can I produce simulation we made with gcc49-slc6 and Geant4 10.4? 

• These are all choices we need to ensure we can make today for tomorrow.

Towards the future

5Generalization and Reusability - an LHCb Viewpoint


