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A very brief word on me

• Second-year PhD student 
based at l’Ecole Polytechnique 
Fédérale de Lausanne. Close!

• But… from Canberra, Australia. 
(Very) Not close!

• Searching for direct detection 
of new physics - Heavy Neutral 
Leptons (HNLs)
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Content of presentation

• What is simulation and why do 
we need it?

• Introduction to the LHCb 
software framework

• How to run simulation

• Topical presentation: 
RapidSim
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Content of presentation

• Everything that will be covered 
today and much more is 
available on the Run 3 LHCb 
Starterkit pages:
https://lhcb-starterkit-
run3.docs.cern.ch/

• For simulation, look here
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What is simulation and why do 
we need it?

LHCb Starterkit 2025 01/12/2025 Spencer Collaviti 5



What is simulation?

• Simulation also called Monte 
Carlo (MC) is a model of events 
occurring at the LHCb 
experiment

• Aims to describe the:
• Interactions from the LHC
• Particle interaction with the 

detector
• ‘Trigger’ decision by LHCb
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Why do we need simulation?

• Simulation allows us to study effects:
• Without background,
• With unobserved particles (e.g. HNLs) and decays (LFV),
• With different software and detector configurations

• This is, unsurprisingly, enormously useful and thus used by 
(almost) everyone
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Typical simulation use cases:

1. Compute trigger efficiencies,
2. Design selections,
3. Model signal shapes,
4. Develop software algorithms,
5. …
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An aside: simulation is not perfect

• Simulation is expensive!
• ~ €0.001 per event
• €20 000 for 20 million events 

(typical)

• Simulation is slow!
• ~5 minutes per event
• Over one year, simulate 30 

minutes of data taking
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~ 30 minutes of data-taking
~€70 000 000



An aside: simulation is not perfect

• Doesn’t perfectly match reality
• Need corrections
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Introduction to the LHCb 
Software Framework
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Gauss is my detector, Boole is my readout
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The LHCb software framework

• The LHCb software framework consists of two programs:
• Gaus: An interface program between several publicly-available codes
• Boole: A digitisation program; takes the Gauss ouptut and emulates the 

response of the LHCb detector

• The output of Boole can be directly fed to the LHCb trigger and 
downstream programs, identically to data collected by the 
detector
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The LHCb software framework
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Allen, Moore, 
DaVinci



Generation: Production

• As a first step, Gauss interfaces 
and runs a “production code”
• => Models the pp (or PbPb or …) 

interactions (primary vertices; 
PVs)

• If desired, forces a signal mother 
particle to be present
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Generation: Production

• Several different options, 
typically one of the PYTHIA 
versions is used
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Generation: Decay

• At this point, we have:
• Signal mother particle
• Any particles from one or more 

PVs

• Generation done? No!
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Generation: Decay

• EvtGen then used to decay the 
produced particles

• At this point, have ‘MC-level’ or 
‘true parameters’
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Simulation: Interaction with detector 

• The next step is simulating the 
interaction of particles with 
the detector

• Simulated using Geant4

• Detector geometry predefined 
using DetDesc (Runs 1-3) and 
DD4Hep (Upgrade 2) here

LHCb Starterkit 2025 01/12/2025 Spencer Collaviti 19
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Digitisation: Boole

• The final simulation-specific 
step is converting the energy 
deposited in the detector to 
electrical signals

• Done using Boole (not 
managed with Gauss)

• Trigger then run with Allen, 
Moore as for data
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QUESTION: Simulation speed

What is the relative speed of generation and simulation with Gauss?

1. Generation is much faster (>10 times) than detector simulation

2. Generation and simulation take roughly the same time

3. Detector simulation is much faster (>10 times) than generation
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QUESTION: Acceptance

What fraction of events (approximately) is in LHCb acceptance?

1. Around 100%

2. Around 50%

3. Around 10%

4. Around 1%
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How to run simulation
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How to run simulation

1. Don’t run simulation (if it already exists!)

2. Locally / on distributed computing:
• lb-run Gauss …
• More control, more understanding
• Less reproducible
• Hard

3. Centrally : MC requests
• Merge a yaml file
• Reproducible
• Simpler
• Usually required for analyses to be published / reviewed
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DecFile

• In either case, need a decfile
• Stored centrally here, listed 

here

• Decfiles have:
• An EventType
• Generator-level cuts
• Comments
• Decay path
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DecFile

• In either case, need a decfile
• Stored centrally here, listed 

here

• Decfiles have:
• An EventType
• Generator-level cuts
• Comments
• Decay path
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Task: Find a DecFile

• Pick a (new?) friend! Together, try to:

• Find a DecFile for:
𝐵+ → 𝐽/𝜓 → 𝜇+𝜇−  𝐾+

• If you succeed, find a DecFile (hard) for:

𝐵+ → 𝜇+𝑋𝑐 𝑁 → 𝜇+𝑋− 𝜈
(𝑁 is a HNL; a theoretical long-lived particle, 𝑋 an arbitrary hadron and 
𝑋𝑐 an arbitrary charmed hadron)
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Task: Design a generator-level cut

• Grab your friend. Together, try to:
• Design generator-level cuts for

𝐵+ → 𝐽/𝜓 → 𝜇+𝜇−  𝐾+

• If you succeed, try to design 
generator-level cuts (hard!) for
𝐵+ → 𝜇+𝑋𝑐 𝑁 → 𝜇+𝑋− 𝜈

• Assume that:
• You want to reconstruct all 

specified charged particles
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MC Requests: Things to ask yourself

• Are there available samples matching our needs?
• Are there decfiles?
• What should I include in the decfile?
• Which type of simulation? Which output?
• Which simulation version?
• Should I filter my data?
• Years? Polarity? How many events?
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Simulation types

• Full simulation: Nominal simulation; full detector independent 
events

• ReDecay: Saves an underlying event, regenerates signal (~10 
times faster)

• ParticleGun: No pp collision (i.e. no Pythia); launch a single 
particle with desired kinematics

• Tracker only: Turn off CALO and MUON systems
• …
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Output types (And example uses)

• XGEN: Only Gauss generation (efficiency computations)
• SIM: Only Gauss simulation (Boole development)
• DIGI: Digitised hits (Reconstruction development)
• (m)(X)DST: Sample with reconstruction information (Analysis)
• MDF: Samples emulating real data taking (Allen, Moore 

development)
• …
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Simulation Version

• Rule of thumb: Use what was previously used (ongoing analysis), 
use the newest version
• Rule of always being right: Ask your supervisor and MC liaison

• Broad categories:
• Sim09: Runs 1 and 2
• Sim10: Run 3
• Sim11: In development
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Should I filter?

• Filtering works like the pit: Hlt1 and Hlt2 are destructive

• Great for reducing disk space

• Potentially an issue depending on decfiles, etc.
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Years? Polarity? Number of events?

• How much data do you need? Discuss with supervisors, liaisons. 
Study the data

• Limit without Physics Planning Group approval:
• 4 million events per year (DST)
• 20 million events per year (mDST)
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Ready?

• Prepare and request a view of a 
merge request

• Advice:
• Test your request locally
• Document your merge request well. 

Explaining your reasoning helps give 
reviewers confidence and helps 
them identify errors

• Pay attention to the pipelines; they 
are your friends
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Conclusion
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Conclusion

• Simulation is a critical part of the LHCb software ecosystem 
managed by Gauss (but not a perfect model!)

• A large computational expense of the experiment; therefore 
important to be efficient

• For analyses, recommended (almost required) to use central 
simulation through MC requests
• Local running good for prototyping, checking consistency
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Task: Let’s run Gauss

LHCb Starterkit 2025 01/12/2025 Spencer Collaviti 38


	Slide 1: The Simulation Framework at LHCb
	Slide 2: A very brief word on me
	Slide 3: Content of presentation
	Slide 4: Content of presentation
	Slide 5: What is simulation and why do we need it?
	Slide 6: What is simulation?
	Slide 7: Why do we need simulation?
	Slide 8: Typical simulation use cases:
	Slide 9: An aside: simulation is not perfect
	Slide 10: An aside: simulation is not perfect
	Slide 11: Introduction to the LHCb Software Framework
	Slide 12: Gauss is my detector, Boole is my readout
	Slide 13: The LHCb software framework
	Slide 14: The LHCb software framework
	Slide 15: Generation: Production
	Slide 16: Generation: Production
	Slide 17: Generation: Decay
	Slide 18: Generation: Decay
	Slide 19: Simulation: Interaction with detector 
	Slide 20: Digitisation: Boole
	Slide 21: QUESTION: Simulation speed
	Slide 22: QUESTION: Acceptance
	Slide 23: How to run simulation
	Slide 24: How to run simulation
	Slide 25: DecFile
	Slide 26: DecFile
	Slide 27: Task: Find a DecFile
	Slide 28: Task: Design a generator-level cut
	Slide 29: MC Requests: Things to ask yourself
	Slide 30: Simulation types
	Slide 31: Output types (And example uses)
	Slide 32: Simulation Version
	Slide 33: Should I filter?
	Slide 34: Years? Polarity? Number of events?
	Slide 35: Ready?
	Slide 36: Conclusion
	Slide 37: Conclusion
	Slide 38: Task: Let’s run Gauss

