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LHCb From Run 2 to Run 3

LHCb Upgrade I arXiv:2305.10515

Significant upgrades to the LHCb detector were made during the recent LHC LS2

New Vertexing Detector → Closer
to beam; Silicon pixels improve IP
resolution

New PID detector → New photon
detectors and improved readout

New tracking system → Silicon strip
UT for improved tracking granularity;
Fibre tracking for high particle
density momentum resolution

New Readout Systems

BONUS : New GPU-based trigger
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https://arxiv.org/abs/2305.10515


LHCb From Run 2 to Run 3

LHCb Run 3 Dataflow

→ LHCb utilizes a purely software-based trigger system
All stages (HLT1, HLT2, Offline) built on top of the same software

stack and selections made by analysts
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LHCb From Run 2 to Run 3

LHCb Run 3 Dataflow – Offline

Huge amounts of data sent offline concurrently in real time
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LHCb From Run 2 to Run 3

Monitoring Impacts With CI Tests

Impact of software

changes to operational

budgets monitored

closely

1 Changing
Selections

2 Changing
reconstruction

WG and line-by-line
breakdown provides a
transparent
understanding of
resource use to Physics
Coordination
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LHCb From Run 2 to Run 3

LHCb Run 3 Dataflow – Analysis Productions Chris Burr

Collaborative approach to data processing
→ Centralized productions facilitates analysis preservation
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https://indico.jlab.org/event/459/contributions/11589/attachments/9609/13976/2023-05-09_Analysis_Productions_CHEP_2023.pdf


LHCb From Run 2 to Run 3

LHCb Run 3 Dataflow – Analysis Productions Nicole Skidmore
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https://indico.cern.ch/event/1484669/contributions/6464585/


Offline Analysis Tools and Software Use

LHCb Offline Analysis Structure

Heavy work on-going for analysis facilities to support this structure
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Offline Analysis Tools and Software Use

Benchmarking ROOT Tools – RDataframe Jamie Gooding

Upgrade I gave a huge increase in data sizes → Need efficiency!
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https://indico.cern.ch/event/1339793/contributions/5640059/attachments/2741213/4768241/asfs_rdataframe_ppp-oct-23.pdf


Offline Analysis Tools and Software Use

Benchmarking ROOT Tools – RNtuple Lopez-Gomez, Blomer

Upgrade I gave a huge increase in data sizes → Need efficiency!
→ Moving to RNtuple for output of offline processing stage

→ LHCb added a ROOT liaision (Silia Taider) to provide feedback loop
between experiment and software project
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https://www.researchgate.net/publication/368549949_RNTuple_performance_Status_and_Outlook


Offline Analysis Tools and Software Use

LHCb – A Pythonic Experiment PyHEP2022

→ Flat data formats for analysts allow for easy access to the full slate of
Pythonic tools in the community

Many collaborators have involvement in development of the
SciKit-HEP tools

Numerous LHCb-specific developments are targeted (DecayLanguage,
Amplitude Analysis tools, etc.)

LHCb has many active analysts who are master or bachelors students

Python is easier to learn and more applicable to their future
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https://indico.cern.ch/event/1126109/contributions/4780169/attachments/2431774/4164378/AGC_LHCb_NGv4.pdf


Offline Analysis Tools and Software Use

Analysis Preservation with Snakemake and CI

Analysis preservation remains as one of the core principles to analysis
development within the collaboration

→ Workflow managers (Snakemake, etc.) and gitLab CI lead the charge
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Statistical Tools and Needs

Fitting Needs of LHCb Jamie Gooding

Huge variety of fitting needs within the physics program

→ Often leads to in-house developments
GPU support incredibly import for complex fitting
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https://indico.cern.ch/event/1388327/contributions/5900839/attachments/2836372/4956679/roofit-workshop-lhcb.pdf


Documentation and Accessibility

Taking Responsibility for Documentation

Offline Computing project added a work package specifically targeting
documentation and training

Documentation facilitates the
expansion of the physics program
efficiently

Critical that it is accessible to the
whole scientific community of the
experiment
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Documentation and Accessibility

Future Challenges Are the Same Nicole Skidmore

ATLAS + CMS are solving the hard puzzles now
We need to learn from you for our Upgrade II!
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https://indico.cern.ch/event/1491351/contributions/6377183/


Increasing Involvement from LHCb Institutes

U.S. Activity Across ExHEP

→ Small relative contribution of U.S. Institutes
How to increase involvement?
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Increasing Involvement from LHCb Institutes

US-LHCb Activities Related to IRIS-HEP Doctrine

Break-down of U.S. institutes and their ”tech” activities
1 Cincinnati – Data Processing; Innovative fitting using GPUs; Sim Optimization

2 MIT – Trigger (Alignment + Reco.); Heavy AI innovation activities

3 Syracuse – Primarily Hardware

4 Maryland – Primarily Hardware

5 Los Alamos – Tracking; Primarily hardware

6 Michigan – Analysis Preservation and Open Data

→ Significant growth in last two years of LHCb → EIC targeted groups:
Indiana (Trigger), Ohio State (Hardware), Kent State (Tracking)

→ Overlapping topics already; need to make connections
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Backup

BACKUP
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Backup

Line By Line Comparisons
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