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221.10.24

LHCb detector is located in France and specialises in studies 
of beauty and charm hadrons. 

It has undergone a major upgrade ahead of LHC Run III (2022-2026)!



Brand new detector

321.10.24

Instantaneous proton-proton luminosity: 𝐿!"#$	&'"	((( = 5	×	𝐿!"#$	&'"	((



Brand new software

421.10.24

Run 3Run 2 (Simplified)

* Frontend 
software 
projects

Trigger (Moore)

Offline Reconstruction 
(Brunel)

Offline 
(DaVinci)

Turbo

0.6 GB/s

Fully software 
trigger 

(Allen and Moore)

Offline 
(Moore, DaVinci)

10 GB/s

After Hadrware 
trigger

0.1 TB/s 5 TB/s

Major overhaul of trigger (online) and offline software!

1 MHz 40 MHz



Facets of (Offline) Data Processing

521.10.24

WP1: Sprucing

See trigger talk 
by Alessandro 

Scarabotto.

WP2: Analysis Production

WP3: Offline analysis tools

WP4: Legacy software and data

WP5: Analysis preservation and open data
→	See talk by Piet Nogga and talk 

by Mindaugas Sarpis

→	See talk by Nathan Grieser

→	See talk by Nicole Skidmore

→	See talk by Nicole Skidmore

→	 This talk

[LHCb-FIGURE-2020-016]

https://indico.cern.ch/event/1338689/contributions/6015396/
https://indico.cern.ch/event/1338689/contributions/6011124/
https://indico.cern.ch/event/1338689/contributions/6011125/
https://indico.cern.ch/event/1338689/contributions/6010659/
https://indico.cern.ch/event/1338689/contributions/6010069/
https://indico.cern.ch/event/1338689/contributions/6010069/
https://cds.cern.ch/record/2730181


Facets of (Offline) Data Processing

621.10.24

WP3: Offline analysis tools
→	Software used DaVinci.

DaVinci goal: Read and process data/simulation post trigger to 
generate flat ROOT files for analysis, accessible via central production!

Git repository link

https://gitlab.cern.ch/lhcb/DaVinci


Umbrella of DaVinci

721.10.24

FunTuple

Bring together various 
tools to write ROOT 

ntuples. TisTos

Triggered on signal 
or indpendent of 

signal?
MCTruth

What is the truth 
information?

Decay Tree Fit

Fit the entire decay chain 
to improve resolution

Framework

Defining the 
input/output and 
configuring a job

Support

Documentation, 
Examples, Tutorials and 

day-to-day support.

Unit tests

Controlled tests with 
data/simulation to validate 

the processing chain. 

Algorithms

… etc

Components

Flavour Tagging

What is the flavour of 
neutral B?



FunTuple

821.10.24

Agnostic to 
the event 

model

Equivalence 
between 

online and 
offline

Simple 
interface with 

other 
algorithms

Complete 
user 

flexibility

Comput Softw Big Sci 8, 6 (2024)

https://link.springer.com/article/10.1007/s41781-024-00116-1
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Agnostic to 
the event 

model

Equivalence 
between 

online and 
offline

Simple 
interface with 

other 
algorithms

Complete 
user 

flexibility

Online software slowly moving towards Simd data stuctures for fast processing.

FunTuple is a templated C++ algorithm with a Python frontend, agnostic to any simulation or event model.

[Talk by Sevda]
Old

New

https://cds.cern.ch/record/2824162?ln=en


1021.10.24

Agnostic to 
the event 

model

Equivalence 
between 

online and 
offline

Simple interface 
with other 
algorithms

Complete 
user 

flexibility

FunTuple employs the same Throughput Oriented (ThOr) functors as the trigger

[V Gligrov and V Rekovic]

Online 
≡

Offline

Online 
≠

Offline

Careful efficiency 
modelling required

https://inspirehep.net/literature/2709138
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Agnostic to 
the event 

model

Equivalence 
between 

online and 
offline

Simple interface 
with other 
algorithms

Complete 
user 

flexibility

Ø Many more can be created using composition (via @ operator).
PVX = F.X_COORDINATE @ F.POSITION @ F.MC_PRIMARYVERTEX

PT = fmath.sqrt(fmath.pow(PX, 2) + fmath.pow(PY,2))
out= fmath.where(cond, func_A, func_B)

Ø Over 400 ThOr functors have been developed for both online and offline. 

Ø Functors are JIT compiled optimising them at runtime. 

Ø Supports basic (*, /, +, -) and advanced (fmath) operations.

https://lhcbdoc.web.cern.ch/lhcbdoc/moore/master/selection/thor_functors_reference.html
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Agnostic to 
the event 

model

Equivalence 
between 

online and 
offline

Simple 
interface with 

other 
algorithms

Complete 
user 

flexibility

Run 2 Limitations:

Ø Data bundled with limited flexibility in 
writing to nTuples at run-time.

Ø Analysis nTuples reached 3 TB in size

Run 3 and Beyond:

Ø Need a scalable solution for increasing 
luminosity and data volume.
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Agnostic to 
the event 

model

Equivalence 
between 

online and 
offline

Simple 
interface with 

other 
algorithms

Complete 
user 

flexibility

Run 2 Limitations:

Ø Data bundled with limited flexibility in 
writing to nTuples at run-time.

Ø Analysis nTuples reached 3 TB in size

Run 3 and Beyond:

Ø Need a scalable solution for increasing 
luminosity and data volume.

Answer: Customisable FunctorCollections

Example storing trigger information
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Agnostic to 
the event 

model

Equivalence 
between 

online and 
offline

Simple 
interface with 

other 
algorithms

Complete 
user 

flexibility

FunTuple has simple interface with all algorithms, for example let’s consider truth matching. 

Truth matching of reconstructed objects is crucial: resolution, acceptance, etc. 
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Agnostic to 
the event 

model

Equivalence 
between 

online and 
offline

Simple 
interface with 

other 
algorithms

Complete 
user 

flexibility

𝐾!

𝐾"

𝐵"

Reconstructed 
particles

ThOr functor for transverse momentum (reco)

{“RECO_PT” : F.PT} 
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Agnostic to 
the event 

model

Equivalence 
between 

online and 
offline

Simple 
interface with 

other 
algorithms

Complete 
user 

flexibility

Build one-to-many relations

𝐾!

𝐾"

𝐵"

𝐾! 𝐾!

𝐵"

Reconstructed 
particles

Truth particles

No truth information

ThOr functor for transverse momentum (reco)

{“RECO_PT” : F.PT} 

ThOr functor for transverse momentum (truth)

MCTRUTH = MCTruthAlg(reco_parts, mc_parts) 
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Agnostic to 
the event 

model

Equivalence 
between 

online and 
offline

Simple 
interface with 

other 
algorithms

Complete 
user 

flexibility

Build one-to-many relations

𝐾!

𝐾"

𝐵"

𝐾! 𝐾!

𝐵"

Reconstructed 
particles

Truth particles

No truth information

ThOr functor for transverse momentum (reco)

{“RECO_PT” : F.PT} 

ThOr functor for transverse momentum (truth)

{“TRUE_PT”: MCTRUTH(F.PT)} 

MCTRUTH = MCTruthAlg(reco_parts, mc_parts) 
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Agnostic to 
the event 

model

Equivalence 
between 

online and 
offline

Simple 
interface with 

other 
algorithms

Complete 
user 

flexibility

Can store any custom data stucture from 
functors (Arrays, Matrices, Maps, etc). 

Cases where relations non-existent, an internal 
fail-safe inplace for all supported types.
 

Build one-to-many relations

𝐾!

𝐾"

𝐵"

𝐾! 𝐾!

𝐵"

Reconstructed 
particles

Truth particles

No truth information



FunTuple: Data flow

1921.10.24

Comput Softw Big Sci 8, 6 (2024)

New improved decay finder also developed [CERN-STUDENTS-NOTE-2022-211] 

https://link.springer.com/article/10.1007/s41781-024-00116-1
https://cds.cern.ch/record/2837189


DaVinci configuration

Ø Configuration modernised: Based on PyConf (algorithm scheduler) modules, 
based on click and compatible with python 3. 

3/3/2022 20

./run lbexec function options

function
 Function to call with the options that will return the 
configuration. Given in the form 'my_module:function_name’.

options
 YAML data to populate the Application.Options object 
with. Multiple files can merged using 'file1.yaml+file2.yaml'.

https://inspirehep.net/literature/1806221
https://click.palletsprojects.com/en/8.0.x/


Unit and “Physics” tests

2121.10.24

100 “physics” tests40 unit tests

Gaudi QMT

Tests check configurations, output, nTuple values, FunctorCollections behaviour, and FunTuple with different event models.

Test coverage for both FunTuple and related tools stands at an impressive 100%!

pytest

https://twiki.cern.ch/twiki/bin/view/Gaudi/GaudiTestingInfrastructure
https://docs.pytest.org/en/stable/


Performance

2221.10.24 [Taken from Analysis Productions]

ØRecording 740 observables for 1000 events takes 3 minutes.
ØJIT compilation of 200 functors takes 84 seconds, with high memory usage.
ØFunctor caching reduces offline processing overhead, but optimizing its use in 

distributed computing requires further work.

https://lhcb-productions.web.cern.ch/ana-prod/pipelines/?id=6860&ci_run=Lb2D0Dsp&job=LbToD0DsmP_UT_2024Data_MagUp_24c3


Documentation and Support

2321.10.24

[DaVinci Documentation via Sphinx]

Day-to-day support via  Mattermost channel

+ whole of LHCb community as we progress with Run III

Contains DaVinci Examples and Tutorials

https://lhcb-davinci.docs.cern.ch/
https://www.sphinx-doc.org/en/master/


Future work: Funtuple with RNTuple

2421.10.24

Active effort to integrate FunTuple with RNTuple (thread-safe and can save 
20-35% of storage space with factor 3 increase in throughput). 

[Link] See separate talk 
by Silia Taider.

https://root.cern/blog/rntuple-update/
https://indico.cern.ch/event/1338689/contributions/6010401/


Summary and conclusions

2521.10.24

Presented a summary of offline data processing for LHCb Run 3, focusing 
on FunTuple: past, present, and future. 

Exciting results from Run 3 analysis coming soon!

[LHCb-FIGURE-2024-020]

𝑍	 → 𝜇!𝜇" 𝐵# → 𝐷"𝜋!

[LHCb-FIGURE-2024-021]

Luminosity

https://cds.cern.ch/record/2909648?ln=en
https://cds.cern.ch/record/2909650?ln=en

