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Lecture style lesson now: 

• What is a trigger?

• Data Flow – Run 3

• L0 Removal

• HLT1

• Buffer and Monitoring & Alignment and Calibration

• HLT1 Trigger Results in Run 3 (2025)

• James’ Talk:
• HLT2 

• Sprucing 

• TIS/TOS formalism for Trigger Efficiencies

After lunch: 
• Hands-on Session: Write a quick HLT2 line + How to Calculate Trigger Efficiencies.
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What is a trigger?

• Takes a collision event and decides whether it is interesting enough to 
keep. 

• We need it as otherwise we would have to deal with a lot of data.
• 1014 events / year 

• LHC bunch crossings happen at a rate of 40 MHz (every 25 ns, 30 MHz give visible 
interactions)

• LHCb takes data for 107 s a year.
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Source

https://indico.cern.ch/event/1551954/contributions/6557095/attachments/3089797/5471824/LHCbWeek_HowTriggerWorks_190625.pdf


Run 3 Online Data Flow
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Online = Real-Time



Run 3 Online Data Flow
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Run 3 Online Data Flow - Confusing Concepts
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Throughput = number of events processed by trigger per unit time (e.g. kHz) 

HLT1 is throughput dominated.



Run 3 Online Data Flow - Confusing Concepts
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Rate = number of events the trigger outputs per unit time (e.g. kHz)

Bandwidth = Data output by trigger per unit time (e.g. GB/s)
                     = Rate x av. output size of an event



Run 2 vs. Run 3
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https://lbfence.cern.ch/alcm/public/figure/details/32 

https://lbfence.cern.ch/alcm/public/figure/details/32


Run 2 vs. Run 3
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https://lbfence.cern.ch/alcm/public/figure/details/32 

https://lbfence.cern.ch/alcm/public/figure/details/32


L0 Removal

• L0 → hardware trigger used in Runs 1&2

• Reduced rate from 30 MHz to 1 MHz

• Selected high 𝑝𝑇  and 𝐸𝑇  signatures

• Low hadronic efficiencies.

• Very low efficiency for electrons.

• Low efficiency with any pileup >>1.

(average 𝑝𝑝 collisions per bunch crossing)

• Upgrade → lumi increase to 

 2 × 1033𝑐𝑚−2𝑠−2, a factor 5
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Source 

(Light Hadrons)

(Photons)

(Muons)

(Light Hadrons)

Run1&2

Design

https://iopscience.iop.org/article/10.1088/1742-6596/878/1/012012


What does the trigger do exactly in Run 3?

• Need to process triggerless readout 
at 40 MHz→huge effort for DAQ.

• After the trigger, we can only 
migrate ~10 GB/s offline due to 
operational and budget constraints.

• Total factor of reduction of ~400 
(from 4TB/s input bandwidth). 

• ~30 at HLT1 

• Rest at the level of HLT2
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Alessandro Scarabotto@CHEP 2024, paper, showing the Run 3 DAQ architecture.

https://indico.cern.ch/event/1338689/contributions/6015396/attachments/2951324/5187948/CHEP24_LHCb_Run3_trigger_performance.pdf
https://arxiv.org/pdf/2105.04031
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Source
James will define the TIS/TOS formalism properly

TOS efficiencies for 𝐵0 → 𝐷−[𝐾−𝜋+𝜋−]𝜋+. TOS efficiencies for B+ → 𝐽/𝜓 𝜇+𝜇− 𝐾+. TOS efficiencies for B+ → 𝐽/𝜓 𝑒+𝑒− 𝐾+.

https://cds.cern.ch/record/2912743?ln=en


HLT1
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What does HLT1 do? 

last starterkit

Partial (and fast) reconstruction:

• Track reconstruction: trajectories of charged particles inside 
LHCb tracking detectors.

• PV Reconstruction: extrapolating reconstructed tracks back 
to the collision point + SV

• Muon and electron ID + bremsstrahlung corrections

Inclusive trigger algorithms (algorithms passing a decision 
based on some criteria)

• Up to two body topological combinations.

• The most used trigger lines at HLT1 are TrackMVA, 
TwoTrackMVA, 

• More specific lines, e.g. D2KK or dilepton combinations, 
downstream tracks (last starterkit) etc.

• Depends on the line, but can apply cuts on track 𝑝𝑇, 𝜒𝐼𝑃
2 , 

MVA/NN scores, other track/PV/SV quality variables.
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https://indico.cern.ch/event/1460840/contributions/6184797/


What does HLT1 not do? 

Things we skip/simplify to be able to maintain the high throughput:

• ‘Expensive’ tracking: Complex descriptions of material budget and magnet 
field interactions → simplified description of the magnetic field compared to 
what you would need for a full reconstruction (i.e. parameterised)

• Hadron ID: no RICH reconstruction 

• Arbitrarily complex trigger algorithms: e.g. N-body topologies (N>2)

We would run out of time if we tried to do these!
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Allen

gitlab docs

• HLT1 runs on GPU’s → leverages 
parallelization for reconstruction.

• Codebase for HLT1 (gitlab, docs), uses 
CUDA++.

• Integrated with the LHCb stack (see 
Andy’s talk from earlier).

• Currently O(100) trigger lines 
implemented, span from inclusive 
hadronic to electroweak scale, 
alignment and other technical lines. 

• Small central team of developers 
working on this.
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Source

https://gitlab.cern.ch/lhcb/Allen/
https://allen-doc.docs.cern.ch/index.html
https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=10634157


Allen - Monitoring

MONET

this

• Allen is used to monitor different 
physics quantities. 

• Online Monitoring (MONET)

• Offline: Running Allen→ output nTuple 
with track information and trigger lines 
decisions.

• If you are interested in running Allen, this 
intro from Andy is very useful.
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Run 332655

https://lbwebmonet.cern.ch/
https://indico.cern.ch/event/1543107/contributions/
https://lbwebmonet.cern.ch/offline_dq/?run_number=332655&procpass=&reference_state=deactivated&selected_page=Run3Archive/OfflineDQ/Shift_2025_playground/MuonID/IsMuon_eff&data_source=False


HLT1 Bandwidth Division

• Automated procedure for a fair 
division of HLT1 output (paper).

• Aim is to give near-optimal 
efficiencies across-the-board.

• Not real time, used on 
minimally biased data and MC, 
representative samples of LHCb 
physics programme.

• First used in 2024, 30% 
efficiency increase in charm, 
70% in beauty and SL. 
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Max Efficiencies → efficiency if a sample and its associated lines 
have all HLT1 output rate available.

https://link.springer.com/article/10.1007/s41781-025-00139-2


HLT1 Bandwidth Division

• A global physics loss function used 
to measure physics retention.

• Efficiencies are “rate-penalised” to 
keep the total HLT1 output rate 
under a cap.

• Division changes some of the 
thresholds used for trigger decisions 
by some HLT1 lines.

• Threshold change → rate per line 
change

• Any final decision on these is given 
by the Physics Planning Group (PPG)
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Inclusive rate→events that get selected by more than 1 line 
Exclusive rate→events pass just that line. Source.

Single track MVA threshold cut (𝛼) on the 𝑝T ,𝜒IP
2  event distribution drawn from LHCb 𝑝𝑝 

collision data collected during 2024. Source.

https://arxiv.org/html/2502.09557v1


HLT1 Bandwidth Division

• Do you need to add a new 
HLT1 trigger line?

• More info in the docs from 
the Allen side.

• Repo for the Bandwidth 
Division tool includes 
instructions on how to test 
from the bandwidth 
division side via CI or 
locally. 
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https://allen-doc.docs.cern.ch/develop/selections.html#preparing-your-line-for-hlt1-bw-division-tuning
https://gitlab.cern.ch/lhcb-rta/hlt1-bandwidth-division-tool
https://gitlab.cern.ch/lhcb-rta/hlt1-bandwidth-division-tool


Buffer + Alignment and Calibration
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Buffer
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gitlab repo

• Events go to a 30PB buffer after HLT1.
• Stores the HLT1 output to be 

processed by HLT2 and used for 
alignment and calibration.

• Delicate balance based on HLT1 output 
rate, HLT2 throughput rate, LHC 
efficiency.

• LHC is on for ~50% of time.
• 2 × HLT2 throughput > HLT1 

output rate
• We want HLT1 output rate to be 

lower than that in general!
(e.g. LHC schedule can change)

• There is a buffer monitor in place that 
uses toys (gitlab repo).

If you are interested in this, see Lorenzo’s talk in RTA-DPA.

https://gitlab.cern.ch/lhcb-rta/disk-buffer-projections/-/tree/lorenzo_updates?ref_type=heads
https://indico.cern.ch/event/1576564/#5-hlt-buffer-monitor


Alignment and Calibration

• Alignment of the tracking 
detectors, muon chambers and 
RICH mirrors

• Calibration of RICH detectors and 
calorimeters

• Performed at each LHC fill or more 
frequently

• Critical to ensure offline-like 
quality of HLT1 and HLT2 
reconstruction
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https://lbfence.cern.ch/alcm/public/figure/details/4215

https://lbfence.cern.ch/alcm/public/figure/details/4215


2025 Results Ran at 1.35 MHz this year (35% above TDR!)

(great effort from HLT2 side to improve throughput)
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2025 Results
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Source
James will define the TIS/TOS formalism properly

https://lbfence.cern.ch/alcm/figure/details/5590


Summary

• HLT1 meets the throughput demands since removing the L0 hardware trigger via:
• GPU parallelisation
• Partial (and fast) reconstruction

• Automated procedure for fair division of output rate from HLT1, while maximising 
the relative physics retention.

• Even with this high demand, we were able to run at a higher rate and throughput 
than originally designed (35% above TDR). 

• Signal efficiencies higher than Run 2. 

• Data from HLT1 goes to a buffer for HLT2 in fill and out of fill processing + 
Alignment and Calibration

• Alignment and Calibration critical for ensuring the quality of the reconstruction.
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Backup
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Tracking

04/12/2025 Starterkit 2025 | LHCb Triggers 28



TriggerCalib Hands-On
LHCb StarterKit 2025

Andreea Hedes

with help from Jamie Gooding and highly inspired by the TriggerCalib tutorials 



TriggerCalib

docs repo

HltEfficiencyChecker

• Tool used to calculate trigger efficiencies, docs and repo. 

• Uses TIS/TOS formalism (as explained by James earlier).

• Go through calculating HLT1 TOS and trigger efficiencies on a 2024  
𝐵+ → 𝐽/𝜓 𝜇+𝜇− 𝐾+ MC sample. 

• There are other tools available:
• HltEfficiencyChecker but this involves building DaVinci via the stack. 

• Note: we usually do not calculate trigger efficiencies on MC (use-case 
dependent)

• Mainly because MC does not model well the trigger response, 
especially at HLT1. The principle, however, remains the same. 
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https://triggercalib.docs.cern.ch/
https://gitlab.cern.ch/lhcb-rta/triggercalib
https://lhcb-davinci.docs.cern.ch/guide/hltefficiencychecker.html


Things to do
https://gitlab.cern.ch/ahedes/triggercalib-starterkit2025

sWeights

• Clone the repo at https://gitlab.cern.ch/ahedes/triggercalib-starterkit2025 
• Calculate trigger efficiencies in bins of 𝑝𝑇  or other kinematic variables (e.g. 

pseudo-rapidity 𝜂)
• In 𝐵+ → 𝐽/𝜓 𝜇+𝜇− 𝐾+ we can trigger on: 

• 𝐾+ → Use Hlt1TrackMVA 
• On the muons → Hlt1TrackMuonMVA, HLT1DiMuonHighMass, Hlt1TwoTrackMVA

• We will start with just one line for TOS efficiencies.

1. Use the data with some background subtraction. 
2. Use advanced background mitigation (sWeights or fit and count). 
3. Look at the efficiencies in 2D (bins of 𝑝𝑇  , 𝜂).

4. Chain HLT1 and HLT2 lines.
Secondary aim is to be able to look into Allen and Moore for trigger lines and 
selections used.

04/12/2025 Starterkit 2025 | LHCb Triggers 31

https://gitlab.cern.ch/ahedes/triggercalib-starterkit2025
https://inspirehep.net/literature/644725
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