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Opportunities in flavour physics, and
beyond, in the HL=LHC era
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LHCb Upgrade Trigger Diagram

30 MHz inelastic event rate
(full rate event building)

40 MHz bunch crossing rate

LO Hardware Trigger : 1 MHz
readout, high Er/Pr signatures

. Software High Level Trigger

Full event reconstruction, inclusive and
exclusive kinematic/geometric selections

Software High Level Trigger

Introduce tracking/PID information,

find displaced tracks /vertices Run-by-run detector
Offline reconstruction tuned to trigger

time constraints \ calibration

Mixture of exclusive and inclusive
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Fig. 1. The LHCb trigger schemes for Run I (left) and Upgrade (right).




Upgrade 1 (Current)
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e Better performance in 2023
+ Run 3 2023 MagDown p €[10, 150] GeV

* |In part due to data taking
conditions. Open Vertex Locator,
slightly lower luminosity.
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e But also improved detector
calibration and alignment.
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So What Next ? Upgrade |l ...

Novel feature of the LHCb detector: fast timing

A new dimension will be added to the LHCb experiment.

Timing information with a few tens of ps resolution per particle will allow
charged tracks and photons to be associated to the correct interaction vertex.

VELO, RICH, ECAL and TORCH will be fast timing detectors.

» Adds a new dimension to the information exchange between sub-detectors.

» Could all contribute to the same estimate of the track time as it passes the detector.

» Opens up new avenues for data suppression in front-end hardware and in software trigger.
» Sets challenging R&D requirements particularly for sensor technologies and front-end ASICs.
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Fast timing in the RICH detectors

Owing to the prompt Cherenkov radiation and focusing mirror geometry,
all photons from a given track arrive at approximately the same time at the
photon detector plane.
» Using reconstructed parameters in the RICH algorithms and 5

the PV t-zero, can predict the detector hit times to within 10 ps. — —
> Time gate around the predicted time significantly reduces combinatorial At (Hit-Predicted) time [ps]

background and helps to recover the Run 3 particle ID performance. \Photodetector i
> Faster detectors are better, as in practice the photon detector resolution mirtor

will dominate the width of the time gate. M2 Spherical
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