Triggering on electrons, photons, tau leptons, jets and energy sums at HL-LHC
with the upgraded CMS Level-1 trigger
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Abstract: 2026 onward the LHC is set to operate in the high luminosity mode. With instantaneous luminosities reaching as high as 7.5x1034 cm2 s the CMS detector is faced with the challenge of witnessing
140-200 proton-proton interactions per collision. The upgrade of the Level-1 (L1) trigger system of the CMS detector will tackle the harsh experimental conditions using tracking information and subdetector
upgrades leading to higher granularity and precision timing information. The resulting performance improvements over the Phase-1 upgrade of the detector will adequately support the physics goals of the LHC.

Electrons and Photons (Barrel)

% 25 times higher granularity in barrel electromagnetic energy component compared to Phase-1
% Energy clusters are defined in 3x5
% Introduction of identification requirements based on shower shape variables obtained from 2x5

crystals around the seed
100% electron reconstruction efficiency using id
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(Endcap)
% Addition of the High Granularity Calorimeter (HGCal) in endcap region greatly increases trigger

object reconstruction performance
*HGCal provides 3D information of shower development
% Boosted Decision Tree is used to identify signal clusters against pileup
% 100% efficiency of HGCal clusters passing calo-id within L1-4rack finder region
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100% efficiency for signal clusters

with 70% pileup rejection at high Electron reconstruction efficiency within endcap comparable

to barrel due to HGCal, considerably lower rate

matching to L1-+tracks values
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Simplified Phase-2 menu thresholds: Single track isolated electron (photon) at 28 (36) GeV; Single PUPPI jets at 180 GeV; PUPPI Hr at 450 GeV; PUPPI Etmiss at 200 GeV; Single calo taus at 150 GeV;

+ other standard seeds from Phase-1 comprise of 346 kHz of total rate.
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