
0 50 100 150 200 250 300
 L1 Track MET [GeV]

1

10

210

310

410

 L
1 

R
at

e 
[k

H
z] z| cutΔSimulated Track MET, |

z| cutΔL1 Track-based MET: |

L1 Track-based MET: Full selection

 Phase-2 SimulationCMS 14 TeV   200 PU

 (GeV)
T

Gen Jet Missing H
0 100 200 300 400 500 600 700 800

Ef
fic

ie
nc

y

0

0.2

0.4

0.6

0.8

1
=775GeVLSP=1000GeV m

t~
SUSY Stop m

 35 kHz
T

Track-based Missing H

 > 2 GeV
T

Track p

All Track Selection Cuts

 Phase-2 SimulationCMS  14 TeV 200 PU

0 20 40 60 80 100 120 140 160 180 200
 (GeV)

T
Gen. p

0

0.2

0.4

0.6

0.8

1

C
om

bi
ne

d 
ef

fic
ie

nc
y

NNPuppiTau (36 GeV)

tkEGTau (33 GeV)

CaloTau (90 GeV)

| < 2.1η|

 Phase-2 SimulationCMS 14 TeV, 200 PU

0 50 100 150 200 250 300 350 400 450 500
Gen. MET (GeV)

0

0.2

0.4

0.6

0.8

1

Tr
ig

ge
r e

ffi
ci

en
cy

PuppiMET (112 GeV)

TrackerMET (82 GeV)

 Phase-2 SimulationCMS 14 TeV, 200 PU

0 20 40 60 80 100 120 140 160
 (GeV)RECO

T
p

10

210

310

410

L1
 R

at
e 

(k
H

z)

 Phase-2 SimulationCMS 14 TeV, 200 PU

| < 2.8η CaloJet, 0 < |

 CaloJet, Barrel

 CaloJet, HGCAL

 CaloJet, HF

 (GeV)
T
pGen Jet 

50 100 150 200 250 300 350 4000

0.2

0.4

0.6

0.8

1

E
ffi

ci
en

cy

CMS Phase-2 Simulation 14 TeV   200 PU

|η| < 3.0       
 35 GeV
 90 GeV
 120 GeV
 180 GeV

QCD + tt
9x9 Hist PF Jet >
9x9 Hist PF Jet >
9x9 Hist PF Jet >
9x9 Hist PF Jet >

 PF Jet > AK4
 PF Jet > 

35 GeV
90 GeV

 GeV120 PF Jet > 
AK4
AK4
AK4 PF Jet > 180 GeV

0 10 20 30 40 50 60
 [GeV]L1

T
threshold p

1

10

210

310

410 ra
te

 [k
H

z]

calorimeter only
track-matched

 2.4≤| L1ηEG endcap, 1.52 < |

Phase-2 Simulation CMS , 200 PU-1s-2cm3410×14TeV, 7.5

0 20 40 60 80 100
 [GeV]GEN

T
 p

0

0.2

0.4

0.6

0.8

1

ef
fic

ie
nc

y

calorimeter only

track-matched

 25GeV≥ L1
T

 2.4, p≤| GENηEG endcap, 1.52 < |

Phase-2 Simulation CMS 14TeV, 200 PU

0.5 0.6 0.7 0.8 0.9 1.0 1.1
Signal efficiency

0.5

0.6

0.7

0.8

0.9

1.0

1.1

Ba
ck

gr
ou

nd
re

je
ct

io
n CMS Phase-2 Simulation 14 TeV, 200 PU

EG endcap, 1.5 < |h| ∑ 3.0

CMS Phase-2 Simulation 14 TeV, 200 PU

EG endcap, 1.5 < |h| ∑ 3.0

High h: 2.7 < |h| ∑ 3.0
Low h: 1.5 < |h| ∑ 2.7

0 10 20 30 40 50 60
 [GeV]L1

T
threshold p

1

10

210

310

410 ra
te

 [k
H

z]

calorimeter only
track-matched

| < 1.479L1ηEG barrel, |

Phase-2 Simulation CMS , 200 PU-1s-2cm3410×14TeV, 7.5

0 20 40 60 80 100
 [GeV]GEN

T
 p

0

0.2

0.4

0.6

0.8

1

ef
fic

ie
nc

y

calorimeter only

track-matched

 25GeV≥ L1
T

 1.479, p≤| GENηEG barrel, |

Phase-2 Simulation CMS 14TeV, 200 PU

Triggering on electrons, photons, tau leptons, jets and energy sums at HL-LHC  
with the upgraded CMS Level-1 trigger

Pallabi Das (Princeton University) on behalf of the CMS Collaboration
EPS HEP 2021, Hamburg, Germany

Abstract: 2026 onward the LHC is set to operate in the high luminosity mode. With instantaneous luminosities reaching as high as 7.5x1034 cm-2 s-1 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 
★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

★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-track finder region

Isolation of each 
cluster calculated 
from 27x27 region 
around the seed

Bremsstrahlung 
radiation 
correction 
applied for 
electrons

100% electron reconstruction efficiency using id 
requirements, 95% using L1-track finder

100% efficiency for signal clusters 
with 70% pileup rejection at high η 
values

Electron reconstruction efficiency within endcap comparable 
to barrel due to HGCal, considerably lower rate 

Rates greatly reduced by 
matching to L1-tracks

Jets, Hadronic Taus and Energy Sums 
★Calorimeter based 
★Track based 
★Particle Flow (PF) algorithm based

Calo-jet reconstruction similar to current L1 
system, low rates are sustained even at 
high pileup thanks to the electromagnetic 
energy clustering and pileup subtraction

Track-only jets used for global HT and HTmiss 
triggers 
→track purity requirements to mitigate pileup

Threshold 
lowered 
from 675 to 
290 GeV

PF objects built using pseudo 
trigger towers created from 
PUPPI candidates binned in η-ɸ

Jets clustered using a 9x9 trigger 
tower window gives similar 
performance to AK4 jets in offline

Taus use a Neural Network (NN) 
based algorithm and a PF based 
algorithm on the PUPPI inputs

Can compute up to 18 
NN taus every 25 ns

Threshold 
lowered 
from 200 to 
70 GeV

Reduce events with poor momentum balance 
due to pileup i.e. anomalous ETmiss  
→track-only reconstruction requiring purity 
and z between the primary vertex and the 
track

PUPPI reconstruction 
achieves the best 
performance for ETmiss

(Barrel) (Endcap)

(PUPPI : PileUp Per Particle Identification)

Ref: CMS-TDR-021 
       CERN-2020-010

Simplified Phase-2 menu thresholds: Single track isolated electron (photon) at 28 (36) GeV; Single PUPPI jets at 180 GeV; PUPPI HT 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. 

http://cds.cern.ch/record/2714892
https://cds.cern.ch/record/2749422

