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L1 Trigger - rate reduction through event rejection

Phase-2 (High-Lumi LHC):

e Currently: 60 Pile-Up (PU) —» Phase-2: up to 200 PU
e Tracking information
-> New seeds / algorithms necessary

Requirements:

e Fast (12.5 us)
e Run on FPGAs
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https://cds.cern.ch/record/2285584?ln=de

Jet Tagging at L1

e Reconstruct up to 16 jets per event at L1

e Jet tagging to identify flavour

e Helps identify important physics processes, e.g:

o Di-Higgs
o Vector boson fusion (VBF)
e Implementation in
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Jet Tagging at L1 so far

e No tagging in current data taking (at L1)
e b /7 tagging developments for Phase-2
o Individual binary classifiers (CMSSW btag / NN Puppi Tau)

=> Jets from Seeded Cone (SC) algorithm
=>» SC performance similar to anti-kt oMS
=> Tagging possible with constituents! 9 e
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/Level1TriggerPhase2BTaggingNN
https://twiki.cern.ch/twiki/bin/view/CMSPublic/L1Phase2NNPuppiTau
https://arxiv.org/abs/2310.08062

New Jet Tagging Strategy for Phase-2

e Multiclass model for
o Flavour tagging (b, c, light, gluon, 7 +/-, e, M)
o p, regression displacement
e 16 leading p, constituents (of SC Jets)
e Inputs: kinematic, particle IDs (PIDs), “record filled”
o record filled to flag padded constituents
e Trained on a mixture of physics samples
o Displaced tracking helps classification
e Small, quantized model necessary 16 x PUPPI Candidates

r sorted
e Investigation of different architectures ’

e Compromise
o performance vs. latency/resources

=> Deep Sets
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Results

CMS Phase 2 Simulation Preliminary

PU 200 (14 TeV)
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/L1TNGJetDPSNote2025#Triggering_on_HHbbbb

Jet classification on tt process
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=> Important one vs. one classifiers: eg. light vs. gluon for VBF, b vs. light for Higgs decay, ...
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Process ldentification using Jet Tagging:
Di-Higgs
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Process ldentification using Jet Tagging:
Di-Higgs
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FPGA implementation

Latency and Initiation intervals compatible with L1
- 148ns (NN) + 86ns (Input preparation) latency taking input
at 360 MHz
NN architecture fits AMD Xilinx VU13P-2 FPGA
Firmware results match bit-to-bit with CMS simulation

software
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CMS Phase 2 Simulation Preliminary PU 200 (14 TeV)
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Masking to remove padding

PU classification to reject PU objects
Jet-level features to help classification
Improve jet energy regression
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Process ldentification using Jet Tagging: ) f
VBF—H—1r By 'i<

Tropo = (Do + 05 ) - (Prs + P2t q

CMS Phase 2 Simulation Preliminary PU 200 (14 TeV) 0.30 PU 200 (14 TeV
N L T T T 1r T T T 1t T T 1T T T T ’ 4
E i —— Dijet trigger without T4 idenficitation ]
-6- 10 —— NN PUPPI t* trigger 0.15
= 3 - Multiclass T topology trigger
% NN PUPPI
=) e 6 200 —
= 108 o o}
= VE =] o
< F o P4 =175 1F -
— w (V]
< e o
[ (] i N =]
T sl4 - 150 1k 3
) [ c
L 10 F o 8
E 2 w | 125 1F -
S ]
-1 100 4 -
101
; 75 41F -
100 = 1F E
25 1E :
| I EETTN RURU BT 1 S | b 1E.. . 1., .1
20 40 60 801 » 100 0 25 50 75 100 125 150 175 0 0.15 0.30
Min(pt,p%) [GeV] Gen. 1, pt [GeV]

=> Yet to match NN Puppi baseline, but better at low 7 p,
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Process ldentification using Jet Tagging:
Di-Higgs
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