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Towards Soft Tau Tagging
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Goal: 5 7,
* Reconstruct low-pr taus (5 — 60 GeV)
* Enable searches for low-mass di-tau resonances (< 60 GeV)
» These signals are currently out of reach at the LHC
-
Why are low-p, taus invisible today? N
* The Level-1 Trigger is the first and most restrictive stage of
data acquisition, with strict rate and latency constraints
* To limitthe trigger rate, L1 tau triggers require high pr
thresholds, which suppress soft taus already at the first
selection step g
 CurrentL1tau-ID algorithms (e.g. NNPuppiTau) are é

designed and optimized for high-pt taus, with efficiency
plateauing only above ~ 50 GeV




Phase-2 L1DS Baseline
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L1 Data Scouting (L1DS)
Collects and analyzes L1 trigger objects at
the full 40 MHz bunch-crossing (BX) rate

High Level Trigger Offline Analysis
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L1 Trigger L1 Scouting Online/Offline Analysis

Unlocks:
* Accessto physics otherwise limited by

L1T latency and accept rate sovree Tome Time
* Discovery of exotic signatures beyond (paseline | (upetream 257
standard triggers GT 12 12
GTT 24 24 + 48
Baseline Capabilities: pp— ‘6’ More optical links now
« Standalone muon and calorimetric objects ot e - provide access t.o the
* Trackerobjects fromthe GIT — full PF collection
 PUPPI candidates from CL2
* Global Trigger (GT) final decisions CLi |21 |8,
Total 306 246




Efficiencies of 7, and their constituents

CMS Phase-2 Simulation Preliminary PU 200 (14 TeV)
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Efficiencies of 7, and their constituents

CMS Phase-2 Simulation Preliminary PU 200 (14 TeV)
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CMS Phase-2 Simulation Preliminary PU 200 (14 TeV)
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CLUE algorithm on PFs for parallel 7 clustering

» CLUE as areplacement for the anti — k;algorithm,
which lacks optimization for parallel execution

CLUE is specifically designed for parallelism and being GPU-friendly,

which can be used to take advantage of the heterogeneous computing of
the Phase-2 L1T Scouting online processing step

P ° v' CLUE hyper-parameters tuned on t
o s physics achieve efficiency and
Ty . fake-rate comparable to anti — ky
o o ©
8> = ScoutPFTaus @
@

TaulD starting from costituents

CLUE is a density-based
clustering algorithm
specifically intended for
CMS HGCAL




Adam Optimizer batch_size . 20 Hyperparameters
Early Stopping | learningrate : 1074
RLonPlateau i num_heads . 8 i # Parameters : ~ 400k

. 1 -1 i % GPUusage : 60%
Model Architecture Cr“erEM’ztg"lgg’S"’ss eZ,flbfgf,f : [128,512,128] ~ 20s per epoch
& Training () PyTorch |

Features up to Embedding Transformer Projection Output
16 ScoutPFTau Encoder
costituents block
Pr
/)

An _ r’_ﬂ e ]\ ) ) . tau score
AP k= I © Jet class head (genuine
vz S Feed O - > J Fak

o) Forward o O vs. fake)
charge = \ S ( h
. — r i
is_.charged_hadron E — | 5 w Charge jet
is neutral_hadron ° T 5 S class head corrected
. < Attention = 0 > resression ) an C'arge
Ls_muon a i1 7 < Pr reg (genuine T)
is_photon — ) L head )




TASK
Detect pileup particles &

recover pr, charge

CMS Phase-2 Simulation Preliminary PU 200 (14 TeV)
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TASK .
Detect pileup particles & pPr regression

recover pr, charge

CMS Phase-2 Simulation PU 200 (14 TeV)
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TASK .
Detect pileup particles & pPr regression

rEeEr pT’ Charg < CMS Phase-2 Simulation PU 200 (14 TeV) CMS Phase-2 Simulation PU 200 (14 TeV)
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Efficiency

Overall efficiency

CMS Phase-2 Simulation Preliminary PU 200 (14 TeV)
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CMS Phase-2 Simulation Preliminary PU 200 (14 TeV
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CMS Phase-2 Simulation Preliminary PU 200 (14 TeV
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Conclusions

v Developed framework that improves low-p; tau efficiency at sustainable fake rate
within L1T Scouting

v/ Alternative clustering algorithm tested & tuned: performance similar to anti-k,
with parallelization advantage

~v 0Ongoing: integrate CLUE in CMSSW & Scouting framework

unpacking =  CLUEstering =  TaulD inference
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Why is PUPPI
underperforming?

CMS Phase-2 Simulation Preliminary PU 200 (14 TeV)
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How CLUE works?
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Step A: Local Density
calculation

Xt Generation Triggers

Step B: Nearest-Higher
and Separation
calculation

Step C: Seed promotion Step D: Cluster Propagation

and outlier demotion
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