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Displaced t's expected in many extensions of

SM: e.g: In Gauge-Mediated Supersymmetry
Breaking models?, staus can have macroscopic

lifetime:
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Hadronic taus at CMS

1. Reconstruction - hadron plus strip algorithm? (HPS): ICHEP 2024 poster by Paola
a.  Reconstruction is seeded by anti-kt AK4 jet Mastrapasqua:
b.  a%is reconstructed using dynamic n - ¢ window in ECAL (strip) ol W.
; + o L kO
c.  Require one or three J'? e
d.  Mass constraints = B I -
T P T

) =
°irr
i | &
=~ 7 = . .
y ~ For more information
- Detector Performance Summary:
i
, S
0.05

2. Identification (DeepTaul):
a.  Signature of jets originating from quarks/gluons (rjet), electrons (7,) and muons
(ru) can fake genuine hadronic tau decays (rh) -> NN-based discriminator
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https://iopscience.iop.org/article/10.1088/1748-0221/17/07/P07023
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Displaced taus at CMS

CMS,
1 CMS Standard hadron-plus-strip (HPS) reconstruction® is not

| Simulation designed for displaced signatures:

CMS simuiation Preliminary (13 TeV)
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— Dedicated taulD on top of the jets can be built
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https://iopscience.iop.org/article/10.1088/1748-0221/17/07/P07023

Displaced tau tagger

[ Particles’ coordi- J[ Particles’ features ]

e The DisTau tagger is a new ParticleNet-based® algorithm to separate displaced T, jets nates (An, Ag) (24 features)
from those arising primarily from light quarks and gluons \ /
o Signal: AK4 jets from simulated long-lived STau sample p .
o Background: AK4 jets from QCD k=§d§i(f§f§416 4
e  Jet constituents are used as an input to NN Particle Flow? objects
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e  Each variable is standardized (mapped and cropped on the interval [-1, +1]) Y — )
e  Classes are balanced over p.and n [ p(7h)

e The current model has approximately 100K trainable parameters (TP)
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Performance in simulation

e The tau ID efficiency is estimated from stau MC

e The jet misidentification probability is estimated from top-antitop MC P(t) =e0m

e Signal efficiencies are shown for various WPs: Loose (>0.05), Medium
(>0.7), Tight (>0.99), VTight (>0.997), VVTight (>0.9992)
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Performance in simulation

Barrel region
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Tau ID efficiency

Efficiency and misidentification rate of the
DisTau algorithm for the different working points:

CMS Simulation Preliminary 2018 (13 TeV)
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Performance in simulation

Efficiency and misidentification rate of the
DisTau algorithm for the different working points:

CMS Simulation Preliminary 2018 (13 TeV)
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Tagger validation for background jets

CMS Preliminary 2018, 59.7 fb™' (13 TeV)

e Validation in Drell-Yan (DY + jets) with Z—uu enriched region for = : . 3
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Tagger validation for background jets

CMSPreiminary 2018, 59.7 fb™' (13 TeV) CMSPreiiminary 2018, 59.7 fb™' (13 TeV)
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Tagger validation for genuine tau

SM processes do not exhibit signal-like displaced taus CMS Preliminary 2018, 59.7 fb™ (13 TeV)
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Tagger validation for genuine hadronic tau
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Tagger validation for hadronic taus

® Tagger score for the jet matched to the reconstructed 7,
within AR<0.3

e Overall shape of the data is well modeled
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More information on our new

e Standard HPS Algorithm: Not suitable for displaced z, algorithm available at CMS
. . Detector Performance Summary:
topologies, designed for close-to-vertex z, leptons.

e DisTauTag Algorithm: A new neural-network-based tagger
specifically for displaced tau leptons based on AK4 jets.

e Performance Evaluation: Utilizes simulated long-lived
sleptons; The tagger performance demonstrates promising
rejection efficiency of signal versus background.

e Validation: Tagger behavior in 2018 data is well-modelled,
for both background and signal-like jets.

Thank you for your attention!
Dékuji vam za pozornost!
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