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EXPERIMENT

Long-lived Particles Analysis strategy

Elephant in the Zoom: where is the new physics? Benchmark model: pseudoscalar boson (a)
e 15 < mg<55GeV

* TmMMm<clyg < Im

e Br{a = bb) = 100%

Absence of new physics at TeV scale motivates searches for weakly-coupled new
particles and exotic signatures

e Particle lifetime remains an underexplored parameter of phase space

. . Difficult to trigger, focus on associated production
* Long-lived particles (LLPs) can elude many BSM searches and provide
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striking detector signatures mode provides a very clean signature
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Many BSM models predict exotic Higgs decays
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e Top down: Neutral naturalness (mirror glueballs)
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e Bottom up: Dark sectors, SM+scalar Signature of interest:

o two leptons, and two displaced vertices (DVs) in the inner
* long lifetimes

detect
* higgs-like BRs et \ _» %

Decays back to SM via off-shell Higgs or small Higgs mixing ———»




Reconstruction

Dedicated “large radius tracking” (LRT) [2]
secondary tracking pass run on leftover hits
loosened requirements on hits, do, zo

high efficiency, higher CPU cost!

Reconstruction effiency
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ATLAS Simulation Preliminary

Displaced hadrons —e— Standard tracks

--u-- Large radius tracks
- Combined
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Analysis Selections

After the filter, events are preselected by requiring:

e Two same flavor opposite sign leptons
c 66 <mp< 116 GeV

* At least two jets with pr > 20 GeV

Displaced vertices are required to satisfy:

* material veto

— removes hadronic interactions
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® Nk = 3 — removes metastable SM resonances

* m/ARmox > 3 GeV

— removes vertices from random crossings

Inclusive secondary vertex reconstruction [3]

use combined collection of standard and

large radius tracks

optimized for LLP decays

~50% efticient for
H — aa — 4bl

Baseline selection:

* Trigger on prompt leptons from Z decay

ATLAS Simulation Preliminary Vs= 13 TeV
——— pp— 335> 9a%, ¥, —> 999 M(x,) = 2050 GeV, cr(%,) = 300 mm
——4—— pp — W*h, h— aa, a— bb, m(a) = 55 GeV, ct(a) = 100 mm
——S—— pp = W= uN,N— pvu, m(N) =15 GeV, ct(N) = 100 mm
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* Filter on displaced jets to preselect events tfor CPU intensive LRT reconstruction

> Require = 1 jet with a small charged hadron fraction or low primary vertex

compatibility
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AR(vtx,jet) < 0.6
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ATLAS Preliminary ¢ Data

fs=13TeV, 139 fb™
Preselection, m/AR,,,x > 3 GeV
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— facilitates background modeling

ATLAS Preliminary_1 ¢ Data
{s=13TeV, 139 fb
Preselection, n., > 2
ZH, H— aa
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Reduced mass (M/AR,,,,) [GeV]

Events are then classified based on the number of displaced vertices matched to jets

npy < 2

/

Control region (CR)

Nnpy = 2

N

Signal region (SR)



https://cds.cern.ch/record/2669425/files/ATL-PHYS-PUB-2019-013.pdf

Events

Background Estimation Results

Fully data-driven background estimate Zero events observed in the signal region ——  Limits set on Br(H = aa — bbbb)

Probability for a jet to contain a DV increases with pt and b-tag score (DL1)
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e statistical uncertainty computed from varying Refe rences
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3 ? probability map using pseudoexperiments (1) ATLAS Collaboration, Search for exotic decays of the Higgs boson to long-lived particles in
: : L pp collisions at Vs = 13 TeV using displaced vertices in the ATLAS inner detector, ATLAS-
2 ? e systematic uncertainty computed from validation CONF.2021-005. 2021
1 region (2) ATLAS Collaboration, Performance of the reconstruction of large impact parameter tracks in
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3 Jet DL1 long-lived particle decays within the ATLAS inner detector, ATL-PHYS-PUB-2019- 013, 2019.




