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Analysis Overview ATLAS

EXPERIMENT

Many BSM models predict exotic Higgs decays Ditficult to trigger, so tocus on associated production

* Top down: Neutral naturalness (mirror glueballs) * ZH mode provides a very clean signature

e Bottom up: Dark sectors, SM+scalar

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

K/} * |ong litetimes

* higgs-like BRs

Signature of interest:
Benchmark model: pseudoscalar boson (a) J

two leptons, and two displaced vertices (DVs)
® 15 < mg < 55GeV

in the inner detector
* 10Mm < cty < Im

Yukawa-like branching ratios:

= assume Br(a = bb) = 100%
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Reconstruction ATLAS

EXPERIMENT

Dedicated “large radius tracking” (LRT) Inclusive secondary vertex reconstruction
e secondary tracking pass run on leftover hits * use combined collection of standard and large radius tracks
loosened requirements on hits, do, zo e optimized for LLP decays

* high efticiency, higher CPU cost!
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Analysis Strategy ATLAS

EXPERIMENT

Trigger on prompt leptons from Z decay / Charged hadron fraction (CHF)

* require one electron/muon with pt > 26 GeV e fraction of jet pr from prompt tracks

CHF = ;rk,prompt / D fJf et

Filter on displaced jets to preselect events tor LRT reconstruction " "
alpha max

e use two jet-level observables to identity interesting events
| Y J e for each PV define a; as the fraction

* necessary to reduce rate due to high LRT CPU consumption of track pt matched to vertex

— ttkeiy trk
o; =pr Py
Offline, require * Omax is the max value of ai among

all PVs

* Two same tlavor opposite sign leptons

* 66 < my< 116 GeV k Aax = Max{a;}
o At least two jets with pt > 20 GeV

Require: CHF < 0.05 OR amax < 0.045
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Analysis Strategy

ATLAS

EXPERIMENT

Displaced vertices are required to satisty:

* material veto — removes hadronic interactions

Selection type

Requirement

* Nk = 3 — removes metastable SM resonances

* Mm/ARmox > 3 GeV
e AR(vtx,jet) < 0.6

Track pruning
— removes vertices from random crossings

— tacilitates background modeling
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Events classified based on the number of displaced vertices matched to jets:
Control region
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Background estimate ATLAS

EXPERIMENT

Probability tor a jet to contain a DV increases with Compute probability that an event contains = 2 DVs
pt and b-tag score (DL1) from the jetfs in the event

4
. . : Pevent(npy = 1]j1-4) = ) Pjet(npv = 1[ji) X | | (1 = Pjet(npv = 1]jk)
narameterize background using per-jet vent ! ; . Ji lk:!( - ©))

probability map based on these observables

-jet vert bability in CR : :
Measure per-jef vertex probability in Validate in y+jets validation region
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Uncertainties ATLAS

EXPERIMENT

Background Signal

e Statistical uncertainty derived from pseudoexperiments Dominant uncertainty from LRT

using statistically varied per-jet maps * Measure by comparing yields of K-short

e Systematic uncertainty derived trom 21% statistical vertices in data and MC

uncertainty on observed number of events in VR * Propagate to vertices by randomly removing

Final estimate: 1.30 = 0.08 (stat.) = 0.27 (syst.) tracks and recomputing signal yielc
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Results ATLAS

EXPERIMENT

Zero events observed in signal region Limits set on BR(H = aa — bbbb)
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Good agreement with background prediction Probe branching ratios ot 3-5%
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Summary

ATLAS

EXPERIMENT

Limits set on BR(H = aa — bbbb)

10% branching ratios excluded between ~5 and ~100 mm

Fills o gap in coverage left by previous ATLAS analyses

> - ] 1 o) ©
> I - Ye © 1
O, 50— ] Q 1 -
o i -
I -
E — T = —1 — / /, ! _——
B g m 10 = : // 4 ///l =
(- — o /I /' //,/ —
40' 1 @) - i ATLAS Preliminary ' ' R -
n T E 1072 = (s =13 TeV \\\\\ . \\\ /// /,,/,:,,, §
B 1 0_1 m : E é my = 125 GeV \\\\\\\ )\,/ //’ //,/ E
i S 3 - i —— m,=15GeV D P 7
- O Q. -3 : ot
o 107 g —
30+ i) = SR m, = 35 GeV =
_ = O Bk m, =5 GeV ~
- o) NS 1074 —C: Prompt ---m,=8GeV —
- o To) - O --®-m,=20GeV -~ -m, =15 GeV 3
20 Q. o "0: ..e-m,=30GeV -~ -m,=25GeV N
= ] 1075 . --®- m, =60 GeV - - - m, =40 GeV _
— | J 10_2 O — iIIIII|_4-I ] IIIIII|_3I ] IIIIII| 2I ] IIIIII| 1I ] IIIIII| [ IIIIII| | IIIIII| 2I ] IIIIE 3
1072 1072 0! § 100 10~ 10™ 10 1 10 10° 10
) Mean proper lifetime ct_ [m]

Mean proper lifetime ct, [m]

For ma < 40 GeV, these are the most stringent limits to date in this lifetime regimel
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Future Prospects ATLAS

EXPERIMENT

LRT to be included in standard reconstruction in Run 3! (ATL-PHYS-PUB-2021-012)

e Eliminates need for custom ftilters, greatly simplifies LLP workflow

* Opens up many possibilities for new ideas and analysis strategies
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Higgs decays to LLPs, stay tuned! ri
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Diagram inspired by Kate Pachal’s LHC seminar
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https://indico.cern.ch/event/976691/

ATLAS

EXPERIMENT
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