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+Small-radius (large-radius) jets are denoted by the letter j (J).

Summary Plots for Heavy Particle Searches and Long-lived Particle Searches - March 2023
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Title: Search for tt™ resonances in final states with exactly one or two leptons using 140
fb—1 3 of p p collision dataat v 4 s = 13 TeV with the ATLAS experiment

model agnostic search for an s-channel resonance decaying to tt
two orthogonal 1 and 2 lepton channels.
Wide range of BSM models considered for benchmarking:
* spin-1Z7, from top-color assisted technicolor models.
* Spin-2 Kaluza-Klein gravitons from Randall-Sundrum model
* Spin-1 color octet: gy, Kaluza-Klein excitations of gluons predicted by models
with extra dimensions. Previous search excluded gy lower than 3.7 TeV
Trigger selection:
* Candidate events for both the 1- and 2-lepton channels are selected using
single-muon and single electron triggers.
Backgrounds:
* W + jets and fake leptons in the 1-lepton channel
* Z+jetsinthe 2-lepton channel
* Data driven correction factors
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mz constructed from:
1. small-R jets, lepton and missing transverse momentum in the resolved topology.
2. top-tagged large-R jet, small —R jet, lepton and MET in the merged topology.
. At larger resonance masses, a tail towards masses lower than the generated mass is visible, which arises from
off-shell production of the signal
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Public plots: Signal distributions in mg after the signal region selection of the 1-lepton channel for the (a) Z', (b) Gkk, and (c) gkk signals for
various representative values of the resonance mass. Events from the Resolved 1b, Resolved 2b, and Merged signal regions are included.
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m¢¢ can’t be constructed unambiguously due to presence of two neutrinos

* myyp used instead.

* The same trend of low-mass tails for the high-mass signals that were seen in the m;; distributions
are also visible in the m;;,;, distributions
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Public plots: Signal distributions in my, after the signal region selection of the 2-lepton channel for the (a) Z', (b) Gk, and (c)
Okk Signals for various representative values of the resonance mass. Events from the five signal regions are combined.
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* best limits on the cross-section times branching fraction to tt for the Z, signal for m; < 1.5 TeV:
o Z'rcy relative I' = 3% excluded for masses below 4.2 TeV.
o Z'rcq relative T' = 1. 2% excluded for masses below 3.65 TeV.
* Slightly weaker than previous search on fully hadronic final states which excluded Z7., bosons with 1% and 3% relative widths with
masses up to 3.9 TeV and 4.7 TeV, respectively [1],
* best limits the full m;; range for :
1. gk with a relative width of 30% (4.1 TeV )
2. Gkk (13 TeV)
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Title: Search for quantum black holes in lepton and jet final states using p p collisions at v 3 s = 13.6 TeV with 4 the
ATLAS detector

* Low scale quantum gravity models predict quantum black holes:
* ADD model: the gravitational field is allowed to propagate in n extra dimensions
* RS1 model: asingle extra dimension separates two 3D branes by some distance

* This analysis was previously done with Run2 data: Search for quantum black hole production in final states using
proton-proton collisions at with the ATLAS detector | Phys. Rev. D
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* What’s new in Run3
* Increase in production cross section by up to an order of magnitude
with COM energy increase of 0.6 TeV due to power law dependence. 10°
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Public plots: Search for guantum black holes in lepton+ijet final states
using proton-proton collisions at $\sqrt{s}=13.6$ TeV with the ATLAS
detector
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* Previous results in Run2 analysis:

* Jower mass threshold limits in the ADD =9.2 TeV.
* Jower mass threshold limits in RS1 = 6.8 TeV.
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Figure 4: The combined 95% C.L. upper limits on o x Br as a function of My, for QBH production at My, = Mp
with decay into lepton+jet for (a) ADD (extra dimensions n = 6) and (b) RS1 (extra dimensions n = 1). The limits
take into account statistical and systematic uncertainties. Circles along the solid red line indicate the mass My, of the
signal where the observed limit is computed. The expected limits are shown by the dashed line. The +10 and 20
bands are shown in green and yellow, respectively. The theoretically predicted o x Br for the QBH production and
decay is shown as the solid blue curve with squares. The limits are obtained with pseudoexperiments.
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Signal Region starting at 3 TeV, with QBH threshold mass range of 6—10.5 TeV.

Two channels — e+j and pu+j
Signal region: Candidate events in the signal region (SR) require exactly one signal lepton and at least one signal jet with

invariant mass m;; > 3 TeV.
Ag,; > 2.8 and Any; < 3.25 to exploit the back-to-back topology of the QBH decay
Sensitivity driven by highest m,; bin of SR

Table 1: Analysis regions definitions. The control (validation) regions used to estimate the leading backgrounds, fake
electrons and V+jets, are indicated. The label e j(jj) refers to the electron (muon) channel. The “signal™ subscript
denotes the different lepton and jet signal definitions in the text. The dash (—) indicates a selection criterion not

applied, where N/A indicates a criterion cannot be applied, in regions which require exactly one signal lepton.

Selections on m;; and S( p?‘i“) orthogonalise analysis regions from one another. The fCR and fVR are only
relevant in the context of the electron channel. The m,, criterion in the fCR is only applied in the presence of a
second electron.

Variable WCR (WVR) (elecﬁ fﬂi}fi ::)omy) ZCR (ZVR) SR
N&m >1 >1 >1 =1
Niga 1 1 2 1

me; [TVl 1.0-2.0 (2.0-3.0) 1.0-3.0 1.0-2.0 (2.0-3.0) | >3.0

P [GeV] >150 >150 >150 >150

pj [Gev] >130 >130 >130 >130

S(pyis) ej.uj >5.0,3.0 <3.0(3.0-5.0) — —
mee [GeV] N/A >120 60-120 N/A
Ay <3.25 — — <3.25
Agyj >2.8 — — >2.8
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Improved exclusion limits! - 02:, ATLAS 98% L, upper s ]
* lower mass threshold limits in the ADD (n=6) = 9.4 TeV (compared to o 1 s Tev, 164t e

9.2 TeV for Run2) ;]g 10 1 —i g

* lower mass threshold limits in RS1 =7.2 TeV (compared to 6.8 TeV for i3 CeRee
Run2)

10 E

* Electron channel surpasses muon channel in sensitivity by a factor of ~3 due 1020 N
to better pr resolution so the two channels are not combined. ST TE

M, [TeV

Table 2: Expected and observed exclusion limits at 95% confidence level on the QBH mass threshold My, for RS and E % T 9.50./ CLI o | ,Itl ;

ADD models with different number of extra dimensions #, in the electron and muon channels, using Run 3 data at a cc? - ATLAS -.-(’Obs;:lvpelc]:ler mis
centre-of-mass energy of 13.6 TeV. x 10 5=136TeV, 164" ---. Expected =

o % [ GBHoe [0 ]

L +2¢ |

Model RS ADD PN — RS (n=1) .

n 1 2 i 4 | 6 3 E

Channel |e+j ,u+j|e+j y+j|e+j y+j|e+j L+ C ]

Exclusion limit Expected 3 _§

My, [TeV] 71 66 | 85 81 [ 91 87 | 94 9.0 g ]

Exclusion limit Observed 3 3

My, [TeV] 72 66 | 86 82 [ 91 87 | 94 9.0 2 ]

M,, [TeV]
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55 ATLAS

In this talk | presented some recent results in heavy exotic resonances:

1. X - tt, 1/2 lepton in full Run 2 data
2. Quantum Black Hole resonances in lepton + jet final states in Partial Run 3 data

Although no new BSM excesses were found, we were able to improve limits on
various benchmark models!

This is only a part of a large ATLAS exotic heavy resonances effort. More results to
come!
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