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in ATLAS

Beyond Standard Model Searches

So far, lepton flavor universality tests in b-physics sector and (g-2)u anomalies could hint to

BSM in particle physics.

Exploit ATLAS exceptional lepton identification capabilities (electrons, muons and taus)
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https://cds.cern.ch/record/2688062
https://www.nature.com/articles/s41567-021-01225-z

Outline

» Test of SM symmetries (indirect):
> Lepton flavor violation in Z boson decays
> Measurement of epn charge asymmetry
> bsll contact interactions
» Direct searches of BSM heavy particles
> Typelll Seesaw heavy leptons

> Heavy gauge bosons Z’ and W’

Other ATLAS talks related to BSM searches:

% For Leptoquark searches - Talk from P. Baur

% For resonances decaying in pairs of heavy boson - Talk from S. Li

% For LFV in Higgs boson - Talk from K. Ran

% For BSM in 3" generation quarks — Talk from A. Burger

% For additional scalar particles - Talk E. Reynolds

% Dark matter searches - Talk from C. Li

% Searches with challenging and long lived signatures - S. Grancagnolo
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Lepton Flavor Violation
Searches

» Exploit huge statistics of Z bosons produced and look for LFV in Z decays
» LFV very rare from SM (neutrino mixing) BR~10-°
» Positive signal would be a clear indication of BSM physics
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-042/

Lepton Flavor Violation
searches Z - e/u t

» Deep Neural Network with full kinematic information to
discriminate signal from different background
» Low and High P_ categorization to optimize sensitivity

Previous best limits at LEP:
Br(Z - et)<12 x10° at 95% CL
) Br(Z - ur)<9.8 x10°® at 95% CL
" 1 hadronic =
New Run2 Results:

(marginal dependence on unpolarized

Nature Phys. 17 (2021) 819 arXiv: 2105.12491
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https://arxiv.org/abs/2105.12491
https://www.nature.com/articles/s41567-021-01225-z
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Ideally p.,,=1. Detector effects could p,,,<1 A measurement of p>1 - Hint of new physics

Measure the ratio P =

» Events separated in independent signal regions: large MET and jet regions

» Mis-identified leptons estimated with data driven method

» In ratio many uncertainties cancel out — Muon charge bias (trigger, reconstruction)
carefully estimated and validated
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http://cdsweb.cern.ch/record/2779180

e u asymmetry

No significant excess observed in p measurement
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Single LQ production
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bsll contact interaction ... ...

Direct probe of bsl/l interaction at high momentum
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.141801

Type lll SeeSaw

Search for charged and neutral heavy leptons predicted by Typelll Seesaw models -
motivated by small SM neutrino mass
Heavy leptons decay in leptons (v, e/u) + SM bosons (W, Z or H)

§ - . L

Search in 2, 3 and 4 leptons final state and combination

Three, four leptons +
combination with two

leptons
ATLAS-CONF-2021-023

Two leptons + jets

Eur. Phys. J. C 81 (2021) 218
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https://link.springer.com/article/10.1140/epjc/s10052-021-08929-9
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-023/

Heavy leptons in Typelll
SeeSaw
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Multilepton General Search

arxXiv:2107.00404

» Exclude cross section for 3 and 4 lepton final states with additional requirements (small
or large E7"**presence or not of a Z boson)
» Upper limits derived for specific models: Doubly charged Higgs and Typelll Seesaw
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https://arxiv.org/abs/2107.00404

Non resonant dilepton search

From resonant search (Z’) and non-resonant search in dilepton invariant mass

distributions.
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https://www.sciencedirect.com/science/article/pii/S0370269319304721?via=ihub
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http://cdsweb.cern.ch/record/2772628

Select events with large  E7:5*

and exactly one lepton
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Search for Heavy
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-025/
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.052013

Conclusions

» Searches of BSM physics with leptonic final state well established In
ATLAS

» No evidence for BSM deviations

» Limits on LFV and direct searches constantly improving thanks to
Increased statistics and better analysis techniques

» One of the most promising sector to look for confirmation of hints of
LFU violations (LHCb, Babar and Belle) and muon (g-2)
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Fraction of events / 0.04

LFV Z- e

. ATLAS Simulation Preliminary
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Jet energy scale and resolution 1.2%
Pile-up 1.2%
Electron energy scale and resolution 0.8%
Lepton efficiency 0.7%
b-tagging 0.6%
Muon resolution and bias correction 0.6%
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Combined {7 Run 2, left-handed 7 4.5(5.7) 5.6 (5.3) g 1%&%&%&%
Combined ¢7 Run 2, right-handed 7 5.4(6.2) 7.7 (5.3) ‘5’Of;‘;’?_..._...‘...._.........‘....‘..."...f?
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en Asymmetry

>
>

ey
o
= SR-RPV
g ety et
= m(x1, 1) = ( 0,500) GeV, \g5; =1 191 =+ 19 468+ 3.9
% m(x1, 1) = (50,250) GeV, Myzy =1 1160 + 88 361 =+ 92
m(Sy) = 1000 GeV, A = 0.5
2-LO m(S;) = 1250 GeV, A = 1.0
H, [TeV] Data 489 +£ 22 510 £ 23
if Jj2, pr(j2) < 200 GeV Total SM expectation 503 =+ 48 510 = 26
e part due to real leptons 473 + 47 479 + 24
e part due to fake leptons 294+ 82 303+ 83
Al
SR-LQ
etu” et
m(X1, /1) = ( 0,500) GeV, Ag3; =1
m(X1, 1) = (50,250) GeV, Ay, = 1
m(S;) = 1000 GeV, A = 0.5 157 + 26 106+ 2.3
m(S;) = 1250 GeV, A = 1.0 244 + 38 159+ 34
Data 609+ 7.8 69.1+ 8.3
2 Total SM expectation 61 + 13 69 £ 12
S mp(l, piss) [GeV] e part due to real leptons 46 + 12 47 + 11
200 . e part due to fake leptons 141+ 48 2214+ 6.6
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Events / 100 GeV
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I Dilepton search

m 30 T T T T
*qc: ATLAS —e— Observed Limit
o F ' ' " — > Vs =13TeV, 139 fb™! ==== Expected Limit
E . . q) 3
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c 20t
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