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Many different theories beyond the Standard Model (SM) predict
new physics - XYZ? + leptons

Lepton-Flavour
Leptoquarks

Violation
New Gauge
Bosons
same and Heavy-
generational Neutrinos
final states

Present 13 TeV results on the searches using the ATLAS detector
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Anomalies in the flavour sector recently observed 3 m_dmmz
» R_/Rp, 3.2 sigma anomaly in global average _ s :
» R(/Ry«, anomalies by LHCb in 2019, gone 2022 _
» AC, anomaly, 3.4 s deviation measured by LHCb U EERE EEe B '

» g-2 anomaly measured at Fermilab

ATLAS searching for new physics to explain these in leptonic final state
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ATLAS Data—Run 2 &3
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 Leptoquarks: possible explanation for many flavour anomalies: G
flavour-diagonal and cross-generational final states LQ

» interact with both leptons and quarks
» scalar or vector, fractional electric charge e
» two coupling scenarios: minimal coupling or Yang-Mills

e First introduced in the 70s by Pati & Salam
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Leptoquark Results Summary

Scalar LQ 1 gen
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Searches for leptoquarks
coupling across different & mixed flavour families
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ttbar £*{-: in 3| or 4l final states

* Events selection: > 2 light lep, 2 2 jets, 21 b-jet 3l "
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ttbar £{-: In 3l or 4l final states

e Fit done on effective mass mgg = ¥jj0cpr + pr™° arXiv:2306.17642
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https://arxiv.org/abs/2306.17642

Pair-produced scalar and vector LQs decaying to
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3rd-gen quarks and 1st/2nd-gen leptons — mixed

Scalar leptoquarks with charge -(1/3)e as well as scalar JHEP 06(2023)188
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t,b t.b
p Qi i p i Two of these models have the
vLC mix C H M !
s we LQus tv goal of providing an explanation
.~ for the recent B-anomalies
LOQu. v, / - ﬁ
P Qo _\_ LQGix Y
‘b p - N ]sriglna‘l qolrn'faljs?dllc; tclntalal I?k.':

t ar (LO )’ t,b & [ anas +Data Wt ;
up-type scalar (LQ " S 40°k-1s=13TeV,139fo" MWsjets MISingle t
vector (VI—Qmix) LQS down-t_ype scalar (LQmixd) o 0 ZE':'?aining rzgion .ti+\£'e ° DD:Egso:p EZ

LQs withl=¢e, u % 1o L Pre-Fit Wii+H CJz+jets ]
b rrrTprTYTTTYTTY ""\""I""I""I‘"'Iﬁ""\”"_ LE E Uncenainw E
% ?ST:?:TEVJZBQM" ;\?Vai:ets =tStingIe top_g 104;_ ----- LQ;:,ISBZ?IV VLQ;(n?‘:;I, E‘EJBV—:
2 vLa™ . BivLQ - by)=0.5@tE+v  []Diboson ] L vqM. 1.3 Tev 3
10* = W+ijets CR Wt+H  [JZ+jets | - mix, B=0.5 7
Post-Fit Uncertainty g 1 03 ) E}
s . g 125
@ 1257 ] E s e o8 T 4 L
g 07;f*+++?j 8 075
R ] 0.5

1 0'5(; 01 02 03 04 05 06 07 08 09 1 500 10'90 15b0 20h0 25I00 3000
. NNoyy Mg [GEV]


https://doi.org/10.1007/JHEP06(2023)188
https://arxiv.org/abs/2210.04517

Pair-produced scalar and vector LQs decaying to

3rd-gen quarks and 1st/2nd-gen leptons — mixed
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» up-type LQs the range in B is 0--0.95
» down-type it is 0.05--0.95.

Lower limits
» Scalar leptoquark = 1.98 TeV
» Vector leptoquark = 1.71 GeV
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Leptoquark pairs with 1st/2nd generation
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leptons (e/pn) and light, ¢ or b quarks f? oo

Event Selection JHEP 10 (2020) 112
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Leptoquark pairs with 1st/2nd generation

leptons (e/un) and light, c or b quarks
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Leptoquarks with masses below
> Electron channel = 1.8 TeV
» Muon channel = 1.7 TeV
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Searches for leptoquarks
coupling across same flavour families
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Pair Production leptoquarks decaying to bbtt

third-generation
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Leptoquark decaying to bt final states ‘”“ ROYAL
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single LQ production non-resonant
pair production
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third-generation arXiv:2305.15962
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leptoquarks : decaying to t quark & t

Event Selection
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» Total predicted background in each of
» 15 control region categories
» 6 validation region categories
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Scalar leptoquarks decaying exclusively to tt are excluded up to
» masses of 1.43 TeV
» for BF 50% into tt, lower mass limit is 1.22 TeV.
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Majorana neutrinos in same-sign WW B covs,,,

Final states include
» exactly two same-sign muons \S/\c’;l{n\/?/;s'gntttl*u* |or0dlélt_:tltor(1]I in
» & > hadronic jets well separated in rapidity scattering mediate

/
q1 q

Main backgrounds:
SM same-sign WW scattering and WZ production by a Majorana
modelled and constrained with data neutrino N

in dedicated signal-depleted Control Regions
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95% CL Limit on |Vu)?

Majorana neutrinos in same-sign WW

Benchmark:
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Search for periodic signals in dielectron

and diphoton masses e roLowar

2305.10894

» Novel search technigues based on continuous wavelet transforms
» used to infer the frequency of periodic signals from the invariant mass spectra
» neural network classifiers used to enhance sensitivity to periodic resonances

Signal invariant mass shape
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Scalogram output of the CWT of

dielectron background-only toy exper.

a = CWT scale parameter

W(a,B) = wavelet coefficients,
invariant mass — B.
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Summary

HOLLOWAY

» ATLAS have an active search program searching for
» New physics to explain anomalies

» Leptoquarks —cross and same generation

» Novel search for gravitons

> New gauge bosons, Lepton Flavour Violation

» We are looking forward to analysing the Run 3 data!

Thanks for listening!
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