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Leptoquarks

Predicted by many grand unified
theories: GUT SU(5), Pati-

Salam SU(4), R-parity violating
SUSY

Connect the quark and lepton
sectors

Degrees of freedom:

mass, electrical charge, scalar/ |

vector, Yukawa couplings (1)

Branching fraction into
charged lepton (f=1) or
neutrino (= 0)

Production in pairs, singly,

oft-shell, s/t-channel
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ATLAS Search Program

Focus on pair production, first results on single L.OQ
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Singly (and pair) produced LLQs decaying into a z-lepton and a b-hadron
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Conclusions

- Wide range of searches for L.Qs at ATLAS with 140fb~! pp collision data

+ benehit from improvements 1n flavour tagging and 7 identification in Run-2

+ Stringent limits set on scalar LQs with flavour-diagonal and cross-
generational couplings ATL-PHYS-PUB-2022-012
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» More scenarios to cover: single LQs, non-resonant production, s-channel

+ LQ analyses often statistically limited - wall profit from Run-3 data set (or
High-Luminosity LHC)
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ATL-PHYS-PUB-2022-012

Summary Plots: Scalar LQ"
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Summary Plots: Scalar LQ“
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ATLAS-CONF-2022-044

3rd Generation Vector-like Leptons

- Higgs branching ratios consistent with SM - little room for

new particles with large Yukawa masses

- Non-chiral fermions with Dirac mass present in BSM
(SUSY, string theories, extra dimensions)

+ Case of a SM z-coupling SU(2) double Vector-Like
Leptons (VLL) (7,1))

- Focus on multilepton final states

» Main backgrounds: data-driven fake lepton, WZ, 27, 177

- 7 BDTs trained for various states of lepton multiplicity
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- statistically limited, largest

ATLAS-CONF-2022-044

3rd Generation Vector-like Leptons

systematic uncertainties: bkg.

normalisation, fake lepton

estimate
7' Mass [GeV] | Significance Exclusion Limit [nb]
Expected Observed Expected Observed

130 5.9 —0.4 11107339 953
200 12 —0.4 100753 90
300 15 0.1 17.0173 18
400 12 0.3 74153 8.7
500 10 0.7 3.617°0 4.7
600 7.6 0.9 2.35 50 3.1
700 5.1 1.0 1.870°% 2.4
800 3.4 1.1 1.5707% 2.1
900 2.1 1.1 1.3790:5 1.8
1000 1.3 1.2 1.2705 1.7
1100 0.8 1.1 1.2705 1.7
1200 0.5 1.1 1.2705 1.7
1300 0.3 1.1 1.2705 1.7

o(pp—=t'v'+tt'+v'v') [pb]
S

= ATLAS Preliminary
/s =13 TeV, 139 fb™

95% CL

VLL Doublet Model ... Theory (NLO)
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B-Physics Anomaly R(D™)

. LFU anomaly in charged current 7 vs. e/pu:

« 3.10 excess over Standard Model
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4 HFLAV SM Prediction

PRD 94 (2016) 094008
PRD 95 (2017) 115008
JHEP 1712 (2017) 060

Average
R(D) =0.358 £0.025 £ 0.012
R(D*) =0.285 % 0.010 £0.008

R(D) =0.298 + 0.004 PLB 795 (2019) 38()‘ p =-0.29
R(D*)=0254+0005 PRL 123(2()]9)()9]80] P( 2):3267
’ - EPJC 80 (2020) 2, 74 X 0
I I PRD 105 (2022) 034503 I I
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B-Physics Anemaly R(K")

. oo B—> KOutu~
LFU anomaly in neutral current u vs. e: R(K") = P A
B — K®ete-
New LHCb result compatible with SM
ot LHCD results on the LFU ratios
| latest measurements supersede past ones |
120
= - 2022 2022
%m 2022
2 1.0 '
a2 . }_I
i [ L2021 -
0.3 B ¢ 2019
L 1 @
.l 2014 1
0.6 __ taken from G. Isidori 2017 2017

Ry low-¢° Ry central-¢> Rpy- low-¢> Ry central-¢°

22



