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SM scenario LQ interaction
» Leptoquarks (LQ) are predicted by many extensions

of the SM Bt

» Hints of Lepton Flavour Universality (LFU) violation
in rare B-meson decays
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* b-cty (RD(*))
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LQ Searches at the LHC

- Dominant production gg - LQ + LQ - Analysis vary by the LQ type and decay channel
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Scalar LQ — q/c/b +e/u

» First dedicated ATLAS search for cross-generational LQs

» First use of c-tagging in LQ searches

« SR defined by mass asymmetry: mg,,, =

* Result presented in: m

 Main backgrounds:

« tt, Drell-Yan, di-boson, W + jets, Z + jets,

normalised from data
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https://link.springer.com/article/10.1007/JHEP10(2020)112

Scalar LQY — tt
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https://link.springer.com/article/10.1007/JHEP06(2021)179

Scalar LQ - t+e/u

. . . £ ATLAS | e o 2
» First ATLAS search for top-cross-generational LQ couplings. & 10'E V5= 13 Tev, 139 " = 2
LaLQ - t,, et, ., © Zejets 3
10° L Post-Fit m -1.5 TeV BDT Boners
< Uncertainty E
 Boosted Decision Trees (BDT) are used to further separate . ch;nnel ;
= 10? =
signals from backgrounds ]
« 29(32) input variables used for e(u) channel AN E
. Main baCkg roun ds_ Z(%: B A A ////%é
. . . - . . S i 2y ot SR I SR. ; SR, . :
« Z +jets and di-leptonic tt , normalisation extracted from CR. W o gy, gy, g,
) L B B B BRI =Y Fr T+ 7 SRR NS L
T 0.9§— = Obs. limit £ 16,,,,,, —i % [ ATLAS — Observed 95% CL limit 7
17 CR Z + jets CR SR a £ -~ Exp.limit 3 8 '0F (5-13Tev,139fb"  ---Expected 95% CLImit =
g o8- 1 S 2 =
Leptons pf;. > 100 GeV, |ne| < 2.47, |n,] < 2.5 & 0.7E ;2(:’“’ E ) r LQLQ — t,q ety € I Expected £ 1o ]
Np = 2; opposite-sign E e 1 9 102 Expected + 26 |
Large-R jets pL > 200 GeV, |ny| < 2.0, my > 50 GeV 0.6¢- 3 0 N 5 Theory (NNLO+NNLL) £ 1o
Ny=2 0.5 = C ' ]
Dilepton invariant mass  mg; > 120 GeV 70 GeV < myp < 110 GeV  mg; > 120 GeV 04F 3 & 10°% e channel 5
Lepton flavour eu ee or [ E e channel EI-1 = 3
03¢ ATLAS E '
Channel Mg Limits [TeV] 0.2k Vs =13 TeV, 139 fb”! = 107
E B(LQ — bv)=1-B(LQ — te) 3
electron >1.5 0.1F Limits at 95% CL E
i B Lo b T | TR B R I - e L | 1 L L | L 1 1 | L L L | L L L 1 ! i
muon >1.5 0%3000 1700 1200 1300 1400 1500 1600 171 10° —7000 7200 7400 1600 1800 2000
m q [GeV] m q [GeV]

Eur. Phys. J. C 81 (2021) 313 28/09/2021 6/13



https://link.springer.com/article/10.1140/epjc/s10052-021-09009-8

Scalar LQ3 — bt/tv

- Search for events with tt + E¥'*S in all hadronic channel 2 }

e e e e e e

« 7+ jets, W + jets, tt, single top, tt + Z, all normalised from data
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Scalar LQ§ — bv/tt

- Search for events with bb + EJ"'*S

* Most discriminating variables:
* Mg =2;Prt ET™ mép(v1,v,) = [Er(vy) + Er(v2)]? — [pr(vy) — pr(vy)]?

* Using BDT score as final discriminant
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Scalar LQY — tv/bt, LQ$ — bv/tt, vector LQY

First ATLAS search for vector LQ

« Same analysis strategy as scalar LQ: same charge, same decay modes, similar t,b
kinematics o0 700 800 D :
(Gev] E”Eggfﬁ'ﬂ LQ}E _ U, T
Di-tau preselection Single-tau preselection -7
isS_pi iss 150 S~
ET"-trigger ﬁred and E7"™ > 250 GeV / LQ%’ v, T
No light leptons (e/u) p :
At least two jets '[n(fe(;])
At least one b-tagged jet 600 t,b
At least two hadronic tau leptons  Exactly one hadronic tau lepton b,t

500

At least two b-tagged jets té(1real 7)

0

Single top

Only Single-tau all hadronic channel is used for LQ searches ~<

Single-tau: Targeting B(LQ"/¢ — q¥) ~ 0.5, most events have final states: 17, g N
2 b-jets, large ET"'S*

All hadronic: Leptonic decay leads to extra neutrino washes away sensitivity
SR and other regions defined by most discriminating variable:

mr (1), Ymr(by 2), st: defined as the scalar sum of the transverse momenta of
the tau lepton and the two leading jets
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https://arxiv.org/abs/2108.07665

Scalar LQ%Y — tv/bt, LQS - bv/tt, vector LQ5

 Continue...

« Main backgrounds: tt (1 real 7) and single-top, normalised from data.
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bs{¢ Contact Interaction

» Consider bs{? interaction for:
 SM(a), EFT(b) & for production of two leptons & with/without b jet in final state (c,d)
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Summary

* Presented results of various LQ pair production searches, with a few dedicated searches
first done in ATLAS
» Limits were set, still no sign of TEV scale LQs

Leptoquarks
Decay Mechanism Comments M Limits [TeV]
electron >1.8
LQ - g/c/b +e/u
muon >1.7
electron >1.5
LQ>t+e/u
muon >1.5
LQ>t+T - >1.4
LQ->t+v - >1.2
LQ>b+v - >1.3
Scalar >1.3
LQ->b+T Vector, Yang-Mills >1.8
Vector, minimal-coupling >1.5
Contact Interaction
electrons A/g*>2.0
bse /9
muons AN/ g*>2.4
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Summary

. = 1 pp — LQ5LQYS, all contours at 95 % confidence level June 2021 1 pp — LQILQY, all contours at 95 % confidence level June 2021
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