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# Emphasis on new analyses
& Vector-like leptons (VLL)
& Vector-like quarks (VLQ)
s Leptoquarks (LQ)
& All results use ~140 fb-! of data from Run-2 with one very new results which also uses
full Run-2 and partial Run-3 data

« This talk excludes leptonic final states from long-lived particles

& See talk on Searches for unusual signatures in leptonic/missing energy channels with the
ATLAS detector by E. Woodward in TO9 session on Monday afternoon

s Many more results to be found in ATLAS public pages
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https://indico.in2p3.fr/event/33627/contributions/154489/attachments/94028/144158/EPS_2025_LLP_LepMET_EWoodward.pdf
https://indico.in2p3.fr/event/33627/contributions/154489/attachments/94028/144158/EPS_2025_LLP_LepMET_EWoodward.pdf
https://twiki.cern.ch/twiki/bin/view/AtlasPublic

¥ATLAS Search for VLL in 15t and 2nd generation SM leptons

JHEPQ05(2025)075

& Search for pair-produced VLLs

& Model: SU(2) singlet or doublet extension of SM, coupling to 15 2" generation SM leptons

4 ¢ Singlet e ) ¢ Doublet & q
L* Z/H, W+ LT Z/H
Z - Z/H, W~ W W+

\ 1 0=, v ) q ), q

& Search in final states with 2 opposite-sign leptons (e or u), possibly 1 or 2 additional

leptons in VLL mass range between 150 GeV and 1600 GeV
& 2¢/3¢: neural network multi-class DNN classifier

& 4. cut-and-count analysis

& Plus, selections based on EI*S and number of b/light jets
&« Main SM backgrounds: tt, Z+jets, tt W, tt Z, ZZ
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https://link.springer.com/article/10.1007/JHEP05(2025)075

@ TLAS _ . JHEP05(2025)075
=i Search for VLL in 1stand 2"d generation SM leptons

. . . Post-fit event counts in VLL, SR
& Maximum likelihood fit performed across SRs oSt event cotinis I Vit S

i : normalised to total B.
T

B z+jets [OHFe [OHFu
B Matc @IntC  -- VLLY'
Post-fit [Dothers 7% Unc. == Pre-fitB.

VLLe/p - Muon signal regions

simultaneously with CRs to constrain SM backgrounds §-} 5w s s Be g

& Main discriminant: H.P + Eiss

& Main systematics: Z+jets modelling, signal PDF and ,
scale variations e——

& Statistically limited analysis S
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& Singlet scenario 7 .
#m(VLL,) <400 GeV S
#m(VLL,) < 320 GeV

- VLL, doublet scenario
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https://link.springer.com/article/10.1007/JHEP05(2025)075

@ TLAS _ _ arxiv:2303.22581
«amiw - Search for VLL in 3™ generation SM leptons

# Search for pair-produced 3" generation VLLs
& Model: ‘4321’ UV complete model
# Model favours LQ and VLL decays into 3 generation
& Invariant under local group G,3,,=SU(4) X SU(3)" X SU(2), X U(1t)’
t b

& Interpretation for SUSY-RPV higgsino and wino scenarios

& Search in final states with 11,4 0r 21454, 23 b-jets and no other leptons in VLL mass
range between 200 GeV and 1.5 TeV

& 5 signal regions defined depending on n(t) and n(b-jets)
& Different p% bins defined depending on t, EMSS and b-jet triggers used
# Optimisation of signal classification using neural network

# Main SM backgrounds: tt+jets (with real/misidentified 7’s), multi-jets
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https://arxiv.org/abs/2503.22581
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& Maximum likelihood fit performed for each signal

hypothesis in all bins of SRs

& Main discriminant: neural network score

& Main systematics: tt modelling, data-driven bkd
normalisations, QCD modelling, and data statistics

# 95% CL exclusion limits

& my <910 GeV (970 GeV)
observed (expected)

& my, = 600 GeV region excluded, §
which is most compatible with
2.80 excess seen in a similar
search from CMS
Phys. Lett. B 846 (2023) 137713
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Search for VLL in 3 generation SM leptons
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https://www.sciencedirect.com/science/article/pii/S0370269323000473
https://arxiv.org/abs/2503.22581

@ arXiv:2506.15515
EX

W43 Search for VLQ: T/Y = Wb decays ™"

& Search for single production of Tor Y VLQ — Wb
& Model-independent simplified Lagrangian used

@ L= Z [ QQ_WPé-q+i—WWEQQQQZqu+E§QqHQP§q + h.c.
Q.q.¢

& T (Y) belongs to singlet ({T, B, Y} triplet)
& Interference effects taken into account
& Search in final states with W—e/u v
& Exactly 1 e/u, 23 jets with 21 forward jet and 21 high-p; b-jet, significant E7sS
& Complementary to similar search with W—hadrons sxep 02 (2025) 075

# Main SM backgrounds: W+jets, tt, single t, multi-jet (estimated using Matrix method)

& Use binned profile-likelihood in 3 bins of p¥
& WHjets, tt CRs included in fit to constrain SM background normalisations
& Main discriminant: my, q

& Main systematics: tt and single-top MC generators, tt and W+jets reweighting procedure,
jet flavour composition
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https://link.springer.com/article/10.1007/JHEP02(2025)075
https://arxiv.org/abs/2506.15515
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arXiv:2506.15515

«wsr - Search for VLQ: T/Y — Wb decays ——
3 - ATLAS * Data ]
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PRD 111 (2025) 012012 . A
¢ 1<0.14 to 0.46 with 1150 < my, o < 2600 GeV for Y-triplet model 5 (e
o
YR . . . . ngn . . E “x’ %/i/ﬁ/f/////////;/ /f///////;////f/i
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.012012
https://arxiv.org/abs/2506.15515
https://cds.cern.ch/record/2936879/files/ATL-PHYS-PUB-2025-030.pdf
https://cds.cern.ch/record/2936879/files/ATL-PHYS-PUB-2025-030.pdf
https://cds.cern.ch/record/2936879/files/ATL-PHYS-PUB-2025-030.pdf
https://cds.cern.ch/record/2936879/files/ATL-PHYS-PUB-2025-030.pdf
https://cds.cern.ch/record/2936879/files/ATL-PHYS-PUB-2025-030.pdf
https://cds.cern.ch/record/2936879/files/ATL-PHYS-PUB-2025-030.pdf
https://cds.cern.ch/record/2936879/files/ATL-PHYS-PUB-2025-030.pdf
https://cds.cern.ch/record/2936879/files/ATL-PHYS-PUB-2025-030.pdf
https://cds.cern.ch/record/2936879/files/ATL-PHYS-PUB-2025-030.pdf

@ arXiv:2507.03650
EX

L2 Resonant 15t and 2" generation LQ production N

& Search for resonant single LQ production in new production l ’
mode using Run-2 and 58 fb-" Run-3 data Lo
& 1St ATLAS analysis for LQ production exploiting lepton+photon PDFs YT ’
# Possible now due to advancements in understanding of lepton . .

content of protons

& Photon PDF less suppressed than lepton PDF — contributions
roughly on “equal footing”

# Use scalar S, LQ with q=-4/3e as benchmark signal
# Search in final states with 1 or 2 leptons and a jet

@ 1leor1u+ 1lightjet; 1le or 1u + 1 b-jet

& 2eor2u+ 1lightjet; 2e or 2u + 1 b-jet

& LQ sensitivity also from non-resonant production to dilepton production via t-channel (DY)

# Main SM backgrounds

& W+jets, Z+jets, tt (in b-jet channels)

& Jets mis-identified as leptons or non-prompt leptons
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https://arxiv.org/abs/2507.03650

@ LAS _ . e arXiv:2507.03650
«omcn Resonant 18t and 29 generation LQ production

& Profile likelihood fit performed with simultaneous fit of SR + CRs
@ Main discriminant: m,,

& Systematics: theory and modelling, experimental, fakes/non prompt determination
uncertainties all contribute

& Statistically limited analysis

1e + 1 liaht jet SR, Run-3 2e + 1 light jet SR, Run-3
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& Data-SM predictions agree with each other in all channels within uncertainties (both for
Run-2 and Run-3)
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https://arxiv.org/abs/2507.03650
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# 95% CL exclusion limits

Constraints from
ATLAS LQ pair

production
JHEP 10(2020) 112
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& etlight-jet channel: m o < 3.4 TeV with y,.=1.0

& etb-jet channel: m o < 3.1 TeV with y,,=3.5

& ptlight-jet channel: m o < 4.3 TeV with y,,=3.5

& p+b-jet channel: m g < 2.8 TeV with y,,=3.5

& Access new phase space (high coupling+high mass)
More information in poster shown tonight by D. Buchin
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https://link.springer.com/article/10.1007/JHEP10(2020)112
https://link.springer.com/article/10.1007/JHEP01(2019)132
https://arxiv.org/abs/2507.03650

@ TLAS _ _ arxiv:2503.19836
sremer  HIgh-mass tT production

m

b T b
# Measurement of .
& 77 fiducial cross section as function of visible mass U ’
o . . . U
& Search for deviation in high mass tail
b T b T

& Non-resonant production of Z' bosons

& Non-resonant production of Leptoquarks ’ . i
= AL =UMBPaLyuly + BRaRyut) /N2 + he.
& EFT interpretation :

# Look at events with 27;,,and <2 b-jets in 1.5 TeV <m o< 3 TeV
& Best sensitivity for searches is 1 b-jet final state
& Main Backgrounds
& 7's from Drell-Yan (DY) and tt production
& Jets misidentified as t's
& Profile likelihood fit to the data performed
& Main systematics: Drell-Yan modelling, tt normalisation/modelling
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https://arxiv.org/abs/2503.19836
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PERIMENT

AT

& Good data-MC agreement in SRs

# 95% CL exclusion limits

& Excellent constraints on LQ searches in
1.5 TeV <m g < 3 TeV ATLPHYS-PUB-2025-013

& Small part excluded of preferred region
by B-hadron anomalies

& Excludes m(LQ) =2 TeV, A=2.5, in which «
CMS observed local excess of 2.80 B

JHEP 05 (2024) 311

More information in poster shown
tonight by G. Padovano!
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Search for 3" generation Leptoquarks
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-013/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-013/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-013/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-013/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-013/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-013/
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https://arxiv.org/abs/2503.19836
https://link.springer.com/article/10.1140/epjc/s10052-023-11304-5
https://link.springer.com/article/10.1140/epjc/s10052-023-11304-5
https://link.springer.com/article/10.1007/JHEP05(2024)311

& New exotics results with leptons in final state presented
& More to come using full Run-2 statistics
& No sign yet of new BSM phenomena

# Run-3 data taken at Vs = 13.6 TeV will further increase our physics potential
& Already ~180 fb-' collected in 2022 - 2024, with more to come

& And after this: HL-LHC running
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— = o
- =] ' = 30
el = 2> * [ LHc Delivered ]
_*E 5 2500 2 8 95 [[]ATLAS Recorded ]
mE 4 2000 & g F Total Delivered: 24.2 b 1
%__ a 1500 E § 20 o Total Recorded: 23.1 tb™ E
£ =) © 15 a R
E 2 1000 = 5 15+ ]
= 5 £ : Status: :
R 500 g = . ]
g -l =T B §!, 5 g - 06/07/2025 ;
2010 2015 2020 2025 2030 2035 2040 E 5 g R
Year ot . . : . ‘ ‘ ]
19/04 24/05 28/06

Day in 2025

09/07/2025



Backup



7z

LAS

ERIMENT

o

Vector like quarks summary for scalar or vector models (status 06/25)

ATL-PHYS-PUB-2025-030

Status: June 2025

ATLAS vector-like quark searches - 95% CL exclusion

ATLAS Preliminary

Vvs=13TeV, 36.1 fb~! - 140 fb~?!

g Singlet VLQ (pair) B(VLQ — Wg)=0.5 | 1.15 PRDI 110 (2024) 052009 4140 fb~!

= Simplified VLQ (pair) BIVLQ = Wg)=1.0} 1.53 PRD 110 (2024) 052009 {140 fb~!

Doublet (B Y) (single) Mag/mg = 20%, B(B = Zb)=8B(B -+ Hb)=0.5r 1.8 JHEP 11 (2023) 168 1139 fb!

Singlet B (single) Mg/mg = 20%, B(B = Zb)=B(B =+ Hb)=0.25 1.3 JHEP 11 (2023) 168 1139 fb!

Singlet B (pair) B(B = Zb)=B(B = Hb)=0.25} 1.2 PLB 843 (2023) 138019 {139 fb!

;é" Doublet (B Y) (pair) B(B— Zb)=8(B = Hb)=0.5 1.32 PLE 843 (2023) 138019 139 fb!

Simplified B (pair) B(B - Zb)=1.0} 1.42 PLE 843 (2023) 138019 139 fb!

Singlet B (pair) B(B - Wt)=0.5} 1.33 EPJC 83 (2023) 719 1139 fb!

Simplified B (pair) B(B - Wt)=1.0t 1.46 EPJC 83 (2023) 719 1139 fb!

Doublet (B Y} (single) My/my = 20%, B(Y -» Wb)=1.0 2.27 arXiv:2506.15515 1140 fb~!

Doublet (X T} (single) It/mr = 20%, B(T » Zt)=B(T -+ Ht)=0.5 1.4 PRD 111 (2025) 012012 {139 fb~!

Singlet T (single) M'yfmy = 20%, B(T = Zt)=8(T = Ht)=0.25 2.0 PRD 111 (2025) 012012 {139 fb~!

Simplified T (pair) B(T - Ht)=1.0 1.01 PRD 98 (2018) 092005 {36.1 fb!

E* Singlet T (pair) B(T = Zt)=8(T - Ht)=0.25 1.27 PLB 843 (2023) 138019 {139 fb!

Doublet (X T) (pair) B(T = Zt)=B(T = Ht)=0.5} 1.46 PLE 843 (2023) 138019 139 fb!

Simplified T (pair) B(T = Zt)=1.0 1.6 PLE 843 (2023) 138019 139 fb!

Singlet T (pair) B(T = Wb)=0.5t 1.36 PLB 854 (2024) 138743 140 fb—!

Simplified T (pair) B(T - Wb)=1.0r 1.7 PLB 854 (2024) 138743 1140 fb~!

. . g refers to u, d, or s quark 0 0?5 1 1:5 2 2"5 3
Simplified SU(2) SU(2)
model singlet doublet Vector-like quark mass [TeV]
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LQ(ge)

LQ(qu)

LQ(gT)

LQ(qv/qf)

Scalar

09/07/2025

ATLAS Leptoquark searches - 95% CL exclusion

Status: July 2024

ATLAS Preliminary
v5=13 TeV,139 fb~?

Leptoquarks summary for scalar or vector models (status 07/24)

Scalar (pair) BR(LQ —je)=1.0 - 18 JHEP 10 (2020) 112 139 fb !

Scalar (pair) BR(LQ - ce)=1.0 A 1.76 JHEP 10 (2020) 112 139 fb~!

Scalar (pair) BR(LQ — be)=1.0 1 1.73 Phys. Lett. B 854 (2024) 138736 139 fb~!

Scalar (pair) BR(LQ —te)=1.0 - 1.66 Phys. Lett. B854 (2024) 138736 139 fb—!

Vector (Min) (pair) BR(LQ —te)=1.0 - 1.67 arXiv:2306.17642 139 b1

Vector (YM) (pair) BR(LQ —te)=1.0 1 1.95 arXiv:2306.17642 139 fb—!

Scalar (pair) BR(LQ - ju)=1.0 4 1.74 JHEP 10 (2020) 112 130 fb!

Scalar (pair) BR(LQ - cu)=1.0 - 1.68 JHEP 10 (2020) 112 139 b1

Scalar (pair) BR(LQ — bu)=1.0 - 171 Phys. Lett. B 854 (2024) 138736 139 fb~!

Scalar (pair) BR(LQ - tu)=1.0 4 16 Phys. Lett. B 854 (2024) 138736 139 fb~!

Vector (Min) (pair) BR(LQ - tu)=1.0- 1.67 arXiv:2306.17642 139 fb~!

Vector (YM) (pair) BR(LQ - tu)=1.0 4 1.95 arXiv:2306.17642 139 fb~!

Scalar (pair) BR(LQ —=1)=1.0 - 13 JHEP 06 (2023) 199 139 fb~!

Scalar (pair) BR(LQ - b1)=1.0 1 1.48 Phys. Lett. B 854 (2024) 138736 139 fb~!

Vector (Min) (pair) BR(LQ = bT1)=1.0 - 1.65 Eur. Phys. J. C 83 (2023) 1075 139 fb !

Vector (YM) (pair) BR(LQ - bT)=1.0 - 101 Eur. Phys. J. C 83 (2023) 1075 139 fb~!

Scalar (single+non res.+pair) A(b1)=1.0 - 1.28 JHEP 10 (2023) 001 139 fb~!

Scalar (single+non res.+pair) A(b1)=2.5 - 1.53 JHEP 10 (2023) 001 139 fb~!

Vector (Min) (single+non res.+pair) A(b1)=1.0 4 1.35 JHEP 10 (2023) 001 139 fb~!

Vector (Min) (single+non res.+pair) A(bT)=2.5 - 1.99 JHEP 10 (2023) 001 139 fb !

Vector (YM) (single+non res.+pair) A(bt)=1.0 4 1.58 JHEP 10 (2023) 001 139 fb~!

Vector (YM) (single+non res.+pair) A(bT)=2.5 1 2.05 JHEP 10 (2023) 001 139 fb~!

Scalar (pair) BR(LQ —t71)=1.0 1 1.52 Phys. Lett. B 854 (2024) 138736 139 fb—!

Vector (Min) (pair) BR(LQ —=tT)=1.0 1 1.53 JHEP 06 (2021) 179 139 fb~!

Vector (YM) (pair) BR(LQ = t1)=1.0 4 1.81 JHEP 06 (2021) 179 139 fb—!

Scalar (pair) BR(LQ — bv)=1.0 - 1.26 Phys. Lett. B854 (2024) 138736 139 fb~!

Scalar (pair) BR(LQ - tv)=1.0 A 1.24 Phys. Lett. B 854 (2024) 138736 139 fb~!

Scalar (pair) BR(LQ —te)=0.5 1 1.45 Phys. Lett. B 854 (2024) 138736 139 fb~!

Scalar (pair) BR(LQ - tu)=0.5 4 143 Phys. Lett. B 854 (2024) 138736 139 fb~!

Scalar (pair) BR(LQ —t7)=0.5 1 1.36 Phys. Lett. B 854 (2024) 138736 139 fb=!

Vector (Min) (pair) BR(LQ - be)=0.5 - 1.62 JHEP 06 (2023) 188 139 fb~!

Vector (YM) (pair) BR(LQ — be)=0.5 - 1.9 JHEP 06 (2023) 188 139 fb!

Scalar (pair) BR(LQ - be)=0.5 1 1.51 Phys. Lett. B 854 (2024) 138736 139 fb~!

Vector (Min) (pair) BR(LQ - bu)=0.5 - 1.71 JHEP 06 (2023) 188 139 fb !

Vector (YM) (pair) BR(LQ - bu)=0.5 1 1.98 JHEP 06 (2023) 188 139 fb~!

Scalar (pair) BR(LQ — bu)=0.5 1 1.57 Phys. Lett. B 854 (2024) 138736 139 fb~!

Vector (Min) (pair) BR(LQ - bT1)=0.5 - 158 Phys. Lett. B 854 (2024) 138736 139 fb~*

Vector (YM) (pair) BR(LQ - bT1)=0.5 - 1.84 Phys. Lett. B 854 (2024) 138736 139 fb~!

Scalar (pair) BR(LQ - b1)=0.5 1 1.34 Phys. Lett. B 854 (2024) 138736 139 fb~!

j refers to u, d, or s quark : - . - :
0.0 0.5 1.0 1.5 2.0 2.5 3.0
Vector Vector LQ mass [TeV]

(Yang-Mills) (Minimal)
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