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1stgen 2"d gen 3 gen
Leptons are apowerful tool in the search for new physics at the LHC ~0.511 Mev/c? ~105.66Mev/c2 | | ~1.77693 Gev/c?
V Charged leptons leave striking signatures in detector . (8 . H ¢ &l
V Final states with leptons highly motivated by many BSM theories | electron muon tau

In particular, theories with leptoquarks (LQ) and vectalike leptons could accommodate flavour anomalies
and the anomalous magnetic moment of the muon
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Analyses presented in this talk

This talk will present three recent results searching for new physics in ATLAS with fo# Run-2 dataset:

-

\_

Search forvector -like leptons

coupling to 1st and 2"d generation

leptons (arxiv:2411.07143

~

J

— _/

=0.511 MeV/c? ~105.66 MeV/c?
-1 -1

electron muon

Search forvector -like leptons High-mass® ‘analysis
coupling to 3" generation (arXiv:2503.19836
fermions (arxiv:2503.22587)

— _/
~

=1.77693 GeV/c?

-1 Investigating two excesses [1,2] found in recent
" - CMS analyses searching for vectelike leptons
tau and leptoquarks couplingto 33 RIJU I ¢ q R®

[1] Phys. Lett. B 846 (2023) 137713
[2] JHEP 05 (2024) 311 3
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VLL to $and 29 generation

Submitted to JHEP

Vector -like leptons (VLL): left- and righthanded chiral components have same
transformation properties under SU(2)

Search for pairproduced VLLs originating from either SU(2) singlet or doublet,
coupling to 1stand 2" generation SM leptons:

A Singlet model includes only charged VLLs
A Doublet model also includes a neutral VLL and significantly enhanced
production cross-sections (up to 10 times larger than singlet)

Final states with2 opposite-sign, 3 or 4 light leptons, where leptons can originate
from VLL decays or suksequent decays of the Z, H, or W bosons.

Targeting VLL mass range between 150 GeV and 1600 GeV

Singlet )

Z/H, W+
Z/H, W~
)
Doublet \
L* Z/H
W W
/
-
Z/H
Z/H
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VLL to $and 29 generation Submitted to JHEP

VLL (VLL ) targeted in signal regions with at leastne pair of same-flavor opposite -sign electrons (muons)

A 210S/3l: dedicated DNN to define signal regions targeting specific topologies
A 4l: cut-and-count analysis

Control regions used to constrain / correct major SM backgroundsil Z+jets, 60, 6, VV

ATLAS Simulation

Vs = 13 TeV
Multi-class DNN trained to classify each eventinone 3 2
. @ (HH 0.17 008 011 005 0.09 06 2
of 6 (4) classes in the 2I0S (3l) channel g ak
= Qo
(HV{ 020 024 020 013 011 0.12 05 3
DNN inputs: g
. 1o : 04 5
Variable (w | 004 0.08 E
. s}
Number of jets (Njetﬁ) . _ wHV4 0.05 0,02 F03 &
Sum of pseudo-continuous b-tagging scores of jets
Number of hadronic W/Z bosons W4 002 001 r0-2
Number of hadronic H bosons o Correct
Missing transverse energy (EX"*°) SMBkg{ 0.12  0.07 ~ classification

T T T T T \ 1
RS R on diagonal

Predicted label

5


https://arxiv.org/abs/2411.07143

VLL to $and 29 generation Submitted to JHEP

Maximum likelihood fit is performed across the electron (muon) SRs to test foflLe (VLL) signal, together with
the CRs to constrain in situ the leading backgrounds simultaneously.

Statistically dominated search; dominant systematics are®+ jets modelling and signal PDF and scale variations

Discriminating variable: 95% CL limits onVLL doublet:

- normalised to total B. POSt‘fIt event Counts In VLL SRS. . L B e LA e e e |
- SRR L RARARESNRasE Ry s N 5 C ]
8 107 L ATLAS ¢ Data "_'LLE'  : normalised to total B. = 10 ATLAS —— Obs. limit combination —
=] F (s=13Tev,140f0" HVV Wiz " T T T T T T v T R = E _ 4 e Exp. limit combination 3
8 s VLllLe/u miH citw 2 ATLAS 4 Data  HVV - @) l? = fs=13 T,G\{' 140fo Exp. limit +1o .
5 10°F |t W Z+jets o 10" Vs =13 TeV, 140 fb" gtH  Odw @ = 95% CL limits Exp. limit +26 7
- OHFw  [Others D F  viLe/u - Muon signal regions W Zjets @HFe EIHFu_ o IE — — Exp. limit 2008 3
2 o5k Posth Unc. - Pre-Fit B. o ! 9 g BMaic EHinC  -- VLLg' =4 F\ - - Exp. limit 3¢ 3
w E Post-fit [Dothers 72 Unc. == Pre-FitB - E Exp. limit 4¢ 7
T E— 107 =~ N -.—- Exp. limi ]
10 00 10 P T N —— Theory (NLO) -
e YO 1 - E VLL, Doublet model 3
10° 1 FooN 3
10* a - -
Py U 10° =2 R\ N -
10 - 5 3 3

LU

—_—
—_—
i T e T —|

1

M yosf -
107 = F 10 o~
o 1'251; AAAAA B § 075 F = §
8 075k Z7: o 3 3 3 7 » [ J | l | | ]

0.75F : ; % % < < 7 77 7% l, ' -5 L1 L1 L1 L1 L1 L1 Lo
I i e i, » W/”/:/ )y, " b, @’//w., )y, W, ("//,,,1 ‘@’Qr; 204 10" 500 400 500 800 1000 1200 1400
0 200 400 600 800 1000 1200 14001600 1800 2000 v v iy, e W ~ o VLLY mass [GeV]

U

HP+ ET™ [GeV]

No significant deviations observed. Masses belovt220 GeV(1270 Ge\) and320 GeV(400 Ge\) forVLL, (VLL)

in the doublet and singlet scenarios are excluded at 95% CL, respectively. 6
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Analyses presented in this talk

This talk will present three recent results searching for new physics in ATLAS with fo# Run-2 dataset:

Search forvector -like leptons
coupling to 1st and 2"d generation
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Search forvector -like leptons High-mass® ‘analysis
coupling to 3" generation (arXiv:2503.19836
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tau

Investigating two excesses [1,2] found in recent
CMS analyses searching for vectelike leptons
and leptoquarks couplingto 33 RIJU I ¢ q R®

[1] Phys. Lett. B 846 (2023) 137713
[2] JHEP 05 (2024) 311 7
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Vectorli Rt IJLWG IJGaq YUt Wbl é x x b WWR U Wa 6 13 Wh MO = NoknitkkCro¥PIC

Analysis based onn 1 O = hcanipleté model , extends the SM

with new symmetry group:
SUM@4) x SUB)Y xSU2), x U(1)

Introduces three heavy gauge boson, vectelike quark (VLQ)
doublets, and VLL doublets

To accommodate flavor anomalies, model favorsector
leptoquarks and VLL decays to 3 generation fermions

Expected signature is events with multiplé & B-jets, and'O
focusing on hadronic tau decays.

Search targetsm,, |, between 200 1 1500 GeV

Hadronic taus in ATLAS

A .4 0ccurs with 65% BR. Signature is a
hadronic jet with 1 or 3 charged particles
A "\ .4-ID in ATLAS performed with RNN

1-prong 3-prong
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VLL to 3'generation: analysis method Submitted to EPJC

> 027177 T 7 T 7 T 1]
. e 4 . . . . 8 :_ imulation Combined _:
Events are collected withO ," .4, and bjet triggers to improve signal ~ § *'° Eta T S LsamMsT ]
acceptance (following a preselection on offline objects) % onab +:§;’h;ib3iﬁ;m E
@ - ]
?U 0.12F
Signal regions (SR) contain events with LN EI L s-jlkt€) S O leptons . fg 01E
] o~ 2o . . ~ ' . < 0.08:—
Controlregions SR Rt JWIJ2 JUqt WHe gqllis Ra 6 WK N LW 006
0.04;— .
Neural network output score used as final discriminating variable 002} T,
A Parameterized in VLL mass 0?635/4:; ‘600 800 7000 1200 1400
. ) e e i . D — w [GeV
A 19 Inputs:” p;, object multiplicities, invariant masses and’  ~of " eVl
GCRIt WYNWYHTWUHEqt AWESc | NIJALWS. I e UL L B b
104 VLL 4321 B Z+jets Fake 1,4 -
= Ty, 30 MST I Multijet - VLL(1 T.eV)XSOE
Main backgrounds : 0dFjets (with real tau or jet misreconstructed as tau) g o
and multijet. : 3
102_::5:_"’ ........................... 3
Dominant systematics from 6dimodelling, data-driven background o —— ;-
normalizations, QCD modelling, and data statistics - -
& 1: | l --------- I | | | | A
5 12, i
g;f 0-81gu..,,.m.,;-ﬁ.,/..,Q-ﬁ..,/‘n * 77 / 2./ ////A
0.6- =
1 2 3 4 5 6 7 8 9

NN(tr, , MST) score bin


https://arxiv.org/abs/2503.22581

VLL to 8 generation: results Submitted to EPJC

No excesses observed.

o) S L e e e
. S oL ATLAS —e— Observed limi -
Observed (expected) 95% CL lower limiton & "7 s i3 7ev Exocted i E
My, IS 910 GeV/(970 GeV). < o[ 126-140 10" Expected +1o §
E EE 95% CL limits Expected +26 ?E
This search excludes them,, = 600 GeV region, L o Expected 1Thad23b MST, 1406fb )3
56 RAGLWRE WA Yt qWHRY G Geé qRAG IJEI 0 6 WY < atid s v P
In a similar search performed in CMS [1] 10k —— VLL 4321 model prediction
This is thefirst search from the ATLAS 10‘2é— b
collaboration for VVLLsdecaying through U1l to - )
3rd generation fermions L S e L CETr
10_4_51..1...1........1...1.
200 400 600 800 1000 1200 1400
my, [GeV]
q Wt Ys Wact t AWG6 RNG 1) Sullly LLIOH LE
qlWé RNG WA ¢t t AWE RN Gkt LaQlH LI-H

[1] Phys. Lett. B 846 (2023) 137713
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Analyses presented in this talk

This talk will present three recent results searching for new physics in ATLAS with fo# Run-2 dataset:
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Investigating two excesses [1,2] found in recent
CMS analyses searching for vectelike leptons
and leptoquarks couplingto 33 RIJU I ¢ q R®

[1] Phys. Lett. B 846 (2023) 137713
[2] JHEP 05 (2024) 311 11
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Highmass' | .4 hag: Motivation Submitted to JHEP

b T
High-mass tail of di-tau mass spectrum is sensitive to many i K
BSM effects and basic properties of tau

Broad scope analysis studying pp Ttlwith three objectives:

1. First measurement of inclusivettffiducial cross-section as a function of visible invariant mass

2. Search for new states through nofresonant interactions| vector leptoquarks that
accommodate flavour anomalies

3. EFT interpretation

opposite-sign same-sign

Select events with at least twd ,.4, with leading’ ;.4 pr> 90 GeV
Ob 1b 2b+ Ob 1b  2b+

andm- -> 100 GeV

tau+tau signal regions e
Background with true’  kestimated with simulation. Background e+tau validation
- - - VV and ttbar :
from mis-reconstructed taus obtained from data-driven fake- A regions
mu+tau validation
factor method regions
e+mu

12
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Submitted to JHEP

Highmass' | .4 naq: Cross section measurement

Unfolded fiducial cross section enables direct comparison between the data and any physics model without
having to simulate the detector response

Detector-level distribution of m- -(Np e inclusive) Unfolded fiducial cross section

> =R AR R R FURLRCE ) G T U FUELR RS RS ST = ;‘ | _
8 . - ATLAS [ Drell-Yan— 1t - 8 | ' t Daa ' 4 2
?@ 10 E? /s = 13 TeV., 140 f6" -g::;erzonstructed T Eg “g L ! ¥ Sherpa2.2.11% sMMePsenLO) 1, g
5 o - tSt o — -‘é’Es 8 ! Powheg+Pythiadt  sMnLoPs) 3
u>J 1 EF -U:lgeia?;y Eg S - ' t . {4  Drell-Yan (MEPS@NLO) .
- e Data - . o) - -
10k - Unfolding s A i |
1 . > 10" | } — 10"
E A Reconstruction E ATLAS ; t .
10 efficiency i Vs=13TeV, 140 fo'
2 A Backgrounds g 13f Js - '
= = . . o .
I T S E A Migrations from % 13 | E e | me ]| l | }
PR e ; = detector response 5 93 e I S [ I |
© g E B 07
O 05:_ ..................................................................................................................................... _: g_f 06 ) ) ) ) )
100 200 300 400 500 600 700 800 900 1000 100 200 500 o0 000 e

mie [GeV]
m. .. [GeV]

had “had

A Largest uncertainties from modelling and -lepton identification uncertainties
A Theory predictions from Sherpa2.2.11 andPowheg+ Pythia agree with unfolded data
A Results available onHEPDatawith accompanying Rivet routine 13
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Highhmass' .4 haq: New physics search Submitted to JHEP

., BSM ) SM :
Non-resonant interaction search: \7'/ ) Z/y

A Events yvitr_] 0,1,0r2 Hets congidered separately //\’\ Interference taken

A Profile likelihood fit to the data is performed . ~*  into account

b T
Largest uncertainties from DreltYan modelling uncertainties andodinormalization and modelling uncertainties
Highest sensitivity from 1 bjet region:

> j " - 6 T T T T T T T T T T T T
(] Al L | i .
9_ 107 g‘-:f3 TeV, 140 fb~1 E grelI—Yan =TT % C ATLAS Expected limit+ 26,,; ] ReSUItS eXC|Ude'
o 1b-jet [ Misreconstructed Thas S _ [ f=13Tev, 101" mm eecesinicte, 1 A small portion of preferred
g 10 B Single top a5 | Vector LQ — Observed limit | :
o B Others = [323:0 Preferred region (90% CL) reglon by Bhad ron
. ’ l;g:aertainty _ . i onor oL lmits Eur Phys.J.C 83 (2023) 2,1537: anomalies
- i 1 A leptoquark benchmark
Lo - 3 2 model with local
/7 I RDURNRHAC URIJ
e il oL 2 CMS resultuHep 05 (2024) 311]
E P SM T pure-BSM .‘On i
—— Tota i i . i
S0l s 1k Prefe\’red reg ] Provides some of the |ead|ng
o - 1 .
g usf - - ) constraints on LQ models:
1.0 * 0 B 1 1 | 1 | 1 I 1 | | 1 1 1 1 i ATI__PHY P B—2 2 1
200 200 600 800 1000 1.5 2 2.5 3

mThadThad [ G eV]

Leptoquark mass [TeV] 14
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Highmass' | .4 naq: New physics search

b T
9 YUt ql ¢RUqt Wt 1Jq WY Udlbogtitb@EesWE ~E[ RMWY g & RU q L
to anomalous magnetic moment of the * -lepton
b i
2\/§m7v Re[c'ry]
5(17 = (] 12 [T T 1 T AL S —
e A2 3 - ) . .
© . ATLAS Expected limit i
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, > Vs=13 TeV, 140 fb" Observed limit
—== Cqy=0 ATLAS 8) 10 [ Z models —®— Left-handed coupling (\[¢ ¢, ) |
e Central value Vs =13TeV, 140 fb~! o - 85% CL limits = Righthanded coupling (|, ¢,) -
4 95% CL interval A=1TeV 3 gl
(] i 3 8 -
CMS PbPb yy - TT | 1 | |
PRL 131 (2023), 151803 ' T 1 »
i 6
o ISR ATLAS PiPb: +—e—— :
| Al
CMS pp yy=1T I—OI—| X 7 Sma”er B
RPPhys 87 (2024), 107801 I .
! CL interval of -
| | |
ATLAS PP+ 1T This result: “.F i i
— '_"40' — I—E’,O ‘ I—I20I — I—I]_UI — {3 ‘]_IOI — I2I{JI — I3I0 0 i | 1 1 1 1 | 1 1 1 | 1 1 1 1 |
Cry 1.5 2 2.5 3

LHC constraints ona interpreted as constraints onc:,

using EFT assuming no new physics at low mass scale

Z' mass [TeV]
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Analyses presented in this talk

No new physics observed in recent searches using leptons in ATLAS.

Searches forvector -like leptons Searches forvector -like leptons High-mass® ‘analysis
coupling to 1st and 2"d generation coupling to 39 generation (arXiv:2503.19839
leptons (arxXiv:2411.07143 fermions (arxiv:2503.22587)
Limits up t0 1.27 TeV (400 GeYset on ExcludesVLLwith Excludesleptoquarks with 0 LLIJ] LBNI¢QP
mass of VLL in doublet (singlet) models u W WeNMLW] Ve depending on coupling strength
— _
—~—

Models favored by recent CMS excesses in
search for VLLs and leptoguarks are excluded

Analyses are statistically limited and will benefit fromincreased statistics and new analysis ideas in Run -3
T stay tuned for more results soon!
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(Backup) CMS Leptoquark excess

JHEP 05 (2024) 31

At higher masses and coupling strengths, excess with = 2.8 (local) observed (computed using ratio of
profile likelihood of bkg-only fit to fit with signal strength as free parameter)
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(Backup) CMS VLL excess Phys. Lett. B 846 (2023) 13771

q L q N qs3 ds3
U ls U bs
/7% 7 %
SearchforpaitG|l YT e HIJT Wé x x WRUMMh MOEZNKIWG YT B b t

Observed data show excesses in highest DNN bins for both' 1,4 and 2-' ,,,channels. No excess in channel
with lowest sensitivity (0" 1,59)

At a 600 GeV mass point, the+b model is preferred over the backgrounebnly model at a level of 2.8 .

- § N ') [ O —— -] L A
8 L CMS  Data I Multijet 2 L CMS ; pata [ Multijet
_,3600—2073 B tt (misid.t) [ ttbb 1 £ sol 2018 W ttX M ttbb 1 Tau VLL production Final
o I  t B ttX i o 90 Bt M tt (misid. 1) inlici
: 2 Totaluncert { G | 7 Total uncert multiplicity + decay mode stz%te
i 1 - - EE — b(tv, )b(tv,) 4b+4j+2v,
400+ 1t sl 21 ] 0T EN — b(tv,)t(tv,)  4b +6j+2v,
Signal Reglon - I Signal Region ]| NN — t(tv, )t(tv,)  4b+ 8 +2v,
b-only fit ] i b-only fit ,
. i i EE — b(bt)b(tv,) 4b+2j+ 1+,
200 ] 20 - . . 1t EN — b(tv,)t(bt) 4b+4j+ 71+,
i y EN — b(bt)t(tv,) 4b+4j+T+v,
NN — t(bt)t(tv,) 4b+6j+ 7+ v,
- B — - | EE — b(b7)b(bT) 4b 427
E £ 2T EN — b(b7)t(br)  4b+2j+27
D 10wAN ///W ///WWW ® 10 %//////////////////////// NN — t(bt)t(bt)  4b +4j+27
] ©
S %% 01020304 05 0.6 0.7 0.8 0.9 1 S 0% 01020304 0506070809 1
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(Backup) VLL to*tland 29generation: Analysis regions

Control
Regions
4071 CR
20SSF; Nies > 0
32IntC/MatC CRs 32VV+ttZ CR
epp
Niets > 0; Ny jets = 0 Njets 21 Nb—jets >0
MatC or IntC
28HFe/p CRs 228tW CR
158 pair 1SS pair
Niets = 2, Npjets =1 Niets = 2, Npjets = 2

Signal

Regions

0Zor 12

32 SRs

3 DNN classes
>1 0SSF; Nigs > 1

Correction
Regions
38wz
Njets P Nb-jets =0
201t 202
1 0SOF; Nigs > 2 10SSF; Nty > 2
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(Backup) VLL to*tland 29generation: Results

Submitted to JHEP
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(Backup) VLL to®generation: Trigger strategy Submitted to EPJC
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NN consist of two hidden dense layers with 35 nodes each and an output layer with two nodes
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Highmass' | .4 naq: New physics search ATL-PHYSPUB2025-013

This analysis
provides some
of the leading
constraints on
LQ models:
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