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Motivation

* Light charged leptons have a very clean detector signature and are
“easy” to reconstruct and identify.

* ATLAS is adding more and more of analyses with challenging 7 in the
final state.

* There are multiple open questions regarding lepton properties, e.g.
* Which mechanism generates neutrino masses?

* How to explain the flavour dependence of Yukawa coupling strength?

* Recent observations provide some hints on new physics, e.g.

* Lepton Flavour Universality (LFU) violation in B meson decays (
)1
* Muon anomalous magnetic moment (g — 2),, discrepancy (

)
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https://link.springer.com/content/pdf/10.1140/epjc/s10052-020-8156-7.pdf
https://link.springer.com/content/pdf/10.1140/epjc/s10052-020-8156-7.pdf
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.126.141801
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.126.141801

Searches with ATLAS

. With leptons in the final states full Run 2 ATLAS dataset (139 fb-)

(typically isolated, high-pt e, u,t)

Direct searches Indirect searches
* W' search, * General multilepton,
* Vector like 7's * Lepton Flavour Violation (LFV) in

Z boson decays
* Type-lll seesaw (heavy leptons), yS

* Charge/flavour x-sec asymmetry.

* Doubly ChargedHiggstboson
(covered by Christian Weber),

t,b
LQ;iliX
* Leptoquarks. . g VLQM 4 @D 7 @
LQIIII
VLQ mix : e

W
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Searches for heavy gauge bosons

* ATLAS performed searches for the new gauge :
bosons within the Sequential Standard Model (SSM),
which is the flavour-universal benchmark model.

f f + Thad—vis*

* visible decay products, typically one or three
charged pions and up to two neutral pions.

* Past analyses provided upper mass limits of 6 TeV
for the W’ boson and 5.1 TeV for the Z" boson at
95% CL from the:

* [ : W' — £v decay, where|l = e, u;
* [ . Z' = £ decay.

ATLAS-CONF-2021-025

* These results have now been complemented with
analysis of W' — 7v decays:

[ ]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-30/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-08/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-025/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-025/

Search for W' — 7, v decays |

* Only hadronic 7 decay modes that are identified with

(a Fggcg/urrfenlthedural Ne)twork (RNN) are considered g mﬁ:ﬁ‘;;’!}gg ggzggd
~ o O all T aecays). P =) Giner backgroun
* RNN uses calorimeter shower shape and tracking i 10°g
information to suppress background. e |
* Signature of the W — 7v decays: °F. X
* High transverse momentum of 7 decays, % ., Y é‘l
* Large missing transverse momentum, E?“iss. 5 E
Z
O
* Discriminant variable: %103( fm“.gfgvm;”% T ] z
= \2 B (= cosap). g BEE B
: NG con55 2
107 F
* Main backgrounds: ] 12:2 E
* off-shell W — tv (simulation), S
* QCD jets (data-driven), A § ol W”WWW%W///////////M
* Other: W/Z/y* decays, tf, % h 9
single top-quark, V'V. “wpically Tors "+ ipro2a? & 100 e GOV
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Search for W' — 1, v decays |l

1 Apr«<p

* No significant excess over SM prediction
observed.

T T T T T T T
10 ATLAé Preliminary -
3 {s=13TeV, 139 5"
Wi — v 95% CL limits
-e- Observed E
- - Expected 3

+1o

+ 20
"
— Wissm

* Investigated models and thelir

+ 1o
— ATLAS 7v [36.11b

o(pp = W'+ X)x B(W' — 7v) [pb]

corresponding limits: 102 PR 120 e 6160 -
* Sequential Standard Model (SSM): CE i
Heavy W’ bosons with masses up to 5.0 "°F o
TeV are excluded at 95% CL (SSM 50 a0 4000 e h
assumes the same couplings as for SM W ’ S
boson). t: T M

3 ATLAS Preliminary | (i<

* Non-Universal Gauge Interaction Model I el |

ATLAS v 4
NN ATLAS 7 —
#45: ATLAS ee, uu ]
— Indirect (EWPT)
----- Indirect (LFV)
— - Indirect (CKM)
----- Indirect (Z-pole)
S ATLAS 7v [36.1f67)

PRL 120 (2018) 161802

(NUGIM):

For non-universal couplings, W' bosons are
excluded for masses less than 3.5 — 5.0
TeV, depending on the model parameters.
Values of cot 8y, > 1 enhance the
couplings to the third generation.

1 l 1
6000
m,,. [GeV]

I St
2000 4000

3rd generation coupling strength rises
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-025/

Vector like 7’s |

* Search for Third-Generation Vectorlike Leptons (VLL).

*x L'=(v.,1"), ~equal m, couple only to the 31 gen.

* Production processes:

* pp = v,/ t’ (dominant),
pp =7t andpp - v./D ‘

* Event selection: at least two light leptons,
zero or more hadronic 7's — 7 signal region
q

ATLAS-CONF-2022-044

* Boosted Decisions Tree (BDT) algorithm is ¢ Farsrdmmy o Lpz
used as an event classifier. T UE s BT T
5 [17'(800) pA:|1:'(1000) Y
10 [J7(900)
. . VR SR .
* Signal Regions and BDT scores: R .
Variables | Signal Regions = .
BDT |2€ SSSF, 17 ii‘rSout‘, Im 2¢ OSSF, 17 2¢ OSOF, 1+ 2¢, >27 3¢, >17 4L, >071 1? =
BDT Score >0.15 >0.1 >0.1 >0.1 >-011 >008 >008 o
. - g 14
* Background: dominated by tf, VV and QCD. 2 s r
- : T 3
* MC simulation + fake-factor method. 0403 02 0T 0 07 02 03

BDT Score
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Vector like 7’s |l

ner-<»

* No excess of events above SM expectation.

g ATLAspre"‘minaryV" .Da'ta - ] g 1OG§_ATLA‘SPreIimirl1aryr‘ ,I Data ‘ ﬂ+‘z z
o égl:‘:tj:tTeVJSSfb =\lz’azkes =$rtlrk1)2rsl':1)p J i 105é_§R=st_%\::r1(;r\e/\as139fb -gkes =$,‘,’;‘;;I‘n"’—%
Creieo0) w000 10 mwz o EZets o
D‘E'(QOO) 103 i Uncenainty j '3‘ EI | T T T | T T T | T T T l T T T T T T T 3
& - ATLAS Preliminary -
— 21 - —
= 10%s (s =13 TeV, 139 fb” = |
> F 1 K=
I - VLCI>_ Doublet Model Theory (NLO) 1 B
e 102 9%CL Expected Limit 2 [
st 41 By R W Expected £ 10 B
g T 1§ b 4 T Expected+2c - ]
0.6E B s — 0.6F E o = - .. 3
2155518595 0555 0% 2027 a2 T a2 ¥l eV ot aut a0 7 % C Observed Limit ’ %
, _ L _ 107" R O
signal regions control & validation regions g N
102 3 é
C il <
107°¢
10_4':|' | 1 1 | | | | | | 1 1 1 I 1 1 1 | | | | | 1

200 400 600 800 1000 1200
M. [GeV]

‘ M(z") > 900 (970) GeV observed (expected) @ 95% CL.
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Type-lll seesaw heavy leptons |

* At least one extra fermionic SU(2). triplet predicted by the type-Ill
seesaw mechanism:

N° = Zv, Hu, W5£F
. . + 0
* Pair production of new heavy charged (L) and neutral (N") leptons. L = HE: 705 Wy

* A heavy Majorana neutrino could explain the small masses of SM

neutrinos.
2 leptons in the final state 3 leptons in the final 4 leptons in the final state
[EXOT-2018-33] state [EXOT-2020-02]

[EXOT-2020-02]

arXiv:2202.02039

37
Observables: Hy + EJ" m3’ = | Z Drit+ P -
scalar sum of py of all selected . HT + ET
I__> objects in the event L
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https://arxiv.org/abs/2202.02039
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-33/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2020-02/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2020-02/

* Only light leptons (e, i)
considered in the final states

with democratic scenario
95’6 = 93” = QS’T = 1/3.

* Main backgrounds:

* Reducible: fake/non-prompt
(FNP) leptons,

* Irreducible: diboson (V'V),
rare top (V).

* The measurement is
statistically limited.

Relative Uncertainty [%]

Events

Data / Pred.
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45 ATLAS Uncorrelated: | =
Vs=13TeV, 139 fb’' —— MC Stat. uncertainty | 3
40 . - = Data Stat. uncertainty | —
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https://arxiv.org/abs/2202.02039

Type-lll seesaw heavy leptons Il

* No significant excess over SM prediction observed.

* Most stringent limits on type-Ill seesaw models at LHC:

[ T | T T T T | T T T T T | T T T T | T T T T | T T T T | T T T I_
ATLAS — Obs. limit 2 lep
i — Obs. limit3 +4 1
N Is=13TeV, 139 fb” Exs. fimit 2 + 3 + 4 lep

—Obs. limit2+3+4lep
Exp. limit £1062 +3 +4 lep
Exp. limit £+262 + 3 + 4 lep

— Type-lll seesaw

BN’ L*» e, ,t)=1/3

Limits at 95% CL
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m(N,L% [GeV]

1N
o

m(NY, L*) > 910 (960”:38) GeV observed (expected) @ 95% CL.

2+3+4 leptons
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Model independent 3 or 4-lepton events

final states.

* A search with minimal model dependence of BSM physics aimed to cover wide
range of potential new-physics simultaneously in three- and four-lepton final states.

* 22 signal regions were constructed according to number of the leptons, invariant
mass of the leptons, the missing transverse momentum and the presence of

leptons originating from Z boson decay.

Data vs. prediction

, 2
Vs=13TeV, 139 fb~ =
post-fit SRs 7/ Uncertainty g
3l, on-Z 3l, on-Z 3l, off-Z 41, 0n-Z: 4, on-Z: 4l, off- o
ET*°<50GeV : ET*>50GeV : ET* <50GeV : ET*>50GeV :ET™ < (ET > ot
I 50 GeV : 50 GeV ~
c
k<]
=
3]
o)
@
7]
1)
o
o
[$)
| |
| O
| N
3
2 1.2E s ¢ 1
[ ] 78" I 2
3 o,aE 1 [] ¢ [}
- <t © © <t © © < © < © < < A
E VITXVIGRVYIERIIERYAY AV X
m., [10° GeV]

e
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o

_
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o
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Upper limits (o)

[ 3l,on

-Z

- ATLAS
£ s=13TeV, 139 fb™!

3l, on

-Z

3l, off-Z

3, off-Z

41, on-Z: 4l, on-Z: 4l, off-Z]
| ET™<50GeV: E7*°>50GeV: Ey~ <50GeV: Ef*">50GeV :E7 < (E7™" >

50 GeV:50 GeV

— Observed limit [+ 10 -
Expected limit []+20 3

arXiv:2107.00404

Model specific limits

Model Mass [GeV] | o0 [fb] o2 [fb]
Type-III Seesaw 400 41 7 27
700 2 B 8.8
H* 300 018 ¥ 012
500 0.16 87 011

3¢ and 47 final states considered,
where £ = e, u.
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https://arxiv.org/abs/2107.00404

Lepton Flavour Violation in Z decays

* Lepton Flavour Violation (LFV) is extremely rare within the SM:
* e.g. possible through neutrino oscillations with B(Z — eu) < ~ 1074

* excellent probe of new physics — deviation would immediately indicate
new physics,

* very small signal in a huge background.

* ATLAS analyses have been published recently:

*x £/ — et andZ — ut: | | hadronic 7 decays results and
| | leptonic ones,
* /£ — eu. | .

* Machine learning methods have been used to discriminate between
signal and background.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-36/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2020-28/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-35/

LFVin Z - er and Z — ur decays |

* Previous search for Z boson LFV decays involving 7 leptons done with 7 decaying
hadronically | I:

* B(Z — ety ;) < 81x107%and B(Z — put,,,) <9.5x 107°.

* ... were complemented with inclusion of leptonically decaying 7, which significantly
improved the sensitivity reach for the Z — £t decays | .

* Signal signature Z — £*¢F + 2u:

* two light charged leptons (different flavour + opposite charge)
and two neutrinos,

* Invariant mass of the final state close to the Z boson mass,

arXiv:2105.12491

* two leptons emitted approximately back-to-back,

* T is typically boosted — two neutrinos collinear with the light lepton
from the 7 decay.

* Main backgrounds:
* lepton flavor conserving Z — 1t — €' + 4v,

* tt, V'V, Higgs production,

% small contribution of Z — £¢ with flavour of one £ being misidentified. background
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-36/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2020-28/
https://arxiv.org/abs/2105.12491

LFVinZ — erand Z — ur decays Il

Observed and best-fit predicted distributions in the SRs

* Signal was optimised using

L e

Y [ ‘ ‘ & 25007 ‘
S 3500F 7ATLAS o Eal‘(a oot =) ATLAS . 'E’ :( oot
d | t k . 2 £ fs-13Tev, a0 " e S [ f5=13TeV, 139 fo" ake lepton
~ Mz« ~ Mz«
e e p n e U ra n e WO r . _% 3000 Low-p_SR, er, -i);q"uark % 2000 Low-p_SR, ur, m i.;thluark
) .. ) @ 2500/ o E o | Hogs H
* [t was individually trained : 2 er oo | 1500]
2000 s bl C el
: E i) sl 5
on maliln baCkg I’OUﬂdS 1500 cone™: 1000

Z -zt tf; VV. - s s

B . 500
Ce_m
L]

500

= = —
; 125?‘ 5 122(3)““ 2
* Search is dominated by L5 TRV UNRURRI B S TSRO B
the statistical uncertainty. g068;:31“‘a‘z“‘a‘s"5‘4"a‘s“a‘e”a‘;“a‘e“‘a‘é g058;:;‘1‘”b‘z‘”b‘é"6‘4"6‘5”6‘6”6‘7‘”6‘8‘”6‘; Lo
Combined NN output Combined NN output —
N
C 7 — et — e v Z — ut — j evv 2
* Upper limits improved and X
are now by a factor of 2
better compared to LEP
limits
LFV Z decay | previous UL | only 7, decays UL | new combined UL
B(Z — er) 9.8 x 107 [OPAL) 7.0 x 1076 5.0 x 1076
B(Z — ur) | 12 x 107 [DELPHI] 7.2x 1076 6.5 x 1076

@ 95% CL
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LFV in Z - eu decays

nepr«<»

* Search for a Z — ey peak in the m,,, invariant
mass distribution.

T T T T
| ATLAS

- {s=13 TeV, 139 fb’
| Post-Fit

o Data BDT threshold  §

Events / 0.04

* Main backgrounds: estimated from MC

* L =TT > ey,

* Z — pp with u misidentified as an electron, g W -
* tT — euvibb and WW — euvi. S s e s S
flat polynomial fit - g
, © 20005 471 A5 E
* Analysis strategy: 100 s ray, ot e e N
: 5 14007 T E =
. . . > T qursonam 3 P
* Veto events with high-pr jets and large E7", G 12002 T .
. — . 800/ =
* Further signal optimisation and background 383i E
rejection by BDT and b-veto. 200 Wi SO
_ 0 ?"‘f“"1'<"-' rade
o 1.2
>~ 1LE
. . . . . . . g 1oe®, P ¢*§“ **+++ +++ +++ ++++§
* Analysis is statistically limited both in data B ' H i
and Simu|ation_ O';o 75 80 85 90 95 1oom1o[5GeHo

RB(Z — ep) < 2.62 (2.37) x 10~/ observed (expected) @ 95% CL.
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Search for e~ to e ™ asymmetry |

* Novel search at ATLAS compares production cross-sections for ey~ and e u
pairs to constrain BSM physics processes [EXO [-2018-29].

* Standard Model predicts the ratio to be 1, but several BSM theories predict p to be
significantly greater than one:

* models with
SRS A o(pp = e'u” +X) 3
% scalar Ielotoql_Jark with couplings permitting c(pp = e—ut + X) 2
S| = ue ,cu”. o
oN
—
—
* Signal regions designed to address these scenarios: X
. X
A. High E7" ( and ) B. High jet multiplicity (SR-JET and SR-LQ) |
Ty " oo
L 0 “ 51 "<
t v X1 l' c
¢ et "
ool g .
observable: . .
My, = min max (mye, @), mp(u, b)) observable: Hp = | p7| + | p%| + | P}
T+ b =ppiss
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-29/
https://arxiv.org/abs/2112.08090

\\\\\\\\\\\\\\\\\
T

+,,— — T A
Searchfore™u toe u" asymmetry i !
* Experimental effects bias the measured ratio (p) e N |
downwards, e.g. mis-ID e vs. p, s(Wj) > a(WTj) — & e -0
analysis is searching for positive deviations of p. : }
O T
* Analysis is almost completely data-driven (mis-I1D W |

leptons, detector effects in muon reconstruction).

1-sided p-value
090000
WA o

i i ' : csassgsi¥. z23zgaxq o
* Data is consistent with the SM hypothesis, so upper EEERRREN R RN &
limits on and models are set. =
~N
oo( ) t(—>evb)withd',, =1 pp — e uc, via scalar leptoquark S :
B (opi)+ = — e uNC, Vi u ;
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L ] o B HERA, Phys. Lett. B 701 (2011) 20-30]

- . 0-2:' ATLAS JHEP10(2020) 112 =

Tl 1 I 11| I 11 1 | 11 1 1 11 1 | | - I: ||||||||||| T 1 | e . . | ool b by 1

00 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
m(f,) [GeV] m(S,) [GeV]

P Andrej Gorisek CIPANP 2022 — New physics with leptons @ ATLAS 18 33: IJS


https://arxiv.org/abs/2112.08090

Leptoquarks |

* Good candidates to explain observed
B—anomalies and (g — 2), prediction-

measurement discrepancy.

* Search for scalar and vector leptoquarks
singly-produced or pair-produced with
the ATLAS detector

) ¢ LQS — bThad/leep ...t Thad
(4/3¢, 3B+ L = — 2)

x LO"DLO™YD — 1ubt[1¢by

(s:—1/3e, s &v:2/3e, € =e,u)

*x LOY LOY. — tftf
(—=1/3e, £ = e, )

p

-

LC}HHX
: VLQmix \
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-009/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-037/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-052/

Leptoquarks Il

l apr-A»

* Event selections: R L e
* lepton+7 or 77, opposite charge, > 1 b-jets... § a ‘ _H:
: :

* MET trigger, > 4 jets, > 1 b-jets § : _ ;

* Single and di-lepton triggers, > 2 jets, > 1 b-jets T — .

S | T

* Main backgrounds:

};"’ = ‘[A_TLAS Pre[inlwinar)(

+ : T oaF Vs=13TeV, 139 fo"

* It, single t, fake 7 a *°F uam
& %7 —wa 5 e

H ” H ' F —uv Qx::—»tv
* W + jets, tt, single t 7 2%F TuaE e
=, 05 —LQ;, —tvibu
- - 2 9 F —Lal, —tvbe
* ttW, ttZ, VV, non-prompt £ I
oQ E
0-2;_ — Observed Limit

mix

0.1 ; ----Expected Limit

* No significant excess above SM I
predictions

LO"DL0"D s tyblitby

\Q :?FE ;fx 0.9
§ ‘g ‘gﬁ 08
* The limits for masses excluded set 1

bbb b b b o b b

. . = 05
<
fo r d Iﬂ:e re nt d ecC ay scenarios, 3 ATLAS  Preliminary o4 ATLAS  Preliminary
. . . q Vs=13TeV, 139 fb" E 0.3 Vs=13TeV, 1?9 b
branching ratios and coupling 2 muasm-toma-w 3, 00w+
t th S L
stren g S ~ 1800700 7200 13007400 7500 1600 1700 7800 1900 200 1000 1100 12007300 7400 1500 7600 1700 1800 7500 2000

ATLAS-CONF-2022-037 § ATLAS-CONF-2022-009 § ATLAS-CONF-2022-052

mLQ:m [GeV] mLO‘l‘, [GeV]
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Summary

* No evidence was found
yet) looking at many final
states containing leptons.

* The lower/upper limits are
still improving with more
and more data being
available and new analysis
techniques developed.

* We are all excited to see
new fresh 'Run 3' data
being already recorded!

ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits

ner«-p»

ATLAS Preliminary

Status: March 2022 JL£dt=(3.6-139) fb! Vs=8,13TeV
Model Cy Jetst ET™ [rdt[i] Limit Reference
—TTT T — T T — T —
£ ADD Gk +g/q Oepty 1-4j Yes 139 |Mp =2 210210874
S ADD non-resonant yy 2y - - 367 [Ms n=3HLZNLO 1707.04147
2 ADDQBH - 2j - 370 My 6 1703.09127
S ADD BH multijet - >3] - 36 | Ma Mp = 3TeV, rot BH 151202586
£ RSI G-y 2y - - 139 | Gk mass 45TeV k/Mp =01 2102.13405
S Bulk RS Gk —» WW/2Z multi-channel 361 | Gux mass 2.3 TeV k/Mp = 1.0 1808.02380
8 BukRS Gkk » WV - (vqq 2j/1J  Yes 139 | Gykmass 2.0TeV /Mp =10 200414636
& BukRS g -t leu >1b2102) Yes 361 |@xmass 3.8TeV r/m=15% 1804.10823
2UED / RPP lep 22b23] Yes 361 |KKmass 1.8 TeV. Tier (1,1), BAMD - tt) = 1 1803.09678
SSM Z' — ¢t 2en - - 139 | 2" mass 5.1 Tev 1903.06248
@ SM 2’ — rr 27 - - 361 [Zmass 2.42 TeV 1709.07242
< Leptophobic Z’ — bb - 2b - 36.1 Z' mass 2.1TeV 1805.09299
@ Leptophobic Z' — tt Oep  21b>2J Yes 139 |2 mass 4.1 TeV. r/m=1. 2005.05138
8  ssMW oo Ten - Yes 139 | W’mass 6.0 TeV 1906.05609
© SSM W’ — 1v 1 - Yes 139 W’ mass 5.0 TeV ATLAS-CONF-2021-025
g’ SSM W’ — tb - >1b,>1J - 139 W’ mass 4.4TeV ATLAS-CONF-2021-043
& | HVT W' - WZ - (vggmodel B 1 e.u 2j/1J  Yes 139 | W’mass, 4.3TeV av=3 2004.14636
S HVTW - WZ - v modelC 3eu  2j(VBF) Yes 139 | W’mass 340 GeV sven=1g =0 ATLAS-CONF-2022-005
HVT W’ — WH model B Oep  >1b,22J 139 [ W’ mass 3.2TeV av 200705293
LRSM Wg — uNg 2u 1J - 80 | Wg mass 5.0 TeV. m(Ng) = 0.5 TeV, g = gg 1904.12679
Clqqqq - 2] - 370 [A 21.8TeV 1, 1703.09127
Clitqq 2eu - - 139 [A 358TeV. i, 2006.12946
Cl eebs 2e 1b - 139 |A 1.8 TeV g =1 2105.13847
Cluubs 2u 1b - 139 |A 20TeV. g =1 2105.13847
Cl ettt teu  21b21j Yes 361 |A 257 TeV. 1Cail = 4n 1811.02305
Axial-vector med. (DiracDM) ~ Oe,u, 7,y 1-4)  Yes 139 | 2.1TeV 84025, g,=1, m(x)=1 GeV' 210210874
S Ppseudo-scalarmed. (DiracDM) O ey,7,y  1-4]  Yes 139 | Mies 376 GeV Zo=1, g=1, m(x)=1 GeV 210210874
Q  Vector med. Z/-2HDM (Dirac DM) 0 e, 2b  Yes 139 | e 3.1Tev. tanp=1, m(x)=100 GeV 2108.13391
Pseudo-scalar med. 2HDM+a Iti-channel 139 | Mimes 560 GeV tanp=1, m(x)=10 GeV ATLAS-CONF-2021-036
Scalar LQ 1* gen 2e 22 Yes 139 |LQmass 1.8 TeV. B=1 2006.05872
Scalar LQ 2 gen 2u 22]  Yes 139 |LQmass 1.7 TeV p=1 2006.05872
G  ScalarLQ3" gen 1T 2b  Yes 139 |LQymass 1.2TeV BLQY — br) =1 2108.07665
= ScalarLQ 3" gen Oe  >2,>2b Yes 139 |LQimass 1.24 TeV BLQY — tv) =1 2004.14060
Scalar [Q 3" gen >2ep>1t21,21b - 139 |LOdmass 1.43TeV BLQY - tr) =1 210111582
Scalar LQ 3 gen Oe,2170-2j,2b Yes 139 LO% mass 1.26 TeV BLQE - br) = 1 210112527
Vector LQ 3" gen 17 2b Yes 139 | L@y mass 1.77 TeV B(LQY — br) = 0.5, Y-M coupl. 2108.07665
VLQ TT - Zt + X 2e/2u/23ep 210, 21]  ~ 139 [Timass 1.4TeV SU(2) doublet ATLAS-CONF-2021-024
9 VIQBB - WyZb+ X multi-channel 36.1 | Bmass 1.34 TeV SU(2) doublet
@ VLQTssTsnlTss > Wit X 2(SS)z3eu>1b>21j Yes 361 T3 mass 1.64 TeV B(Toys — W)= 1, (T W)= 1 1807.11883
f 2 VLT > HyZt lep 21b23] Yes 139 | T mass 1.8 TeV. SU(2) singlet, k7= 0.5 ATLAS-CONF-2021-040
VLQ Y - Wb lepu 21b21j Yes 361 |Ymass 1.85 TeV B(Y = Wh)=1, cp(Wb)=1 1812.07343
VLQ B — Hb Oep =>2b >1j,>10 — 139 B mass 2.0Tev SU(2) doublet, kg= 0.3 ATLAS-CONF-2021-018
g g Excited quark ¢* — qg - 2j - 139 q* mass 6.7 TeV only u” and d". 1910.08447
20 Excited quark ¢* — gy 1y 1j - 36.7 q* mass 5.3TeV only u” and d". 1709.10440
S E Excitedquark b" — bg - 1b1] - 361 |b*mass 26 TeV 1805.09299
Excited lepton v* 3eput - - 203 A=16TeV 1411.2921
Type Ill Seesaw 234eu 22 Yes 139 |NOmass 910 GeV 2202.02039
LRSM Majorana v 2j - 36.1 [ Ng mass 32TeV m(Wg) = 4.1TeV, g = gr 1809.11105
o+ Higgstriplet H** — W*W* 234 e,4(SS) various  Yes 139 | H mass 350 GeV DY production 210111961
S Higgstriplet H** — ¢ 234eu(SS) - - 139 | He* mass 1.08 TeV DY production ATLAS-CONF-2022-010
& Higas uiplet HH . (r et - _ 203 DY production, B(H;* — fr) = 1 1411.2921
Multi-charged particles - - - 36.1 multi-charged particle mass 1.22 TeV DY production, || = 5e 1812.03673
Magnetic monopoles - — — 34.4 | monopole mass 2.37 TeV DY production, |g] = 1gp, spin 1/2 1905.10130
VE=13TeV | Vs=13TeV L L
partial data | [EEUIREIS 10 1 10 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown.

tSmall-radius (large-radius) jets are denoted by the letter j (J)
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Backup
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Doubly charged Higgs |

* Searching for H** pair production in all lepton flavour and
charge combinations: H** — £#*¢=, ¢, =e, u, 1.

* Left-Right Symmetric Model (LRSM) within type-
seesaw mechanism: two chiralities H; and Hy ™ (different

production cross-section due to different coupling to Z).

* Type-ll seesaw mechanism: arguably simplest known z
way to account for the smallness of the neutrino masses.

* Lepton-Flavour Violation is allowed. ey

BR(H'")

* Three possible H** decay modes: | ]
10 ¢ E
* leptonic: H¥* — ¢7*¢=, AM=540 MeV

* bosonic: H** — W*W*,

M,**=300 GeV
* mixed: H¥* - H*W*.
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* The value of the free model parameter vy — 0 GeV: 107 / e \

- -3 -2
exclude decays to bosons. 10 0 e
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Doubly charged Higgs |l

* Only light leptons (e, i) considered
in the final states with democratic
scenario:

Boo=Boy= Boo=B,, = RB,. =B, = 1/6.

et U Ut (1

40 T T T T T T T T T T T T
Preliminai ary ! ! Uncorrelated: ! !
TeV, 139 fo" | ' —— MC Stat. uncertainty .
' ' -- certainty |

Relative Uncertainty [%]

* Analysis signature: prompt,
isolated, same-charge, high-p;
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Iepton pairs Control regio Validation regions Signal regiol
* Main backgrounds:

* Reducible: fake/non-prompt (FNP)
leptons,

* Irreducible: diboson (V'V), Drell-Yan.

1
& CEpTr e
T 08 £ ; e ¥
806 - I ‘
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* The measurement is statistically S AT

limited.
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Doubly charged Higgs Il

* No significant excess, H; = with masses below 1010 GeV and

ﬁi with masses below 880 GeV are excluded at 95% CL.

* Can be interpreted in multiple models.

L B B L L I I
__ATLAS Preliminary  ---- Expected 95% CL limit _|
s /s =13 TeV, 139 fb™ Expected limit = 1o

Expected limit + 20
— Observed 95% CL limit
—— Doubly charged Higgs
= o(pp =~ H"H)
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5, B(H™ — F1%) = 100%

Total cross-section [fb]

—h
<
III|_L

o
—
i
o~
o~
o
o
"
Z
@)
i
7))
<
i
|_
<

400 500 600 700 800 900 1000 1100 1200 1300
m(H™) [GeV]

m(H**) > 1080 (1040*2) GeV observed (expected) @ 95% CL.

observed combined lower limit
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