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Introduction

e SMisavery successful theoretical framework
— Still many open questions
e Answers might be in new physics related to
the leptonic sector, e.g. for neutrino masses
(via Type-lll seesaw mechanism)
e Ontopof that recent hints of discrepancies with SM:
e.g.in B-meson decays and (g—2)lJ anomaly
or R(K*) (See Alexander Mann'’s talk here)
e Explanation may be found in:

Supersymmetry, Leptoquarks, new gauge bosons, Heavy Leptons, ...

e ATLAS wide search program for such scenarios:
o  Search for charge flavour symmetry violation
o Lepton Flavor violating Z decays
o  Searches for new heavy gauge bosons
o Searches for Heavy Leptons
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Measurement of the ratio e’y /e’

Novel data-driven analysis, attempts to measure the ratio [ATLAS-CONF-2021-045]:

_o(pp—etu +X)

P=pp > e +X)

p=1— Standard Model

Taking into consideration detector
and experimental effects — p<1

Analysis used several Signal Regions, sensitive to:
a) high missing E. (SR-MET), e.g. R-parity violating SUSY|
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Measurement of the ratio e’y /e’ ATLAS-CONF-2021-045
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EXOT-2020-28, EXOT-2018-36 ,ATLAS-CONF-2021-042

Lepton Flavor Violation

e Lepton symmetry is an accidental symmetry of SM
e Observation of LFV — clear indication of new physics
e.g. SM probability ~10>* while Heavy Neutrino theories increase it to ~107
e SearchesforZ — ¥’ ({=e,u)andin particular:
o  Z — {1 (hadronic+leptonic 1-decays) [EXOT-2020-28, EXOT-2018-36]
o Z—ed[ATLAS-CONF-2021-042]
e Machine Learning methods to discriminate signal - background
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Lepton Flavor Violation (Z —01)

Data / pred.

e Signal searched in NN output
e Dominant backgrounds:Z — 11. Fake background
e Largestimpact on B uncertainty: statistical uncertainties
e Result (Run 1+ Run 2):
B(Z — e1) < 5.0 x 108 ( DELPHI :12.0 x 1076)
B(Z > ur)<6.5%x10°¢ (OPAL : 9.8x107¢)
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Lepton Flavor Violation (Z — ep) ATLAS-CONF-2021-042
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Search for heavy gauge bosons (1v) ATLAS-CONF-2021-025

e New heavy gauge bosons appear in extensions of SM
e Benchmark model : Sequential Standard Model (SSM) — Same couplings to fermions as the SM
e Searches for new bosons decaying to leptons:

o W'y (f=e, p) [EXOT-2018-30]
o Z - [EXOT-2018-08]

have been performed and exclude SSM boson masses below 6 TeV (W') and 5.1 TeV (Z')

e New results in searching for W' — 1v [ATLAS-CONF-2021-025]

e Searchesin 3rd generation final states:
interesting for explaining B-meson anomalies or high mass of top quark
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Search for heavy gauge bosons (1v) ATLAS-CONF-2021-025
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Search for heavy gauge bosons (1v)

Model Interpretations

— Sequential Standard Model (SSM) :
same couplings to fermions as SM

— Non-Universal Gauge Interaction Models (NUGIM) :
Enhanced coupling to 3rd generation ~ cot,,

(possible links to LFV or high-mass of the top quark)

Exclude W' up to 5 TeV (SSM) and 3.5-5 TeV (NUGIM)
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Search for Heavy Leptons EXOT-2018-33, ATLAS-CONF-2021-023

e Searches for Heavy Leptons (HL) in multilepton channel (combined):
o  2leptons [EXOT-2018-33]

e Linked to light mass of neutrino (Seesaw mechanism) and muon g-2 anomaly (Vector-like Leptons)

11
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Search for Heavy Leptons

Total cross-section [fb]

10?

Search performed in various Signal Regions
to capture the different event topologies of
the various decays

— Dominant uncertainty from data statistics
Interpretation : Type-lll seesaw

Exclude HL masses below 910 GeV @95% C.L.

Most stringent limits

— Obs. limit 2 lep
— Obs. limit 3 + 4 lep

--Exp. limit2 + 3 + 4 lep
— Obs. limit2 + 3 + 4 lep
mm Exp. limit + 1o

Exp. limit + 26

— Type-lll seesaw
BN, L* > e,p,1)=1/3

= ATLAS Preliminary
S Vs=13TeV, 139 fb”
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Model independent multilepton searches EXQT-2019-36

. . . 6
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Summary

e Recentdiscrepancies between SM and observations make
searches for new physics in leptonic final states ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits ATLAS Preiiminary

Status: July 2021 [£dt = (36-139) fb! V5=8,13TeV
i nte resti n g Model L,y Jetst Efi“ JL o) Limit : Reference
ADD Gyx + £/9 Oeuty 1-4j Yes 139 = 2102.10874
ADD non-resonant yy 2y - - 367 1707.04147
QB - 2j = 37.0 1703.09127
ADD BH multijet o 23j - 36 My = 3TeV, rot BH 1512.02586
RS1 Gkk — vy 2y - - 139 - § 210213405
Bulk RS Gkx — WW/ZZ ‘multi-channel 36.1 1808.02380
. Bulk RS Gyx — WV — fvqq Ten 2j/14d Yes 139 2004.14636
e ATLAS performs a wide search for such phenomena iy S Wiaa ey |
SSM Z' - £t 2eu - - 139 1903.06248
H H B Coplopnabie 7/ bb BT 150500299
— best worldwide constraints on LFV Z decays with T
cvlifingid tee Iow i ATLAS-CONF-2021-025
ian limi Al SYDRSSS VI oo
— large exclusion limits on new gauge bosons and el et oy, D 2
HVTW’AWHmndsiE De,u 21b,22J 139 & =3
LRSM Wy — uNg 2pu 1J - 80 m(Ng) = 05TeV, g = gr 1904.12679
heavy leptons e e 2R B e . | i
Cl eebs 2e 1b - 139 2105.13847
Clupbs 2u 1b - 139 210513847
Cl ettt 21epn 21b,21) Yes 36.1 1811.02305
\xial-vector med. (Dirac DM) Oepty 1-4j Yes 139 1 GeV 2102.10874
Pseudo-scalar med. (Dirac DM) O e, )A 7y 1-4] Yes 139 GeV

°

Vector med. Z'-2HDM (Dirac DM) 8, ma)=f00Go | ATLAS.CONE 2021005

>

. . o 0 Pseudo-scalar med. 2HDM+a  multi- channe\ 139 tang: )=10GeV ATLAS-CONF-2021-036
L] Improvements expected by the increased luminosities T T .
p p y Scalar LQ 1% gen 2e Yes 139 B=1 2006.05872
Scalar LQ 2" gen 2u Yes 139 =1 2006.05872
- . . Scalar LQ 3" gen 17 Yes 139 B(LQY = br) =1 ATLAS-CONF-2021-008
Scalar LQ 3 gen Oep 22 Yes 139 BLQY = tv) = 1 2004.14060
coming wi € pos un- ata collection a Sealar LG 37 gon speplr o ab o 1% o 20111300
Scalar LQ 3¢ gen Oe 217 0-2j,2b Yes 139 B(LQI - bv) =1 2101.12527
VLQTT = Zt + X 26/2;4/23(,)4 21b21j - 139 SU(2) doublet ATLAS-CONF-2021-024
VLQ BB — Wt/Zb+ X multi-channel 36.1 SU(2) doublet 1808.02343
VLQ Ts3Tsps| Tz — We + X 2(8S)/28epu>1b>1] Yes 361 B(Toys — W)= 1, ¢ TosWe)= 1 1807.11883
VLQ T - Ht/Zt Teyu 21b23] Yes 139 SU(2) singlet, kr=0.5 ATLAS-CONF-2021-040
VLa Y - Wh Tew >1b>1] Yes 361 B(Y — Wo)=1, ca(Wh)= 1 12,0734
. oo, o VLQ B — Hb Oeu 220 21j, 210 - 139 SU(2) doublet, kg=0.3 ATLAS-CONF-2021-018
e New possibilities to look for new models and final s oy ®
Excited quark ¢* — qy g 1j - 367 unly uandd', A= m(q" 1709.10440
Excited quark b* — bg - 1b1j - 36.1 1805.09299
Excited lepton ¢ 3equ e - 203 A=30TeV 14112021
States Excited lepton »* Fet - - 203 A=tony 1ineee
Type lll Seesaw 234equ  22]  Yes 139 ATLAS-CONF-2021-023
LRSM Majorana v 2u 2j = 36.1 m(We) = 8.1TeV, g = gr 1809.11105
Higgs triplet H** — W*W* 234 e, (SS) various  Yes 139 DY productic 2101.11961
Higgs triplet H** — £¢ 23,4 e, (SS) - 36.1 171009748
Higgs triplet H** — ¢ Beut - - 203 B (1) =1 1411.2921
Multi-charged particles - - - 36.1 ‘multi-charged particle mass. = lql = 5e. 1812.03673
Magnetic monopoles . = 344 | monopolemass. ¢l — 180, 5pin 172 1905.10130
partial 10 1 10 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown.
‘Small-radius (large-radius) jets are denoted by the letter j (J).

ATL-PHYS-PUB-2021-033
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bstf contact interactions
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. . v +
without b-jet and same-flavor leptons w15 = ]K+ B+{ . Az a }K+
in the final state [EXOT-2018-16] : - u T | .
a C
e Various Signal Regions by scanning a
cut on minimum m,, (>400 GeV) and
counting events above this threshold
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bstlf contact interactions results

e Nosignificant excess observed
— Derivation of limits on visible
cross section and \/g, :
(A\/g.) e 2.4TeV
(Ng.), >2.0TeV

e /\/g.limits still lower than prediction
that resolves B-meson anomalies
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Z— b1 (distributions)
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Z— It (Neural Network)
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Z— bt (selection)

Selection criterion

Purpose

Exactly two isolated light leptons (£, £1) with opposite electric
charge and different flavor (e or u); pr(€y) > pr(€1)

Select events consistent with signal
decays.

NO Thad-vis candidate

Orthogonality with {1y,,q channel.

Transverse mass' mp((1, ET™) < 35 GeV
|A¢(€o, EX™)| > 1rad
No b-tagged jets (using the 77% efficiency working point )

Reject top-quark and diboson events.

Invariant mass of the £y—; pair m(£y, €1) > 40 GeV

Reject events incompatible with Z-
boson decays.

Neural network (optimized for signal vs. Z — 71) output > 0.2

Ensure selection is orthogonal to the
CRZt1 region.

In ut. channel: ptTraCK(e) / p%l‘mer (e) < 1.1

Reject Z — uu events.
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Search for heavy gauge bosons (W' — 1v)

Preselection

EMSS trigoer
Event cleaning
Thad-vis tracks
Thad-vis charge
Thad-vis PT

leadTrack
Thad-vis PT

Lepton veto
Ad’(Thad—vis P, E’IIT‘USS)

70,90, 110 GeV
applied
lor3
+1

> 30 GeV

> 10 GeV
applied

> 2.4 rad

Region requirements

o(pp — 7+ ET™° + X)x Ax € [pb]

SR CR1 CR2 CR3 VR
Tau identification L VL\ L L VL \ L L
EFS > 150 GeV > 150 GeV < 100 GeV <100 GeV > 150 GeV
po/BE® €07, 18] €[07,18] - - £ 0t
mrp ~ - — — > 240 GeV
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Measurement of charge asymmetry

Jet multiplicity

0 06 1 H, [TeV]
if ng,pT(jz) < 200 GeV

=1

200 S mer(l, piiss) [GeV]
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Summary

Late discrepancies between SM and
observations make searches for new

Physics in leptonic final states interesting
ATLAS performs a wide search for such

phenomena

231

U e, (- o), for scalar leptoquark S,

100

50

i ouT)+t(>evbwitha, =1
T T T

ATLAS Preliminary === Expected Limit (+1,,,)
Vs=13TeV, 139 b —— Observed Limit

[ All limits at 95% CL

L ‘ m@)=m()

z)

excluded

B)s,

Mg

not excluded

e b b Lo

I S I |
100 200 300 400

BN A | i
500 600 700 800 900

mi(i,) [GeV]

) T 7
= ATLAS i
x 10} s=13TeV, 1391b" 3
k=} \ =
& g Xl E
1 |
107!
1 072 —— Observed limit at I'/m = 10%

+ Expected limit at I/m = 10%
r/m =3% == I/m=0%

— Zgq model

M -
1000

PR I R R R
2000 3000 4000 5000

6000
m, [GeV]

=)

o'

S(Pp-Wh) [pb]

102

T T T
ATLAS Preliminary
Vs=13TeV, 139 fb
Limits at 95% CL

T T
— Obs. limit 2 lep
— Obs. limit 3 + 4 lep
---Exp. limit 2 + 3 + 4 lep
— Obs. limit 2 + 3 + 4 lep
o Exp. limit £

Exp. limit + 26
— Type-lll seesaw
BN, L* > e,pu,1)=1/3

[

Lol

Total cross-section [fb]

vis:
o
S

95% CL cross-section (o) limit [fo]

ET* <50 GeV : ET™>50GeV :

— Observed limit [+ 1o

------ Expected limit [ ]+ 20
3, off-Z 3, off-Z 141, on-Z:4l, on-Z:4, off-

ET* <50 GeV: E7™>50GeV E7 ™ < (E7%> !

150 GeV:50 GeV:

3l, 0n-Z 3l,on-Z

v b b b b e b b a ey

6
m(W’) [TeV]

2000 4000 6000

my, [GeV]

108 E T
E = o H iz} -.- =
- 0. - = .
1= o i i
E 1 1 Il 1 i 1 1 0.01 1 1 1 i 1 1 1 1 ] ] ] 1 1 1 1 1 1 1 1 1 1
400 500 600 700 800 900 1000 1100 1200 Y IRV VISRVYISRVRTIRTY
m(N,L*) [GeV] m,,, [10° GeV]
3 -7
E B(Z — ep) 3.04x10
3 -6
; B(Z — eT) 5.0x10
ATLAS Preliminary
Vs=13TeV, 139" 6
All limits at 95% CL = —
=== Expected Limit (+16,,) 3 $(Z —> “T) 6.5 X 10
Observed Limit 3
W ATLAS arXivi2006.05872
@ HERA arXiv:1103.4938 E
e 2 — ——T
1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 < I 1
m(S) [GeV] 8 ATLAS Prelminary
fs=13TeV, 139 4 . qp ‘ . ; ; —
Wyt 9% CLImits | £, E
;H|v~v.vA.T.qu.sv.v.,,.,.,....,.,..E n e . ATLAS . —Observed E
E - - Expected limit | [0 ATLAS o 1 © 102 (s=13Tev, 139" ... Expected E
= W’ 1? TeV, 1391 B xpocred 1o N ATLAS 0 - Limits at 95% CL W tio E
;5“\/] CL N 7% ATLAS s, 10? w'+0b category +26 =
’ Erpected 20 et (EWPT) x étron est expected 3
i A, X|
E — Observed limit :":"em (I(-:m 10 O s Theog' P E
F ek 7 R e e E
E —SsM - Indirect (Z-pole) e E
F ATLAS tv [36.1b] E
e PRL 120 (2018) 161802] o 7
% 1071 S =
3 -t —

e )
2500 3000
miin [GeV]

I | 1 1
500 1000 1500 2000

24



Search for heavy gauge bosons

New heavy gauge bosons appear in extensions of SM
Benchmark model : Sequential Standard Model (SSM) — Same couplings to fermions as the SM

Searches for them decaying to leptons:
o W'—=iv ({=e, u) [EXOT-2018-30]
o Z' - [EXOT-2018-08]

Have been performed and exclude SSM boson masses below 6 TeV (W') and 5.1 TeV (Z')

Additional models investigated for various resonant widths
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