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INTRODUCTION & OUTLINE

- There are many searches performed in leptonic final states beyond the ones

with inclusive resonances.

» Covered In this talk:
- Processes with with a lepton and missing transverse momentum
- Non-resonant processes in dilepton events
- Lepton flavour violation searches
- Multilepton processes and model independent searches

- The following topics will be covered later this week:
- Resonances and heavy mediators (Joint BSM session, Wednesday)
. SUSY (TeV-scale BSM: SUSY, Tuesday)

- Leptoquarks and vector-like quarks (TeV-scale BSM: Third generation and
flavour, Thursday)
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https://indico.cern.ch/event/905399/sessions/384940/#20210609
https://indico.cern.ch/event/905399/sessions/384928/#20210608
https://indico.cern.ch/event/905399/sessions/384928/#20210610
https://indico.cern.ch/event/905399/sessions/384928/#20210610

PROCESSES WITH ONE LIGHT LEPTON AND EfMiss

CMS-PAS-EXO-19-017/

- The tails of transverse mass Mt In single lepton W+jets events with high
missing transverse momentum can also be used for non-resonant searches.

My, = \/ DpLEMSS (1 — cos[Ap(Z, Ep)])

. Effective field theory (EFT) interpretations quantify potential deviations from
SM expectations through the oblique electroweak W parameter,
as a correction to the propagator gg-> W= v, Phys. Rev. D 46, 381.
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http://dx.doi.org/10.1103/PhysRevD.46.381
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-19-017/index.html

PROCESSES WITH TAU-LEPTON AND EqMiss

ATLAS-CONF-2021-025

- Events with T-leptons in the final state yield wide resonances due to
secondary (hadronic) T decays.

- Looking for Sequential Standard Model (SSM) W’ boson, Z Phys. C 45 (1989) 109.

- Misidentification probability of jets as tau candidates propagated from control
regions as transfer factors.

- W' masses excluded up to 5.0 TeV.

- Model-independent limits set on signal yields above certain transverse mass
thresholds, mythresh,
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https://doi.org/10.1007/BF01556677
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-025/

BACKGROUND MODELLING OF DILEPTON EVENTS

Before searching for processes in dilepton events, backgrounds need to be modelled well.

ATLAS-EXOT-2019-16 CMS-EX0-19-019
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-16/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-019/index.html

LEPTON FLAVOUR UNIVERSALITY VIOLATIONS IN DILEPTON EVENTS

137 fb" (13 TeV, ee) + 140 b (13 TeV, uw)
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http://dx.doi.org/10.1088/1361-6471/aaf5de
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-019/index.html

FOUR-FERMION CONTACT INTERACTION IN DILEPTON EVENTS (1)

CMS-EXO-19-019

140 b (13 TeV)

- Quarks and leptons may be composite with at least one

common constituent - effective four-fermion contact iy CMS  pma
interaction at scale A, Rev. Mod. Phys. 56, 579, Phys. Rev. Lett. 50, 811. 20 S W, WW, W2, 22,
Z 10;‘ ----- CI LR Const A =16 TeV
- CMS studied the angle 6* of the outgoing negatively charged i oose? <0
lepton with respect to the z axis in the Collins=Soper frame
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http://dx.doi.org/10.1103/RevModPhys.56.579
http://dx.doi.org/10.1103/PhysRevLett.50.811
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-021/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-019/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-16/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-019/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-16/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-019/index.html

FOUR-FERMION CONTACT INTERACTION IN DILEPTON EVENTS (2)

ATLAS-EXOT-2018-16

- To explain the asymmetries measured in the B-meson decays, the bsll
interaction would have to be different between electrons and muons
- bsll contact interaction with scale A and coupling g+, JHEP 08 (2018) 056,
Fur. Phys. |. C79 (2019) 714, Eur. Phys. |. C 77 (2017) 548.

» 4 categories: ete-/u*u- with 0 or 1 b-jet.
- Signal regions (SR) with lower bounds on mymin starting at 400 GeV.

- Top and multijet backgrounds estimated
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https://doi.org/10.1007/JHEP08(2018)056
https://doi.org/10.1140/epjc/s10052-019-7216-3
https://doi.org/10.1140/epjc/s10052-017-5119-8
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-16/

LEPTON FLAVOUR VIOLATING Z-BOSON DECAYS (1)

TLAS-EXOT-2020-28
TLAS-EXOT-2018-36

> I>

- The number of leptons of each family Is conserved In
weak interactions, and violation of this assumption is Thad-vis
known as lepton flavour violation (LFV).

- One I1n 10 Z bosons would decay into a muon and a T-

epton via neutrino mixing, one in 105 in presence of
neavy neutrinos, Phys. Rev. D 63, 053004.

- Searches performed in ATLAS with both leptonically and

hadronically decaying T-leptons (accepted in Nature
Physics).

p—

- Using multiple neural network classifiers (one per bkg.)
and optimising their combination for the best sensitivity.

2. w; X (1 = NN))

\ Z,-Wi
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http://dx.doi.org/10.1103/PhysRevD.63.053004
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2020-28/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-36/

LEPTON FLAVOUR VIOLATING Z-BOSON DECAYS (2)
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5 bns o, m 4 * 8signal regions:
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- Signal region fit variable combined NN output.

- 1.25¢ . . . .
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W+iets 1500 * Thad: YIelds of signal, Z=> 1T, misidentified T-jets
- separately for 1P or 3P Tha.

500

O T-I‘I-I- L1 1 1
1.1¢ ]
105:—3 st-fit signal (B = 110 +

gt RLF «* *F % ﬁmﬂ

0.95F

- Combined limit on B(Z=>eT) set to 5x10-6 and on
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MULTILEPTON FINAL STATES: TYPE-IIl SEESAW HEAvVY LEPTONS (1)

ATLAS-CONF-2021-023
ATLAS-EXOT-2018-33

- The seesaw mechanism: explaining the relative smallness of the neutrino masses.

- Minimal type-Ill seesaw — an exira fermionic triplet:
one neutral (N°) and two oppositely-charged leptons (L*, L-),
Phys. C - Particles and Fields (1989) 44, 441, Eur. Phys. |. C (2012) 72, 1899. £

- Decays Into a SM lepton and a W, Z ! N {
or H boson, the highest branching ratio into W. W q

- Probed a few possible lepton/jet multiplicities:
- two light leptons, at least two jets

Q|

- three light leptons, zero or one jet
- three light leptons, at least two jets | o J

]

- four light leptons, any number of jets

[T

lj:
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http://dx.doi.org/10.1007/BF01415558
http://dx.doi.org/10.1140/epjc/s10052-012-1899-z
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-023/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-33/

MULTILEPTON FINAL STATES: TYPE-111 SEESAW HEAVY LEPTONS (2)
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MODEL INDEPENDENT SEARCHES

_ _ Exclusive . . .
Jebinelusive eventclass - What If LHC data can not be described with our preferred
te+2u+Njets \ /1e+zp+1jet+mets model? Can a more generalised search be performed?
BN | foA » ATLAS: 27 single-bin signal regions

[ Tet+1jet+X 2u —{ 1u+1jet+X .
1jet g M)

. Measured number of signal events Ny, as difference

e J‘7/ \E{ el between the estimated background and the data.

[ Te+1p+ijet+X 2u+ijet+X }

Inclusive « CMS: about 60 classes

[ le+2p+X M 1e+2p+1jet+X }event class

- Search for regions: taking the ones with smallest p-value.
- Global overview: observed deviations are compared with

ATLAS-CONF-2021-011 pseudo-experiments using the SM-only hypothesis.
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http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-008/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-011/

CONCLUSIONS

high energy type-lll seesaw candidate
AT LAS 2 opposite-charge muons and 2 jets

EXPERIMENT Hr + Efmiss = 1511 GeV

- ATLAS and CMS performed e 310361
many non-resonant Event: 410259325
. . 2016-10-10 16:22:12 CEST
searches with leptons in
the final state.

from
the Standard Model has
been observed.

- Many searches of full
Run 2 data still being
completed.

- Run 3 just around
the corner.

ATLAS Publications 3
CMS Publications 5
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic
http://cms-results.web.cern.ch/cms-results/public-results/publications/




FOUR-FERMION CONTACT INTERACTION — ALL LimiTts (1)

CMS-EXO-19-019
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-16/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-019/index.html

FOUR-FERMION CONTACT INTERACTION — ALL LimiTts (2)

ATLAS-EXOT-2018-16
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ADD MODELS WITH EXTRA DIMENSIONS IN DILEPTON EVENTS

ATL-PHYS-PUB-2021-021
CMS-EXO-19-019

- Large difference between the energy scales of electroweak
symmetry breaking and gravitation - gravitational force could propagate Into
additional dimensions; models by Arkani-Hamed, Dimopoulos, and Dvali (ADD),
Phys. Lett. B 429 (1998) 263.

ATLAS recently performed reinterpretation of the contact interaction search.
Dedicated CMS search.

137 b (13 TeV, ee) 140 fb™ (13 TeV, up)
| | _ | | ]

16 I I

16 I I

. . 5 14E_CMS 95% CL lower limits B 5 145_CMS 95% CL lower limits E

® LOVVe r t rﬁ ItS O n th e m O d e t pa ra m ete rS I<_|Zl_ 12;99 ehannel : I\O/IZda n expected __ I<_|Zl_ 12%_““ ehanne : I(\)/IZda n expected __
In the different ADD conventions o — T T — T
are set: I S B S

- Giudice-Rattazzi-Wells . 1 :

| | | | | | ]
At Mg A=+1 M;n=3 M;n=4 M;n=5 M,n=6 M, n=7
(GRW) (Hewett) (HLZ) ADD models

| | | | | | ]
At Mg A=+1 M;n=3 M;n=4 M;n=5 M,n=6 M, n=7
(GRW) (Hewett) (HLZ) ADD models

- Hewett

- Han-Lykken-Zhang
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http://dx.doi.org/10.1016/S0370-2693(98)00466-3
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-021/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-019/index.html

LEPTON FLAVOUR VIOLATING Z-BOSON LIMITS

DESY.

> I>

TLAS-EXO

-2020-23

TLAS-EXO

-20138-306

Observed (expected) upper limit on B(Z — £1) [x107%]

Final state, polarization assumption eT ut

{Thad Run 1 + Run 2, unpolarized 7 8.1 (8.1) 9.5 (6.1)
{haq Run 2, left-handed 7 8.2 (8.6) 9.5 (6.7)
{Thad Run 2, right-handed 7 7.8 (7.6) 10 (5.8)
{71y Run 2, unpolarized 7.0 (8.9) 7.2 (10)
{1y Run 2, left-handed 7 5.9 (7.5 5.7 (8.5)
{1p Run 2, right-handed 7 8.4 (11) 9.2 (13)
Combined ¢ Run 1 + Run 2, unpolarized 1 5.0 (6.0) 6.5 (5.3)
Combined €7 Run 2, left-handed 7 4.5 (5.7) 5.6 (5.3)
Combined 7 Run 2, right-handed 7 5.4 (6.2) 7.7 (5.3)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2020-28/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-36/

MODEL INDEPENDENT SEARCH IN ATLAS

ATLAS-CONF-2021-011

- What If LHC data can not be described with %106?ATLASPIreI|Im|rI1ar1)|/ T e Owms | E
out preferred model? Can a more T10° E-pon: 2,?§§§ R %:j;amty o Witoon
generalised search be performed? 0 Bt o] B B2 22 gz

. . . :_ "’% isoeev:so GeV: _f

- Very Important to estimate background 10° S L

contributions with high precision. 10° B E

- 2 single-bin signal regions categorised by

- lepton count (3 or 4 leptons)

o~ vw;««#&,}i}%{{%% 7 % W/ /w-./ W&MM#WI*WMAVW/AVW//W{M/}W%’W M’é/f/@

'oo_Li\)

¢

1 o 1
c\lvcococ\lvcococ\lﬁ-cocomvcocovvvvﬁ-ﬁ-
G 4 AV 4 3 ANV I ANV L E ANV AV A

- presence of an on-Z lepton pair

Data / Bkg
o =

. magnitude of invariant mass of all leptons Moy [0V
. Ermiss l[ower or higher than 50 GeV significance Z = N,/ AN,

- Measured number of signal events Ny,  srowzemscsoow 02 0706 s
is defined as the difference betweer v o7, P 2 300%v | 01 P o o)
the estimated background and the data. = 3tofzfpz->s06v 02 03 o1 L

- No significant deviations observed. i onz b = 30 0oy 10 04

4¢, Off-Z 0.1 -1.3

DESY. TADE) NOVAK - SEARCHES IN LEPTONIC FINAL STATES - LHCP 2021 JuNE 7, 2021 20


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-011/

MODEL INDEPENDENT SEARCH IN CMS @

Exclusive

Jet-inclusive event class
event class

1e+2u+1jet+Njets

1e+2u+Njets
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{ 1e+1jet+X
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e
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Inclusive
[ 1e+2u+X } [ 1le+2pu+1jet+X }event class
Event Event Event Single round
class  class class p histograms
A B C
Data scan D P p —> H‘L
- ok
Round1 * p  p  p | > E_
Round2 v+ 5 p | P > Ty
Round3 : p D D —> IHI‘—L
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« Kinematic distributions of interest: HsmEAS I mo0s

- scalar sum of pr of all objects (3+ bins)
- invariant/transverse mass of all objects (1+ bins)

- missing transverse momentum (3+ bins)
- Search for regions: taking the ones with smallest p-value.

- Global overview: observed deviations are compared with
pseudo-experiments using the SM-only hypothesis.

- No significant deviations
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http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-008/index.html

