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• 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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INTRODUCTION & OUTLINE

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
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• 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. 

• Effective field theory (EFT) interpretations quantify potential deviations from 
SM expectations through the oblique electroweak W parameter, 
as a correction to the propagator qq→W→lν, Phys. Rev. D 46, 381. 

• Selection: 
• high transverse momentum electrons 

(pT > 240 GeV) or muons (pT > 53 GeV) 

• ETmiss with pT/ETmiss between 0.4 and 1.5 
and Δɸ(pT, ETmiss) > 2.5 

• Fit result using 2017 and 2018 data:
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PROCESSES WITH ONE LIGHT LEPTON AND ETMISS

MT = 2pℓ
TEmiss

T (1 − cos[Δϕ(ℓ, ET)])

CMS-PAS-EXO-19-017

W = − 12+5
−6 × 10−5

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
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• Events with τ-leptons in the final state yield wide resonances due to 
secondary (hadronic) τ 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, mTthresh.
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PROCESSES WITH TAU-LEPTON AND ETMISS

ATLAS-CONF-2021-025
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• mll distribution is fit from data by a 
parametric background function in a low-
mass control region. 

• Extrapolated to single-bin signal regions. 

• Fit parameters b, c, pi.

• Dominant background: Drell-Yan 
process, estimated from simulation. 

• Jets misidentified as electrons are 
estimated from data. 

• Combined background shape 
normalised to data around the Z 
boson mass.
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BACKGROUND MODELLING OF DILEPTON EVENTS
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dilepton mass background template, consisting of the sum of all the simulated background contributions,
in a variety of CRs and extrapolated to the respective SRs. The data and simulation are both fit using
a binned-likelihood maximisation with a bin width of 1 GeV. The distribution of the pulls, defined as
(fit–simulation)/fit for each bin, is obtained for each potential configuration of CR and SR. A function that
results in pulls below 3 across all the ranges considered (CRs and SRs) is marked as acceptable. This
requirement is particularly important in the SRs to veto functions that exhibit unphysical behaviour at the
tail. Additionally, it is important to ensure a good description of the simulated background template in the
CRs. Out of about 50 initial functions, five are found to satisfy this requirement equally well. The residual
mis-modeling by the selected function is measured later and taken as an uncertainty. The final function is
chosen to be the same one used in Ref. [10] and it is given in Eq. (3):

5b(<✓✓) = 5BW,/ (<✓✓) · (1 � G
2)1 · G

Õ3
8=0 ?8 log(G)8

, (3)

where G = <✓✓/
p
B. The first term, 5BW,/ (<✓✓), is a non-relativistic Breit–Wigner function with

</ = 91.1876 GeV and �/ = 2.4952 GeV [47]. The second term, (1 � G
2)1, ensures that the background

shape evaluates to zero at G ! 1. The parameters 1 and 2 are fixed to values obtained from fits to the
simulated background. In the third term, the parameters ?8 with 8 = 0, .., 3 are left free in the fits. The
function 5b(<✓✓) is treated as a probability density function in the fits performed in the CR. This function is
then normalised in the CR to #CR, the number of events in the CR in data (or simulation where applicable),
where it is assumed that the CR is completely dominated by background events.

After the function choice has been made, the procedure to define the CR and SR is as follows. The two
boundaries of the CR (CRmin and CRmax) and the lower boundary of the SR (SRmin) are chosen to optimise
the expected sensitivity for each of the CI signals considered. The CRmin value is varied between 160 GeV
(well above the / peak) and 500 GeV, while CRmax is varied between 1 TeV and 2.9 TeV. The CR is not
wide enough to constrain the fit for CRmax values below 1 TeV, while above 2.9 TeV the possible new
signals contribute significantly. In all cases, the upper boundary of the SR is fixed to 6 TeV, beyond the
highest-mass events expected in data, while SRmin can lie at any point above CRmax. The boundaries of the
CR are varied to test for a possible dependence of the background estimation in the SR and it is found that
the estimation remains stable against these variations.

To avoid a bias from possible signal contamination in the CR, the CR and SR choice is validated
using a signal injection test for each of the configurations tested. The signals are injected in the range
18 TeV  ⇤  40 TeV. A collection of background+signal distributions are produced by simulation for
various ⇤ values of interest. An extension of Eq. (3), with an added signal component, is used to fit these
distributions:

5b+s(<✓✓ ,⇤) = #b · 5b(<✓✓) + #s(⇤) · 5s(<✓✓ ,⇤), (4)

where 5s(<✓✓ ,⇤) is the signal probability density function and #s(⇤) is the number of signal events in
the CR. Both 5s(<✓✓ ,⇤) and #s(⇤) are determined from simulation. The parameter #b is the number
of background events in the CR with the constraint #b + #s(⇤) = #CR. The full shape is fitted in the
CR using the background+signal model and compared with the nominal case, where there is no signal
injected and where the fit model is the background-only one. If a significant di�erence is found between the
background estimated with the injected signal fit and the nominal background-only fit, the configuration is
excluded. The di�erence between these two background estimates is assessed to be significant when it is
larger than the systematic uncertainty of the background component in the background+signal model. This
procedure is repeated iteratively while varying two out of the three mass boundary parameters (CRmin,
CRmax and SRmin). It is found that the background component of the background+signal model does
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Before searching for processes in dilepton events, backgrounds need to be modelled well.

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


TADEJ NOVAK ∙ SEARCHES IN LEPTONIC FINAL STATES ∙ LHCP 2021 JUNE 7, 2021

• Lepton flavour universality violations, 
other flavour anomalies, would indicate a 
deviation from unity of the ratio of the 
dimuon to dielectron differential cross 
section, J. Phys. G: Nucl. Part. Phys. 46 023001. 

• Mass distributions in data are unfolded after 
subtracting all backgrounds except for DY. 

• Normalised to 1 in the range 200–400 GeV to 
correct efficiencies between e/μ. 

• Corrected with simulated DY events. 

• Good agreement up to 1.5 TeV. 

• One-sided p-values of 0.067 and 0.185.
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LEPTON FLAVOUR UNIVERSALITY VIOLATIONS IN DILEPTON EVENTS
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1 Introduction
The presence of new phenomena, both resonant and nonresonant, in the high-mass dilepton
final state is predicted by various theoretical models aiming to extend the standard model (SM)
of particle physics. In this paper, the production of new spin-1 or spin-2 resonances, as well as
the nonresonant production of high-mass lepton pairs, is considered.

The existence of new neutral gauge bosons is a possible signature of grand unified theories,
such as superstring and left-right-symmetric (LRS) models, that include a unification of the
three forces at a high energy scale [1, 2].

One persistent puzzle in modern particle physics is the large difference in the energy scale of
electroweak symmetry breaking and the energy scale of gravitation. This could be explained
in theories including spatial extra dimensions, where the gravitational force can propagate into
additional dimensions. In models by Arkani-Hamed, Dimopoulos, and Dvali (ADD) [3, 4],
the SM particles are confined to the traditional four dimensions of space and time, while in
models proposed by Randall and Sundrum (RS) [5] the SM particles could also propagate into
the additional dimensions. Possible signatures of these theories at LHC energies are graviton
excitations, either as distinct spin-2 high-mass resonances in the RS model, or as a series of
nearly mass-degenerate excitations that result in an overall nonresonant excess of events at
high mass in the ADD model.

Based on many astrophysical and cosmological observations, it is assumed that dark matter
(DM) accounts for the majority of matter in the universe [6]. Models have been proposed in
which the DM consists of particles that can interact with those of the SM via high-mass, weakly
coupled mediator particles [7]. These mediators could then be observed via their decay into SM
particles, including the dilepton final state.

It has long been speculated that the presence of three generations of quarks and leptons is a
sign that these particles are not fundamental but rather composed of constituent particles com-
monly called “preons” [8]. At energies observable at collider experiments, the preons would
be confined into bound states by a new interaction analogous to quantum chromodynamics
(QCD). This new interaction is characterized by an energy scale L, at which its effects would be
directly observable. At center-of-mass energies far below L, the presence of the preon bound
states would manifest itself as a flavor-diagonal “contact interaction” (CI) [9], resulting in a
nonresonant excess of events at high mass.

Hints for lepton flavor universality violation in several measurements recently reported by the
LHCb Collaboration [10, 11], together with other flavor anomalies in B-meson decays summa-
rized in Ref. [12], have sparked interest in models for physics beyond the SM that could explain
these effects. These include models with heavy neutral gauge bosons [2] or leptoquarks [13].
Some of these models would result in a significant deviation from unity of the ratio of the
dimuon to dielectron differential cross section as a function of dilepton mass m`` ,

Rµ+µ�/e+e� =
ds(qq ! µ+µ�)/dm``

ds(qq ! e+e�)/dm``
, (1)

at high m`` [14].

Searches for high-mass Z0 gauge bosons in dilepton final states have a long history at the LHC,
with the CMS Collaboration having reported results using proton-proton (pp) collision data
from the LHC Run 1 (2010–2012) at

p
s = 7 TeV [15, 16] and 8 TeV [17, 18], and more recently

from the beginning of the LHC Run 2 (2015–2018) at 13 TeV [19, 20] using early data corre-
sponding to an integrated luminosity of 36 fb�1 collected in 2016. Similar searches have also

CMS-EXO-19-019

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
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• Quarks and leptons may be composite with at least one 
common constituent → effective four-fermion contact 
interaction at scale Λ, Rev. Mod. Phys. 56, 579, Phys. Rev. Lett. 50, 811. 

• CMS studied the angle θ* of the outgoing negatively charged 
lepton with respect to the z axis in the Collins–Soper frame 
(2 bins).

• Lower limits on the contact 
interaction scale Λ are set: 
• ATLAS: from 22.3 to 35.8 TeV 

• CMS: from 23.9 to 36.4 TeV 

• Same regions used to search 
for extra dimensions in ADD 
models, 
ATL-PHYS-PUB-2021-021, 
CMS-EXO-19-019. 7

FOUR-FERMION CONTACT INTERACTION IN DILEPTON EVENTS (1)
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Here p± represents 1p
2
(E ± pz), and the indices 1 and 2 correspond to the negatively and pos-

itively charged leptons, respectively. For same-sign events in the dielectron channel, the mea-
sured charge of the electron with the lower value of hC is assumed to be correct. The charge of
the other electron is taken to be mismeasured and assigned to be the opposite Same-sign events
in the dielectron channel are assumed to originate from charge misidentification. This results
in the correct lepton being chosen in 76% of same-sign events, according to the simulation.

6 Background estimation
The dominant (and irreducible) source of background in the signal selection is the DY process.
Further sources of high-mass dilepton events are tt and qtW production and diboson produc-
tion (especially WW events). In addition, both QCD multijet events and W+jets events can be
reconstructed as dilepton events if jets or nonisolated leptons are identified as isolated leptons;
this category is called “jet misidentification” below.

The DY background shape is estimated directly from the POWHEG samples described above,
including the mass-dependent higher-order corrections to the cross section. For the DY ! tt
process, the MADGRAPH5 aMC@NLO sample is used. Given the small size of this background,
no mass-dependent corrections are applied. The other backgrounds, with the exception of
the jet misidentification backgrounds, are also estimated from simulation. The second-largest
background contribution originates from tt events and is estimated from the POWHEG samples.
The simulation of this process is validated in a data control region containing an eµ pair passing
the same lepton requirements as discussed above and is found to describe both the shape of
the mass distribution and the event yield observed in data, within uncertainties.

Backgrounds arising from jets misidentified as electrons are estimated from data control re-
gions enriched in QCD multijet events with the methods described in Ref. [18]. Similar meth-
ods are used to evaluate the background contributions from jets or nonisolated muons to the
sample of selected muons. Even though the uncertainty in these estimates is as high as 50%,
this background has a negligible effect on the result of the analysis as its contribution to the
overall event yield is about 1–3%. The jet background estimate is found to be independent of
cos q⇤ and is therefore scaled by 0.5 when the event sample is split into cos q⇤ < 0 and �0 in
the nonresonant interpretation.

Finally, the combined background shape is normalized to the data in the control region around
the Z boson mass (60 < m`` < 120 GeV). For the dimuon channel, a prescaled trigger with
a muon pT threshold of 27 GeV was used to collect events in this region. The corresponding
offline threshold on the muon pT is 30 GeV. To calculate the normalization factors, the numbers
of events in that region are multiplied by the corresponding trigger prescale factor. For the
2017 and 2018 data, the DY simulation generated with the NNPDF3.1 NNLO PDF set does not
accurately describe the Z boson pT spectrum at low pT. The simulated events are therefore
reweighted to match the prediction obtained with the NNPDF3.0 NLO PDF, as used for the
2016 samples. In the electron channel the correction factor is 0.95, independent of the year of
data taking. In the dimuon channel, these factors are 0.97 for 2016, 1.03 for 2017, and 1.00 for
2018 data.
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cos q⇤ and is therefore scaled by 0.5 when the event sample is split into cos q⇤ < 0 and �0 in
the nonresonant interpretation.

Finally, the combined background shape is normalized to the data in the control region around
the Z boson mass (60 < m`` < 120 GeV). For the dimuon channel, a prescaled trigger with
a muon pT threshold of 27 GeV was used to collect events in this region. The corresponding
offline threshold on the muon pT is 30 GeV. To calculate the normalization factors, the numbers
of events in that region are multiplied by the corresponding trigger prescale factor. For the
2017 and 2018 data, the DY simulation generated with the NNPDF3.1 NNLO PDF set does not
accurately describe the Z boson pT spectrum at low pT. The simulated events are therefore
reweighted to match the prediction obtained with the NNPDF3.0 NLO PDF, as used for the
2016 samples. In the electron channel the correction factor is 0.95, independent of the year of
data taking. In the dimuon channel, these factors are 0.97 for 2016, 1.03 for 2017, and 1.00 for
2018 data.
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• 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 Λ and coupling g*, JHEP 08 (2018) 056, 
Eur. Phys. J. C 79 (2019) 714, Eur. Phys. J. C 77 (2017) 548. 

• 4 categories: e+e-/μ+μ- with 0 or 1 b-jet. 

• Signal regions (SR) with lower bounds on mllmin starting at 400 GeV.

8

FOUR-FERMION CONTACT INTERACTION IN DILEPTON EVENTS (2)

• Top and multijet backgrounds estimated 
from simulation, extrapolated from a 2b 
region using parametric functions. 

• Z+jets fitted with for 130 < mll < 250 GeV. 

• Largest observed local significance 2.6 𝜎. 

• Lower limits: from 1.8 to 2.4 TeV.

-1 = 13 TeV, 139 fbs
+1b category, CR-only fit-e+e
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• The number of leptons of each family is conserved in 
weak interactions, and violation of this assumption is 
known as lepton flavour violation (LFV). 

• One in 1054 Z bosons would decay into a muon and a τ-
lepton via neutrino mixing, one in 105 in presence of 
heavy neutrinos, Phys. Rev. D 63, 053004. 

• Searches performed in ATLAS with both leptonically and 
hadronically decaying τ-leptons (accepted in Nature 
Physics). 

• Using multiple neural network classifiers (one per bkg.) 
and optimising their combination for the best sensitivity.
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LEPTON FLAVOUR VIOLATING Z-BOSON DECAYS (1)

ATLAS-EXOT-2020-28 
ATLAS-EXOT-2018-36

combined NN output = 1 −
∑i wi × (1 − NNi)

∑i wi

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/
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LEPTON FLAVOUR VIOLATING Z-BOSON DECAYS (2)
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• 8 signal regions: 
• τlep: eτlep and μτlep split by pT(l2) < 20 (25) GeV. 

• τhad: eτhad and μτhad split by the number of tracks 
τ-leptons decay into (1P or 3P). 

• Signal region fit variable combined NN output. 

• Z control region fit variable mcoll(l1, l2) = invariant 
mass of l1–l2–2ν system where neutrinos are 
assumed collinear with l2. 

• Fitted parameters: 
• τlep: yields of signal, Z→ττ, top quarks, and 

misidentified leptons. 

• τhad: yields of signal, Z→ττ, misidentified τ-jets 
separately for 1P or 3P τhad. 

• Combined limit on B(Z→eτ) set to 5⨉10-6 and on 
B(Z→μτ) to 6.5⨉10-6.
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• The seesaw mechanism: explaining the relative smallness of the neutrino masses. 

• Minimal type-III seesaw — an extra fermionic triplet: 
one neutral (N0) and two oppositely-charged leptons (L+, L-), 
Phys. C - Particles and Fields (1989) 44, 441, Eur. Phys. J. C (2012) 72, 1899. 

• Decays into a SM lepton and a W, Z 
or H boson, the highest branching ratio into W. 

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

• three light leptons, zero or one jet 

• three light leptons, at least two jets 

• four light leptons, any number of jets
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MULTILEPTON FINAL STATES: TYPE-III SEESAW HEAVY LEPTONS (1)
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Figure 1: Examples of Feynman diagrams for the considered type-III seesaw model [14] producing three- and
four-leptons final states.

The type-III seesaw model targeted in this search is described in [14], where the pair production of the52

neutral (N0) and charged (L±) heavy leptons proceeds via the s-channel production of virtual EW gauge53

bosons. The production cross-section depends only on the masses of the N0 and L±, which are assumed to54

be degenerate as the mass splitting due to electroweak radiative corrections is expected to be smaller than55

⇠200 MeV [15]. The decays allowed in this model are L± ! H`±, Z`±,W±⌫ and N0 ! Z⌫,H⌫,W±`⌥,56

where the SM leptons (` = e, µ, ⌧) can be of any flavour. The branching ratios B` for the heavy lepton57

decays into ` plus one EW SM boson are determined by the mixing parameters V` between the new heavy58

leptons and the SM leptons. In this analysis it is assumed that all three mixing parameters are equal, namely59

Be = Bµ = B⌧ = 1/3. The branching ratios BZ , BW , BH for heavy lepton decays into any SM lepton60

plus Z, W or H L±, N0 ! Z,W,H are independent of the mixing parameters. For N0 masses larger than61

few times the H mass, the decays into di�erent EW bosons are independent of the N0 mass, therefore62

2BH ' 2BZ ' BW ' 1/2. Examples of Feynman diagrams in three- and four-lepton final states are shown63

in Figure 1. These events are characterized by the production of two EW bosons (VV , VH or HH, where64

V = W, Z) and two charged leptons or neutrinos in the final state. Consequently, to guarantee a large65

type-III seesaw signal significance, this analysis focuses on events with high light lepton multiplicity,66

including light leptons from ⌧-lepton decays.67

This paper is structured as follows: the ATLAS detector is described in Section 2; the data and simulated68

events used in the analysis are outlined in Section 3, and the event reconstruction procedure is detailed in69

Section 4. The analysis strategy and background estimation are presented in Section 5 and 6, respectively.70

Finally, results and their statistical interpretation are presented in Section 7, followed by the conclusions in71

Section 8.72

2 ATLAS detector73

The ATLAS detector [8] at the LHC is a multipurpose particle detector with a near-4⇡ coverage in solid74

angle around the collision point and a cylindrical geometry1 coaxial with the beam axis. It consists75

of an inner tracking detector surrounded by a thin superconducting solenoid providing a 2T magnetic76

field, electromagnetic and hadronic calorimeters, and a muon spectrometer incorporating three large77

superconducting toroidal magnets.78

1 ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point (IP) in the centre of the detector
and the z-axis along the beam pipe. The x-axis points from the IP to the centre of the LHC ring, and the y-axis points upwards.
Polar coordinates (r, �) are used in the transverse plane, � being the azimuthal angle around the z-axis. The pseudorapidity is

defined in terms of the polar angle ✓ as ⌘ = � ln tan(✓/2). Angular distance is measured in units of �R ⌘
q
(�⌘)2 + (��)2.

19th May 2021 – 11:15 3

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

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/
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• 11 signal regions (SR) in total: 
• 6 dilepton SRs: all lepton flavour 

and charge combinations 

• 3 trilepton SRs: on-Z and off-Z 
with 2+ jets, inclusive with 0-1 jets 

• 2 four lepton SRs: sum of lepton 
charge 0 or 2 

• High ETmiss with good reconstruction 
significance required — neutrinos. 

• Demanding background estimation: large 
fraction of non-prompt and fake leptons, 
leptons with misreconstructed charge. 

• Heavy leptons with masses below 
910 GeV are excluded.
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MULTILEPTON FINAL STATES: TYPE-III SEESAW HEAVY LEPTONS (2)

dilepton 
OS eμ

four lepton, 
charge = 0

0

1

2

3

4

5

6

7

E
ve

n
ts

Data

Total SM

Diboson

tt

Mis-ID lep.

Other

) = 600 GeV±,L
0

m(N

) = 800 GeV±,L
0

m(N

) = 1000 GeV±,L
0

m(N

ATLAS
-1 = 13 TeV, 139 fbs

)

±

µ
±OS SR (e

400 500 1000 2000

 [GeV]
miss

T + ETH

0.5
1.0
1.5

D
a
ta

 /
 P

re
d
. 0

1

2

3

4

5

6

7

Ev
en

ts Data
Total SM

FNP
Diboson
Rare top
Other

ATLAS Preliminary
-1 = 13 TeV, 139 fbs

ZL Region SR

) = 600 GeV±,L0m(N
) = 800 GeV±,L0m(N
) = 1000 GeV±,L0m(N

400 600 800 1000 1200 1400 1600 1800
 [GeV]

T
Leptons m

0.5
1.0
1.5

Da
ta

 / 
Pr

ed
.

trilepton 
on-Z, 2+ jets

0

5

10

15

20

25

30

Ev
en

ts Data
Total SM

Diboson
FNP
Rare top
Other

ATLAS Preliminary
-1 = 13 TeV, 139 fbs

Q0 SR

) = 600 GeV±,L0m(N
) = 800 GeV±,L0m(N
) = 1000 GeV±,L0m(N

500 600 700 800 900 10001100120013001400
 [GeV]miss

T + ETH

0.5
1.0
1.5

Da
ta

 / 
Pr

ed
.



TADEJ NOVAK ∙ SEARCHES IN LEPTONIC FINAL STATES ∙ LHCP 2021 JUNE 7, 2021

0 
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
 <

2 
1 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

 2
-4

 
2 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

 4
-6

 
3 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

 >
6 

4 
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
 <

2 
5 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

 2
-4

 
6 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

 4
-6

 
7 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

 >
6 

8 
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
 <

2 
9 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

 2
-4

 
10

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  4
-6

 
11

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  >
6 

12
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  <

2 
13

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  2
-4

 
14

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  4
-6

 
15

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  >
6 

16
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  <

4 
17

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  >
4 

18
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  <

4 
19

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  >
4 

20
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  <

4 
21

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  >
4 

 [GeV]invM

0.8
1

1.2

D
at

a 
/ B

kg

1

10

210

310

410

510

610

Ev
en

ts

3l, on-Z
 < 50 GeVT

missE
3l, on-Z

 > 50 GeVT
missE

3l, off-Z
 < 50 GeVT

missE
3l, off-Z

 > 50 GeVT
missE

4l, on-Z
 <T

missE
50 GeV

4l, on-Z
 >T

missE
50 GeV

4l, off-Z

data WZ ZZ
fakes top triboson
Uncertainty

 PreliminaryATLAS
-1 = 13 TeV, 139 fbs

post-fit SRs

• What if LHC data can not be described with our preferred 
model? Can a more generalised search be performed? 

• ATLAS: 22 single-bin signal regions 
• Measured number of signal events        as difference 

between the estimated background and the data. 

• CMS: about 60 classes 
• Search for regions: taking the ones with smallest p-value. 

• Global overview: observed deviations are compared with 
pseudo-experiments using the SM-only hypothesis.
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MODEL INDEPENDENT SEARCHES
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CMS-EXO-19-008

ATLAS-CONF-2021-011

N̂sig

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/
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• ATLAS and CMS performed 
many non-resonant 
searches with leptons in 
the final state. 

• No significant excess from 
the Standard Model has 
been observed. 

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

• Run 3 just around 
the corner.

14

CONCLUSIONS

Run: 310341 
Event: 410259325 
2016-10-10 16:22:12 CEST

high energy type-III seesaw candidate 
2 opposite-charge muons and 2 jets 

HT + ETmiss = 1511 GeV

ATLAS Publications 
CMS Publications

https://twiki.cern.ch/twiki/bin/view/AtlasPublic
http://cms-results.web.cern.ch/cms-results/public-results/publications/
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FOUR-FERMION CONTACT INTERACTION — ALL LIMITS (1)
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http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-019/index.html
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FOUR-FERMION CONTACT INTERACTION — ALL LIMITS (2)

ATLAS-EXOT-2018-16
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• 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. 

• Lower limits on the model parameters 
in the different ADD conventions 
are set: 
• Giudice-Rattazzi-Wells 

• Hewett 

• Han-Lykken-Zhang

18

ADD MODELS WITH EXTRA DIMENSIONS IN DILEPTON EVENTS

ATL-PHYS-PUB-2021-021 
CMS-EXO-19-019
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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
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LEPTON FLAVOUR VIOLATING Z-BOSON LIMITS

Observed (expected) upper limit on B(Z ! `⌧) [⇥10
�6

]

Final state, polarization assumption e⌧ µ⌧

`⌧had Run 1 + Run 2, unpolarized ⌧ 8.1 (8.1) 9.5 (6.1)
`⌧had Run 2, left-handed ⌧ 8.2 (8.6) 9.5 (6.7)
`⌧had Run 2, right-handed ⌧ 7.8 (7.6) 10 (5.8)

`⌧̀ 0 Run 2, unpolarized ⌧ 7.0 (8.9) 7.2 (10)
`⌧̀ 0 Run 2, left-handed ⌧ 5.9 (7.5) 5.7 (8.5)
`⌧̀ 0 Run 2, right-handed ⌧ 8.4 (11) 9.2 (13)

Combined `⌧ Run 1 + Run 2, unpolarized ⌧ 5.0 (6.0) 6.5 (5.3)
Combined `⌧ Run 2, left-handed ⌧ 4.5 (5.7) 5.6 (5.3)
Combined `⌧ Run 2, right-handed ⌧ 5.4 (6.2) 7.7 (5.3)

ATLAS-EXOT-2020-28 
ATLAS-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-2018-36/
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• What if LHC data can not be described with 
out preferred model? Can a more 
generalised search be performed? 

• Very important to estimate background 
contributions with high precision. 

• 22 single-bin signal regions categorised by 
• lepton count (3 or 4 leptons) 

• presence of an on-Z lepton pair 

• magnitude of invariant mass of all leptons 

• ETmiss lower or higher than 50 GeV 

• Measured number of signal events 
is defined as the difference between 
the estimated background and the data. 

• No significant deviations observed.

20

MODEL INDEPENDENT SEARCH IN ATLAS

ATLAS-CONF-2021-011
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significance Z = N̂sig/ΔN̂sig

N̂sig

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

• Kinematic distributions of interest: 
• scalar sum of pT 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 
found in ~60 classes.
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 distributionsTJet-inclusive classes: S

http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-008/index.html

