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Overview
Charged leptons: clear signature at hadron colliders

E\N Wide variety of BSM physics searches involve leptons:
® ‘o ° « Super Symmetry (SUSY): stops, neutralinos, charginos...
) 9 7 « Dark Matter searches
 New resonances (W', Z', Gravitons...)

« Heavy or composite fermions
» Lepton Flavour Violation
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Delivered Luminosity [fb™]

Performance of the LHC & ATLAS detector
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/s =13 TeV

Delivered: 156 fb™'
Recorded: 147 fb”'
Physics: 139 fb'
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- A total of 139 fb-1 collected during the 2015-18 period at Vs = 13 TeV

e Currently in Long Shutdown 2, expect to start operations again by the end of 2021 3
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Outline

m Search in high-mass same-flavor dilepton final state ( )

m Search for a right-handed gauge boson decaying into a high-momentum heavy neutrino
and a charged lepton ( )

m Search for a new heavy gauge boson resonance decaying into a lepton and missing
transverse momentum ( )

m Search for Dark Matter in association with a single top quark and one or two charged
leptons ( )

m Search for pairs of scalar leptoquarks decaying into quarks and electrons or muons

( )

m Search for trilepton resonances from chargino and neutralino pair production (

)

m Search for lepton-flavor violation in different-flavor, high-mass final states (

)



https://arxiv.org/pdf/1903.06248.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-30/
https://arxiv.org/abs/2011.09308
https://link.springer.com/article/10.1007/JHEP10(2020)112
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-36/

D|Iepton Search: Analysis Strategy
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http://dx.doi.org/10.1007/BF01552335
https://link.springer.com/article/10.1007%2FJHEP09%282010%29033
https://arxiv.org/pdf/1903.06248.pdf

Dilepton Search: Results
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» Largest excess found at 264 GeV for 0-width with a local significance of 2.3c for the
combination of the dielectron and dimuon channels (assuming lepton flavor universality)
* No significant deviations for larger widths
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Dilepton Search: Exclusion Limits
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Higgs and vector boson coupling g

Model-independent calculated for various width scenarios
Limits can be re-interpreted for specific models
Results re-interpreted in terms of HVT couplings, and will eventually be combined with

an analogous W’ search



Heavy Neutrino search:

*
Whr

Decay products can be
Highly collimated and form a
“fat” jet

Search for a right-handed gauge
boson (Wy) decaying into a
boosted right-handed heavy
neutrino (Ng) together with a
lepton Iin the context of a Left-
Right Symmetric model ( )
Focused on the regime where
the mass of the heavy neutrino
IS less than 10% of the right-
handed gauge boson

The decay products of the
heavy neutrino can be found
within a jet within a large-R(or
fat) jet

For the electron channel the
energy deposit is included in the
large-R jet


https://arxiv.org/abs/1904.12679
https://arxiv.org/abs/1607.03504
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10*

10°

10?

10

—y

o

10*

10°

10°

—_
- o

_L
Ln - ;N

o

4
(S I I )

UL I B B B i
\5_13TeV80fb1

93
3
b
0]

Z+jet(s)
Single-t
M W+jet(s)
0 Diboson
. B MC stat. unc.

I: LU

et L L L L B
INRPRS . e tm*
700500 5001000 12001400 1600 1800 2000"
m*®' [GeV]
e B B M T e
= ATLAS 1s=13TeV, 80 fb" 3
- CR (up) -e-Data .
_ mt .
E Z+jet(s) E
r Single-t ]
L [ Diboson -
3 W MC stat. unc. 3

/s R L B B N O

—3;-"1%-‘-- s m-’--- --'.f"“ amsmanag :-;5 gl
L { ] * ¢ *'*
S L 4. 1 i
00500600000 12001400~ 160018082000
m*' 2 [GeV]

Events/200 GeV

Significance

Events/200 GeV

Significance

10°
10*
10°
10°
10

1
107"
1072
10°

10°
10°
10°
10°

107"

Electron channel ATLAS
13 TeV, 80 fb™

Vs =

‘,,
",
s,
)
7
.
/////
’,
"
7,
’,
7

Signal: M, Mw
[GeV], l‘t"-ew
— 300, 3000
--400, 4000
—e Data
------ Z+jets fit
— BG fit
--BG uncertainties

1y,
,,,,
,,,,
1,
,,,,

500 1000 1500 2000 2500 3000 3500 4000 4500

m"*[GeV]

Muon channel ATLAS
Vs =13 TeV, 80 fb™

Signal: M M
[GeV] [GeV]

—— 300, 3000 P B~

---- 400, 4000 : B

—e— Data :

------- Z+jets fit

— BG fit

---- BG uncertainties .

1[1H|IH|IH|I_|

o

500 1000 1500 2000 2500 3000 3500 4000 4500

m*! *2[GeV]

Electron Channel

Muon Channel

Signal (mpy =3 TeV,mu, = 150 GeV)
Signal (myw, =3 TeV,mu,, = 300 GeV)
Signal (my, =4 TeV,mpy,, = 400 GeV)
Expected background

Observed events

Significance

p-value

448
3462g
4(1_5§
6675,

+0.5
28 —0.7

8
240
0.0082

36
4117 S
479+4{J

5—+4
1972
4
120
0.12

« Signal region is defined to be

above 2 TeV in fat jet-lepton

invariant mass

« Avalidation region is defined with

el events

 Excess observed in the electron
channel, but still in agreement

with expectation
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Heavy neutrino search: Exclusion contour
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* Limits extracted in the my,-m,,, plane

 Slightly worse limits for the muon channel at high mass due to worse resolution
« Observed limits also shown for the resolved topology. The two approaches yield

complementary results
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Lepton+MET: Analysis Strategy

Vi

I+

« Possible additional charged gauge
bosons

 Its decay would produce a signature
with a lepton and missing transverse
energy coming from the neutrino

« Benchmark model used is the
Sequential Standard Model

* No interference between W and W’
considered

AlM

Search for deviations from Standard Model predictions in the
my distribution

EVENT SELECTION

Identify events with one high-pT lepton and large missing
transverse energy

—
ATLAS Simulation W —sev
\s =13 TeV - W' Sy

L I B L

Acceptance x Efficiency

BACKGROUND ESTIMATION

= Events with prompt leptons are estimated through
the use of Monte Carlo simulation

» Backgrounds coming from non-prompt leptons are

estimated through data-driven methods "


https://arxiv.org/abs/1906.05609

LeptontMET: m~+ sectrum
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« Largestdeviation found at 625 GeV in the muon channel with a local significance of
2.80 (1.30 global)

 Proceed to extract limits on the BSM model considered 12




Lepton+MET: Exclusion Limits
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independent results on generic
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2HDM+a Dark Matter search

t-channel

b b

g
q

Searches for Dark Matter (DM) usually rely on the
presence of Weakly Interacting Massive Particle
(WIMP), which would show up as missing transverse
energy

This paper considers a Two Higgs Doublet Model
(2HDM) with an additional pseudoscalar (a) towards
DM production

Events with a single top quark are found to be
sensitive to 2HDM+a type of models, with the tW
diagrams providing the leading contributions to DM
production

Three channels are defined to exploit the
characteristics of each of the final state, depending
on its topology: tW,, , tW,, and tj;,

g t

twW diagrams

Requirements for each Signal Region

Variable tWiL tWor tj 1L
Trigger ERUss dilepton EP'* OR one-lepton
NyEnd =1 =2 (0S) =1
pr(ty) [GeV] > 30 > 25 > 30
pr(t2) [GeV] - > 20 -
Niet >3 > 1 € [1,4]
pr(jet) [GeV] > 30 > 30 > 30
Np-jet > 1 > 1 €[1,2]
pr(b1) [GeV] > 50 > 50 > 50
EPS [GeV] > 250 > 200 > 200
me? [GeV] > 30 - > 60
mee |GeV] - >40,¢ 71, 111] (ee/pup) -
A@min [rad] > 0.5 - > 0.5

1


https://arxiv.org/pdf/2011.09308.pdf

2HDM+a Dark Matter search

Process Generator PDF set PS and UE tune Cross-section
frag./hadr. accuracy
Top pair (¢1) PowHEG-Box v2 NNPDF 3.0 NLO PytHian8 Al4 NNLO+NNLL
Single-top { t-channel PowHEG-Box vl NNPDF 3.0 NLO PytHia8 Al4 NNLO+NNLL
s- and Wt-channel PowneG-Box v2 NNPDF 3.0 NLO PyrHia 8 Al4d NNLO+NNLL
Vijets (V=W /Z) SHERPA 2.2.1 NNPDF 3.0 NNLO SHERPA Default NNLO
Diboson SHERPA 2.2.1 0r2.2.2 NNPDF 3.0 NNLO SHERPA Default NLO
tt+V,V=W,Z h MapGrapuS aMC@NLO 2.3.3 NNPDF 3.0 NLO PytHia8 Al4 NLO
tWZ MapGraruS aMC@NLO 2.6.7 NNPDF 3.0 NLO PytHia8 Al4 NLO

For each channel, Control Regions (CRs) are
defined to estimate the leading background in
the signal region. A background-only fit is then
performed, using the normalization to data Iin

the CRs

Signal, control and validation region definitions used in tW,,

Variable | SR |CR(® CRW) | VRI() VR2H) VRIW) VR2W)
Npjet -1 >2 =1 -1 -1 -1 =1
pr(b2) [GeV] <50 > 50 < 50 < 50 < 50 < 50 < 50
m@cluslerﬂd [GeV] > 60 _ < 60 _ < 60 > 60 < 60
my? [GeV] >200 | >200 €[40,100] | >200 >200 €[40,100] > 100
amrty [GeV] > 220 | <220 > 220 <220 > 220 > 220 > 220

Signal, control and validation region definitions used in tW,

In addition, Validation regions are used to verify
the extrapolation of the Monte Carlo simulation
estimate

The main backgrounds are top pair and single-
top production, as well as W+jets

A Boosted Decision Tree (BDT) score is used to
further sub-categorize Signal Regions

Variable | SR | CR@) CR(iiZ) CR(WZ) | VR(iD) VR(3()
N;ignnl =2 =2 =3 =3 =2 =3
(0S) (0S) (= 1 SFOS) (= 1 SFOS) (OS) (> 1 SFOS)
pr(€3) [GeV] - . > 20 > 20 - > 20
Mee e [GeV] ¢[71,111] | ¢ [71,111] e [71,111] e [7L111] | ¢ [7L111] €[71,111]
Niet > 1 >1 >3 €[1,3] >1 > 1
Np.jet > 1 > 1 =1 =1 >1 > 1
(= 2if Njw = 3)
m:.;'}” [GeV] <170 < 170 < 170 > 170 < 170 varies
mi, [GeV] > 150 < 150 - - > 150 -
mra [GeV] > 130 € [40, 80] > 90 > 90 € [40, 80] > 90
Amin [rad] > 1.1 > 1.1 - - > 1.1 —




2HDM+a Dark Matter: Validation region
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Good agreement is found in the validation region

between

expected and observed yields
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2HDM+a Dark Matter: Results
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2HDM+a Dark Matter: Exclusion contours
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Scalar Leptoquark searches

Leptoquarks (LQs) are one of the possible solutions to
the flavor anomalies observed at LHCb in B-meson
decays

They couple both to quarks and leptons and can
mediate flavour-changing neutral current, enabling
violation of Lepton Flavour Universality

These searches focus LQ pair production, leading to
final states with two same-flavor leptons and at least
two jets

electron

~electron

g

,. LQ
e

.».LQ
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https://arxiv.org/pdf/2006.05872.pdf
https://arxiv.org/pdf/2010.02098.pdf

Scalar Leptoquark search with b/c jets

ArXiv 2006.05872

Process Generator PDF set PS and : N UE tune Cross-section
fragmentation/hadronisation order
Top pair (tt) PowHEG-BOX v2 [49] NNPDF 3.0 [50] PyTHIA 8 Al4 NNLO+NNLL [51]
Singl@-top{ t-channel PowHEG-BoX vl NNPDF 3.0 PyTHIA 8 Al4 NNLO+NNLL [52]
o s- and Wt-channel POwWHEG-BOX v2 NNPDF 3.0 PyTHIA 8 Al4 NNLO+NNLL [53,54]
W+jets, Z/Drell-Yan-+jets SHERPA 2.2.1 [55,56,57,58,569] NNPDF 3.0 SHERPA Default ~ NNLO [60]

Diboson SHERPA 2.2.1 — 2.2.2 NNPDF 3.0 SHERPA Default ~ NLO [55]

« Main background is Z/Drell-Yan+Jets, modelled Preselection

using Sherpa as it does a better job modelling the 2 opposite charge leptons (e, x)

extra jets ,

« Top pair production is the subleading background, 2 or more jets
an ep control region is used to validate its Py > 27 GeV, [ne| < 2.47; pi > 27 GeV, |n,| < 2.7
modelling py > 45 GeV, [n;] < 2.5

* Leptoquark masses from 400 to 2000 GeV are tl 5 75 GeV
considered miss pTz— 1/2

« Events are categorized on the basis of the by [VHr < 3.5 GeV
number of c- or b-tagged jets mee > 130 GeV

« A powerful discriminant variable in the search for SB SR Top CR
leptoquarks is the asymmetric mass, used to ee or iy el
define the sideband/signal region: o s _m?;n 00 <m™m < 04 Y 00

mp + mypn

20



https://arxiv.org/pdf/2006.05872.pdf

Scalar Leptoquark search W|th b/c lets

The MC simulation of
the Drell-Yan and top
pair production
processes is validated

In control regions, which
are also used to extract
systematic uncertainties

Data/Pred.

on the shape
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Scalar Leptoquark search with b/c jets

Limits are first extracted for each jet flavour and channel: c- and b-jet with 0, 1 and 2 tags, assuming a 100% branching ratio, and are
shown as well as a function of the branching ratio chosen

T 10 T om. 0% oLt 3
% : ..... EXp 95% CL limit : 6\ 1 — I I | | I | I | I | | I | I I | | I I I I | !:-" j I I I —
2 10+ mooos 8 o9 ATLAS y -
C Exp. + 20 = M e —
0 C — 6(pp — LALQ) theory - - Vs=13 TeV, 139 fb -
9 1073 E_ . _E T 08 :_ o ' : _:
O R, E @] ~ —— Obs. 95% CL limit -
2o e i — 0.7 ... Exp. 95% CL limit E
o' Famas 0 s N QgE EWExp.t1o /. =
% [ Vs=13TeV,139tb" B(LQ— ce)=1 ] ) - |:| EXp. + 20 0 =
10406500 800 1000 1200 1400 1600 1800 2000 0.5 ~ + 1o theory o =
mq [GeV] 0.4 = s 3
Z 10T PRAngmAPARROSE 0.3 =
_ I Exp. 95% CL limit ] — =
-3‘10'25— [ Exp.z10 - 02; 3
_3- 2 [ ]Exp.+26 E O -I s ]
T \ - — o(pp — LQLQ) theory - ’ E 2% E
O 10_ _§ 1 1 | I 1 | 1 I 1 | | I 1 | 1 I 1 | | I 1 1 1 I 1 | | I 1 | 1
o N, : 900 600 800 1000 1200 1400 1600 1800 2000
104 0000 T S — -
l - ATLAS \ m q [GeV_
Q [ {s=13TeV, 139 fb" B(LQ—s bu)=1 i

\6/ Sl vty by by b by b by
10400 600 800 1000 1200 1400 1600 1800 2000
m.q [GeV] 22




Search for trilepton resonances

Ias

Z/H|WF

0F [6F [y

« SUSY can introduce processes that violate Baryon number
(B) and lepton number (L) conservation

» This search uses an extended Minimal Supersymmetric
Standard Model (MSSM) as a benchmark, including a third
generation right-handed sneutrino that can break the B-L
symmetry

* In this scenario, two candidates for lightest SUSY particle
(LSP) are the chargino and the neutralino, which can
decay to SM particles, producing final states with three or
more charged leptons, with the target being the trilepton
resonance

PS and

Process Event generator hadronization PS tune Cross section (in QCD)
Diboson, triboson, (Z+jets) SHERPA 2.2 SHERPA 2.2 Default NLO (NNLO)

1tW, tt Z, (Other top) MaDGrapu5_aMC@NLO 2 PyTHIiA 8 Al4 NLO (LO)

tt, (tW), [ttH PowHEG-Box v2 PyTHIA 8 Al4 NNLO+NNLL (NLO+NNLL) [NLO]
Higgs: ggF, (VBF, VH) Pownec-Box v2 PyTHiA 8 AZNLO NNNLO (NNLO+NNLL)

)?I_r A?T, )?I_r)f’(l} MADGRraPH 2.6 PyTHIA 8 Al4 NLO+NLL

Dominant background contributions are WZ,
ZZ and top pair production in association

with a Z boson
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Search for trilepton resonances

( >3 leptons, >1 leptonic Z candidate ) Three signal regions defined to target the different
decay modes:
i1l + SR3!targets events with exactly three
34( Number of leptons )i reconstructed leptons and a significant amount of
J J missing energy
. » SRA4!looks for events with four or more leptons
SR3¢ No | Hadronic boson or second | Yes . P
leptonic Z candidate and a moderate amount of missing energy,
v v assumed to be coming from a neutrino produced in
SRAP @@ the decay of the additional neutralino/chargino
 SRFR targets processes where all
v neutralino+chargino decay products are products
If >2 additional boson candidates, choose are fully reconstructible, including a second W, Z or
that closest to expected boson mass Higgs candidate
Aim for trilepton events with 90 < mz, < 580 GeV
> L B B B B BN B L
o 10'= ATLAS e Data <= Total SM Y R L A I I A I
g 10° = Vs =13 TeV, 139 fb” -\é\.’aie lepton é%her E ATLAS e Data == Total SM e 120 ATLAS | : E;na ﬁ-\ar\%al sM —
o 5 tz I Higgs o fs=13TeV, 139 1b" zz [ Higgs 2] C {s=13TeV,1391b Other Fake lepton
T 10 Triboson o ttz Fake lepton S 00— Zz I Higgs -
2 VRmiin ™ Triboson Other Lﬁ - Triboson -
o < VRZZ_CRZZ VRZZ - VRHZ 3
5 i - E
2 15_r ; I ' — ‘ | — I I — ‘ ‘ : '“ - E 15_ " " : I'II ‘Y " " Py " ) : I; E 157 : 1 = : ——— [ ] p—
Sg 1_ . panashk k% _'g"‘(; 1 &l | + FHU NN racd 5 | \‘l l ] -mrﬁ I + . ? \l 1 |
& ARDBAS MR S bbb AN YK 2 & | IR FEPETTERTY &8 oy + PR
L ] 05k L |
S o o0 s 0 120 140 160 180 200 TTTR 70w 00 10 @0 W0 w0180 O e 24
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Search for trilepton resonances: IResuIts

% ATLAIS e Data w22 Total SI‘:'I E B Aln-Als I e Data = Total SM
D 10°-Vs=13TeV, 139 f0" _;azkelepton - 2’5 2 10 §E=13Tev,1391b" Fake lepton [ 22 IE _
‘ Tiboson  mmHiggs s | SR4 iz Triboson -4 + The data-driven fake lepton
Other w - I Higgs Other - 5 . . c
] m, = 200 GeV — m, = 500 GeV _| estimation uncertainty is
------------- \ Ty, = 800 GeV E dominant in many of the bins
. due to statistical limitations in
107 = H
= the dataset, while
7 experimental uncertainties
10°E are dominated by jet energy
2 — scale/resolution . Modelling
8 g L s S = P
£5 2§ g |- uncertainties on the shape of
RS 2 % c% 5 _a| S - the main background are
22823 T RER S 8833 2 B also considered
[ P et . A O S A P i o2 A 2 A 4 -'Tli (GeV]
E 10 ;AlfLAé I I I | I I . I:I)ata I I éQIQToltal SI\I/I I ] E 10 __A!”'Als I I_W | I I | [] IZI)ata I I §T0|tal SI\I/I I
a E Vs=13TeV, 139 fb” Fake lepton W ZZ 3 @ = Vs=13TeV, 139 fb Fake lepton |l WZ
5 = SRFR iz B Higgs 3 3 = SR3l ttz Triboson
i - Other Triboson 4 w - Other mzz
L m, =200 GeV — m_ = 500 GeV __ . B Higgs m; =200 GeV
= + _ mi‘ — 800 GeV 1 = = —m; = 500 GeV — mi: = 800 GeV
10" — 10! + No significant deviations
= over Standard Model
0 N 10 expectation are observed
8B EESEE g &8 8 e e R R e 25




Search for trilepton resonances:
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ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits

ATLAS Preliminary

Status: May 2020
S m m . £ dt=(3.2-139) fo! Vs=8,13TeV
l J Model £y Jetsi ET™ [Latfb™] Limit Reference
i ; ; - T T T T T —TTTTTTT T — T
. . KK T &1q e -4]  Yes 361 [Mp 7.7TeV =2 7
M O re a n a I & | ADD non-resonant yy 2y - - 387 | Ms - . o
W I e u 5 - 86TeV  n=3HLZNLO 1707.04147
S | ADDQBH - 2j - 370 Mg -
. 2 | ADDBH high T >1 >2j ——pl g
Run-2 dataset in the coming months! B soosimie | IERE R T 7 VR S e
g ! E. >3 - 36 h 9.55TeV n =06, Mp =3TeV, ol BH 1512.02586
T RS1Gux —yy 2y - - 36.7 | Gkk mass 4.1 TeV /Mg = 0.1 1707.04147
@ BukRS Gyx » WW/ZZ multi-channel 36.1 Gy mass 2.3TeV k/Mp = 1:0 WBOElOZEBO
L’ﬁ Bulk RS G — WV — fvgq Tep 2i/1d Yes 139 | Gk mass 2.0TeV k}'ﬁ,," =10 2004.14636
Bulk RS gk — tt Teu >1b> lJﬂ?j Yes 361 EKK Mass 3.8TeV [im = 15°.-:n 1504:10523
2UED/RPP lep 22b>3) Yes 361 |KKmass 18 TeV Tier (1,1), B(A™M — ) =1 1803.09678
SSM Z7 = £ 2eu - - 139 Z' mass
SSMZ' =T 27 - - 36.1 Z' mass 2.42 TeV STl Eiggﬁg
T T T T T T T T T T @ Leptophobic Z* — bb - - g l
= I - @ ic 2/ 2b 36.1 |2 mass 2.1TeV 1805.09299
o E 8 Leptophabic Z' — tt Oep 21b22J Yes 139 | Z' mass 4.1 TeV Fim=12% 2005.05138
] B ATLAS g SSM W: -y Tepu - Yes 139 | W'mass 6.0 TeV 1906.05609
b . EE# u'.:vv —+ w T - Yes 361 | W’ mass 3.7 TeV 1801.06992
Y 1 0 = Z! ” g’ / — WZ = fvggmodel B 1ep 2j/11J  Yes 139 | W’ mass 4.3 TeV gy = 2004,14636
3 3 - = 3 HVT V' = WV — gggg model B Qe 2J - 139 | V' mass 3.8 TeV gv =3 1906.08569
£ E 3 (6] HVT V' — WH/ZH model B multi-channel 36.1 V' mass 293 TeV gv=3 1712l06518
= r 7 HVT W' — WH model B Oep 21b22J 139 | W mass 3.2TeV =3 :
T . Q 8 CERN-EP-2020-073
b 1 i M Wg — th multi-channel 36.1 | Wg mass 3.25TeV 1807.10473
= E LRSM Wg — uNg 2n 1J - 80 | Wg mass 5.0TeV m(Ng) =05TeV, g = gp 1904.12679
= 3 ~  Claqqq - 2j - 370 [a n
- i Q  Clitgg 2e.p , N 139 | 21.8TeV . 1703.09127
) 358TeV . CERN-EP-2020-066
1 0_1 _ | Cl ettt 2lex 21b21j Yes 361 [A 2.57 TeV [Cutl = 4 1811.02305
E 3 Axial-vector mediator (Dirac DM) O e, 1-4j  Yes 361 |Mne 1.55 - =
= = = | Colored scalar mediator (Dirac DM) 0 e, x 1-4j Yes  36.1 Mmed 1 6;:':\' g’fwo(-nzsr;aa‘]iml' g()(/} e idbiponed
C ] 8 VW EFT (Dirac DM) e 14,<1] ¥ M ' ) < 15006V ot o
2 ot BracD) 0 L ,<1j (13 3.2 o 700 GeV m(y) < 150 GeV 1608.02372
1 0_ - calarreson. ¢ — ty (DiracDM) O-fe,p 1b0-1J Yes 3641 my 3.4 TeV y=04,1=02, m(y) =10 GeV 1812.09743
3 Scalar LQ 1 “d gen 12e >2j Yes  36.1 LQmass 1.4 TeV p=1 1902.00377
. 9 Scalar LQ 2"d gen 12u 22j Yes 361 |LQmass 1.56 TeV B=1 1902'00377
L } o Scalar LQ 3; gen 27 2b - 31 [LOjmass 1.03 TeV B(LQ§ — br) =1 1902.08103
1 0 == ATLAS (5=13 TeV (ee 139 fo"; up 139 fb™) - Scalar LQ 3 gen O-lep 2b Yes 361 [ LQjmass 970 GeV BLQY - tr) =0 1902.08103
ATLAS Vs =13 TeV (ee 36.1 fo; 1 36.1 ! ) 3 VLQ TT = Ht/Zt/Wb+ X multi-channel 361 | Tmass 1.37 TeV SU(2) doublet 1808.02343
—o ATLAS (5= 13TeV (ee321b" pu3215") ~ B VL0 Ty T Ty X BSOS eu1bT] Ve 301 |Taam et P ot
: : - i3 s3] Tsy 23epn21Db2 es 3 5/3 mass 1.64 = =
1 0_4 - —a— ATLAS Vs=8TeV (e 203 fb™" up 20.510™) _ ¢ 3 VLOY - Wh+ X leu >1b>1j Yes 361 |Ymass 1.3T5e¥ev iﬁ?‘ﬁﬂ L';((v;;)ﬂt) 1 12?2;;233
= ATLAS |E =7TeV I:EE 49 qu; m 50 fbl ) é xtg g(;:"bm;ry)ff 0 c:.p, 2y > 1>bﬁ 1 Yes 79.8 B mass 1.21 TeV k=05 ATLAS—CONF-QmB-O?d,
- —s— ATLAS {5=7TeV (ee 39 pb’; pu42pb’) 7 T e o
— w Excited quark ¢* — gg - 2j - 139 ® mass : A= m(g"
Sl PR R AT N T N SO T AN TN S A N N A .8': Excited quark ¢°* — g 1y 1j - 7 q' — e A 0010440
Lo f 14 Y j 36. q° mass 5.3 Te only u* and d*, A = ‘
) eV y A=m(q") 1709.10440
1 3 4 5 5] E Excited quark b* — bg - 1b 1] - 36.1 b* mass (
6 L>|.<| = Ectadiopon sen o ook 2.6 TeV 1805.09299
i \ - . A=30TeV 1411.2921
Excited | " - -
xcited lepton v Jeut 20.3 A=16TeV 1411.2921
mZ‘ [TeV] Iype IIl Seesaw fep  22]  Yes 798 [NUmass 560 GeV ATLAS-CONF-2018-020
H?SMtMaJOtrzniv " 24 2j - 36.1 Ng mass. 3.2TeV m(Wg) =4.1TeV, g =gr 1809.11105
E Higg: tﬂgzt - : i 2‘3‘; eu(Ss) - - 361 | H** mass 870 GeV DY production 1710.09748
0 - et - - 20.3 . . DY produclien.B(H[* —ir)=1 1411.2921
Mu i-cl ‘arg particles - - - 36.1 multi-charged particle mass 1.22 TeV DY production, |g| = 5e 1812.03673
lagnetic monopoles - - - 34.4 monopole mass 2.37 TeV DY production, |g| = 1gp. spin 1/2 1905.10130
VE:‘STBV ‘\G=13TGV T | s ool " s a3 aaal s s P
partial data | full data 107 1 10
. . Mass scale [Te
Only a selection of the available mass limits on new states or phenomena is shown [ V]
-Small-radius (large-radius) jets are denoted by the letter j (J)
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Dilepton Search: Systematics

Uncertainty source Dielectron Dimuon

for my [GeV] 300 5000 300 5000
Spurious signal 1125 (12.0) £01 (L.0) =+11.7 (11.0) +2.1 (2.2)
Lepton identification +16(1.6)  +56 (5.6) +1.8(18) 1 (+ )
[solation +0.3 (0.3) +1.1 (1.1) +0.4 (0.4) +0.4 (0.5)
Luminosity +1.7 (1.7)  £L7(L7) £17(L7)  £1.7(1.7)
Electron energy scale 10 (ﬂ g) o1 (£0.8) - -
Electron energy resolution | 53 ( (l)é) 03 (£0.1) - .
Muon ID resolution - f3j§ (tg:g) tg:z (i_g 3)
Muon MS resolution - - f?,j% (t}g) +2.4 (2.1)
‘Good muon’ requirement - - +0.6 (0.6) o (tgg)

Systematics for zero (10) %
width




Lepton+MET: Systematics

Source Electron channel Muon channel
Background Signal Background Signal
Trigger negl. (negl)  negl. (negl.) 1% (1%) 2% (2%)
Lept truct . 0
azg ;I;Iff;cl;i;: ol negl. (negl.) negl. (negl.) % (21%) 5% (29%)
Lepton momentum o o 0 o
el and Tesoltion 4% (3%) 4% (3%) 3% (12%) 7% (10%)
Multijet background ™% (113%) N/A (N/A) 1% (1%) N/A (N/A)
Top extrapolation 2% (5%) N/A (N/A) 3% (3%) N/A (N/A)
Top normalization <0.5% (<05%) N/A(N/A) | <0.5% (<0.5%) N/A (N/A)
Diboson extrapolation 2% (9%) N/A (N/A) 3% (10%) N/A (N/A)
PDF choice for DY 1% (14%) N/A (N/A) | <0.5% (<0.5%) N/A(N/A)
PDF variation for DY 8% (12%) N/A (N/A) ™% (11%) N/A (N/A)
EW corrections for DY 4% (5%) N/A (N/A) 4% (6%) N/A (N/A)
Luminosity 2% (1%) 2% (2%) 2% (27%) 2% (2%)
Total 13% (115%) 4% (4%) 12% (29%) 9% (31%)




Dilepton Search: HVT Exclusion Contour
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Dilepton Search: parametric

1 1 N AL: N LA
The smooth functional form for the background is based on fit performance studies on a MC background

template. The associated uncertainties are also estimated through these studies. In order to minimise the

statistical uncertainties in this procedure, the background template for DY is produced from large-statistics

samples simulated only at generator level and smeared by the experimental dilepton mass resolution,

described in the previous section, with mass-dependent acceptance and efficiency corrections applied. A

similar procedure is applied to the generator-level dilepton mass distribution in the 1f sample exploiting the

larger number of events from the generator-level mass distribution. The distributions from the diboson and
single-top simulated samples and, in the electron channel, a template for multi-jet and W+ jet processes are
also considered. All MC-based contributions are scaled by their respective cross-sections.

In order to select the background functional form, a fit to the dilepton mass background template is
performed, under the signal plus background hypothesis, for various functional forms, following the
procedure outlined in Ref. [47]. The chosen functional form is the one with the smallest absolute number
of fitted signal events (*spurious signal’), which are determined as as a function of mygs:

feelmee) = faw.z(mee) - (1 — x°)" . xZiopelon(x¥ (1)

where x = mygg /5 and parameters b and p; with i = 0, ..3 are left free in the fit to data and independent
for dielectron and dimuon channels. The parameter ¢ is 1 for the dielectron and 1/3 for the dimuon
channel. The function faw, #(mer) is a non-relativistic Breit—-Wigner function with m; = 91,1876 GeV
and I'y = 2.4952 GeV [48]. The normalisation of the background function is such that the integral a
corresponds to the total number of background events. To further validate this functional form an extra
degree of freedom (i = 4) is added to the fit function before the final data analysis, to check if it improves
the likelihood value of the fit by more than 2o-. To check the fit stability in the high-mass region, signal
injection tests are performed at various mass points. No significant bias in the number of extracted signal
events is observed.




Search for trilepton resonances: systematics
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Dilepton Search: 2-D width & mass scan
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Scalar Leptoquark search with top quarks

« This search focuses on leptoquarks

decaying to electrons/muons+top quarks =
. ! R .
where the top decays hadronically 1 C Z +jets CR SR
* It is optimized for LQ masses above 1 TeV, Leptons pf; > 100 GeV, [n.| <2.47, In,l <2.5
where the out.going top is heavily boostepl N¢ = 2; opposite-sign
and a large-R jet can be used as proxy for it L R ) >
« Control regions are used to extract the arge-X jets pr > 200 GeV, || < 2.0, my > 50 GeV
background normalization from data Ny >2
* Due to the higher complexity, a Boosted  Dilepton invariant mass | mg, > 120 GeV | 70 GeV < mgr < 110 GeV | mge > 120 GeV
Decision Tree is used to discriminate Lepton flavour et ee or
between signal- and background-like events
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https://arxiv.org/pdf/2010.02098.pdf

Scalar Leptoquark search with top quarks
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