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Performance of the LHC & ATLAS detector
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Outline

m Search in high-mass same-flavor dilepton final state (
, 139 fb~1)

m Search for a right-handed gauge boson decaying into a high-
momentum heavy neutrino and a charged lepton (arXiv
1904.12679, 80 fb™1)

m Search for a new heavy gauge boson resonance decaying
iInto a lepton and missing transverse momentum (
, 80 fb~1)




Dllepton Search: Analysis Strategy

Dielectron
- . :
8 10tk ATLAS 1 j_
2 ok P=ISTEVIBT I g First ATLAS full Run-2 result
£ = Signal 3
L% 10° 3 Smooth H / { \ E AlM
0k | D,hBaCkgrou”d ,_ - m Search for “bumps” in the dielectron and dimuon
E — Background-only fit 3 invariant mass spectra
1= ---- Generic signal at 1.34 TeV, I'm = 0% -
= (?Eheriz signal aIETa'IJ.J'.-:n‘l: D'*n | E EVENT SELECTION
10 1 =— =+ Ganeric signal at 3 TeV, I'im = 0% 4 { =
o Ar — . m Look for events with exactly two electé%résoo(g two
= 2y . muons and an invariant mass below eV
o g+°+ % +++ ++HW +++*++*‘+ ++ ++ ++++h *#"FJ"*"'*‘“’“ """ bk
g o i
e ae 10° 210° 3:10° CERN-EP-2019-030
. [GeV
_ elS¥l - BACKGROUND ESTIMATION
- 'DIIITnUOI’] . — = Largely dominated by the Drell-Yan process
3 10'E %Tf‘?gTev a0t é = Fit parametric function to data to model background (new with respect
T ’ _ to previous versions of the analysis)
‘g 1oZE 3 = |eads to spurious signal uncertainties, but those have a small impact
WeoE - on the final result
10 .
 poekgroundiont f M SIGNAL MODELLING
Background-only fit .
e | * Generic signal modelling using a convolution of Breitt-Wigner and a
107 Ge“eficsigja'a‘?TeY’Ffmf°°|/° | * “. g Gaussian to parametrize for various pole mass and width values
o 4 =  Results interpreted in terms of Sequential Standard Model (SSM) and
= 24 }+++ gttt 4ttt m b bbbybha by bbb 4 ] :
s I it *H* 30 d*++ ----- ++ T e 7 Heavy Vector Triplet (HVT)
4]
S e 10° 210°  3x10°

m,, [GeV] 4



https://arxiv.org/pdf/1903.06248.pdf
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Dilepton Search: Results
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* Largest excess found at 264 GeV for O-width with a local significance of 2.30 for the combination of
the dielectron and dimuon channels (assuming lepton flavor universality)

* No significant deviations for larger widths



Dilepton Search: 2-D width & mass scan
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Dilepton Search: Exclusion Limits
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Dilepton Search: HVT Exclusion Contour
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= Limits extracted on the Fermion-Higgs/Vector Boson and Quark-lepton coupling parameter space
= Area outside the curve is excluded
= HVT bosons can couple to fermions (f), leptons (I), and Higgs (h)




Dilepton Search: Summary
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Heavy Neutrino search:

q
Wh

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

q

Search for a right-handed gauge
boson (Wg) decaying into a boosted
right-handed heavy neutrino (Ng)
together with a lepton

Focused on the regime where the
mass of the heavy neutrinois 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 jet

For the electron channelthe energy
depositis included in the large-R jet
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https://arxiv.org/abs/1904.12679

Heavy neutrino search: m,,, .
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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, where heavy neutrino is produced with
large pr and their decay products are very collimated. A large-R jet can reconstructthe Ny




Lepton+MET: Analysis Strategy
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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 —ev
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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 13


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-017/

Lepton+MET: m+ spectrum
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* No significantdeviations found from Standard Model expectation
+ Largestlocal significance in the muon channel (2.2 o) for m,,, = 1.55 TeV
* Extractlimits on the Sequential Standard Model
14




Lepton+MET: Exclusion Limits
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Summary

* Searches with leptons provide a useful test
of the Standard Model, with generally
manageable backgrounds

» Still lots of data left to be analyzed!
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ATLAS Exotics Searches™ - 95% CL Upper Exclusion Limits ATLAS Preliminary

ch 2018 [£dt=(32-139) fo! Vs=8,13TeV
Model fy  Jetst ET™ [Ldqm’) Limit Reference
T T T
ADD Gy + 8/9 Dep 1-4) Yes 36.1 My 77 TeV n=2 1711.08:
ADD non-resonant yy 2y 367 |Ms .6 TeV 3HLZNLO 1707.04147
E ADD QEH - 2j - a0 Mg BOTeV -6 1703.09127
& | ADD EH high X py zlep - 32 [Mu 82TeVW o -6 Mo = 3TeVrot2BH 1606.02265
2 ADD BH multijet 36 |Ma 3 TeV, rot BH 1512.02586
% RS1 Gy — vy 2y - - 37 |Gecmass 4.1 TeV 1707.04147
Buk RS Gy — WW /27 multi-channel 381 | Gux mass 2.3TeV 1808.02380
|§ Bulk RS Gy — WW/ZZ - qqaq 0 et 129 [ Guoe mass 28TeV ATLAS-CONF-2019-008
Bulk RS gy — tt Tew 36.1 |k mass 3.8TeV 1804.10823
2UED RPP ey 361 | KiKmass 1.8Tev Tier (1,1, S{A) s 1) = 1 1803.09678
SSM 2 1t 2en - - 139 |2 5.1 TeV 1903.06248
g SSM 2" — rr 2r = - 31 |2 mes 242 TeV 1709.07242
Leptophabic Z° — bb - - 361 2" mass. 2.1 TeV 1805.09299
_g Leptophabic Z* Tegr = 1J/2) Yes 36.1 2’ mass 3.0 Tev Fim=1% 1804.10823
g SSMW -0 Teyr Yes 798 | W mass 56TeV ATLAS-CONF-2018-017
S s5M W —n ir - Yes 361 | W' mass 3.7 TeV 180106092
hol HVT V' = WV - gqaq mo Oeu 24 139 V' mass 4.4Te £v 3 ATLAS-CONF-2018-003
S VT V' WH/ZH model B muti-channel 360 | W mass 283 TeV Be =3 1712.06518
LRSM Wy — tb mutti-channe| 36.1 W’ mass 3.25 TeV 1807.10473
Cl ga99 2j 370 |a 21.8TeV iy 1703.09127
Cliraq Zep 361 |A 400TeV
Clrtrr =teq 21b21) Yes 361 |A 257 TeV Carl = 8
Axial vector mediator (Drac DM) 0 e 1-4 Yes 36.1 Mot 1.55 TeV £g-0.25, g, 1.0, m{y] = 1 GeV
= Colored scalar mediator (Dirac DM) 0 e, 1-4j Yes 36.1 - 167 TeV £=1.0, mlx) = 1 GeV
8 vy EFT (Dirac DM) Oepe  1d<1j Yes 32 |m. 700 GeV mix) = 150 GeV 1608.02372
Scalar reson. & — ty (DiracDM)} 01ep 1B 0-1J  Yes 36.1 m 34Tev y=04.1=02 mly)=10GeV 1812.09743
Scalar LG 1% gen Yes 361 |LOmass 1.4 Tev 1902.00377
a Scalar LQ 2™ gen Yes 381 LG mass. 1.56 TeV 1802.00377
= SealarLa 3 gen - 36.1 L mass 1.03 TeV 1 1902.08103
Scalar LQ 3¢ gen 01 e Yes 351 |LOfmass 970 GeV 0 190208103
VL TT — HE/Zt/Wo+ X multichannel 381 | T s 1.37 TeV SUi2) douset 1808.02343
>2 VLQ BB — Wt/ Zb + X multichannel 361 |8 mass 1.34 TeV SUi2) douslet 1808.02343
& & VIO TosTonlTys = Wet X 2(SS)e3ep=1b>1] Yes 361 |Topmass 164 TeV J= el Tas Wep= 1 180711883
£5 VOY-WetX leg =1bz1) Yes 361 |¥mass 1.85 TeV 1. ca[ W)= 1812.07343
VLG B = Hb+ X Qep 2y =1b =1 Yes 79.8 |Bmass 121 TeV ATLAS-CONF-2018-024
VLG QQ — WaWg e Yes 203 [ 890 GeV' 150804251
@ Excited quark 9° — qg - 2j - 139 [of mass 6.7 TeV A= mig) ATLAS-CONF-2018-007
E S Excited quark g° — qy 1y 1j - 37 |atmass 5.3 TeV " A= mig) 1709.10440
§ 'E  Excited quark b* — bg - 1hij - 36.1 2.6 TeV 1805.09298
W § Excited lspton e 20.3 3.0 TeV A=30Tev 14112021
Excited lepton +* et 20.3 1.6 TeV A=16TeV 14112021
Type Ill Seesaw e 2] Yes 798 560 GV ATLAS-CONF-2018-020
LRSM Majorana » 2p 2j 36.1 32 TeV m(We) =41 TeV. & = gn 1809.11108
& Higgs triplet H** — f¢ 2346 (88 - - 36.1 B70 GeV' DY production 1710.09748
2 Higgs triplet =+ o7 depr 203 400 GV DY produtior 1 4112921
S Mulli-charged particles 36.1 musti-charged partice mass 1.22 TeV O productio 1812.03673
Magnetic menopaes 7.0 manopole mass 1.34 TeV D¥ production, |g| = 1g5, spin1/2 1509.08059
Vlamw] VE=nTev | a=mTev PP PR el PR
partialdata | full ciata 10 1 10 Mass scale [Tev]
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Dilepton Search: Systematics

Uncertainty source Dielectron Dimuon

for my [GeV] 300 5000 300 5000
Spurious signal +12.5 (12.0)  40.1 (1.0) +11.7 (11.0) +2.1 (2.2)
Lepton identification £16 (16)  £56(56) 18 (18) 135 (5)
Isolation +0.3 (0.3) +1.1 (1.1) +0.4 (0.4) +0.4 (0.5)
Luminosity +1.7 (1.7) +1.7 (1.7) +1.7 (1.7) +1.7 (1.7)
Electron energy scale Y (ﬂg) o (£0.8) - -
Electron energy resolution | 123 (J_r(l)(l}) o5 (£0.1) - _
Muon ID resolution - - fg% (fgg) fg;i (fg%)
Muon MS resolution - - M (i}%) +2.4 (2.1)
‘Good muon’ requirement - - +0.6 (0.6) f%é (f%é)

Systematics for zero (10) % width
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Lepton+MET: Systematics

Source Electron channel Muon channel
Background Signal Background Signal
Trigger negl. (negl)  negl. (negl.) 1% (1%) 2% (2%)
Lepton reconstruction _ ‘ _ ‘ o o
1 dentification negl. (negl.) negl. (negl.) % (21%) 5% (29%)
Lepton momentum o (20 0 o 0
scale and resolution % (3%) 4% (3%) 3% (12%) 7% (10%)
Multijet background 7% (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 <05% (<0.5%) 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% (2%) 2% (2%)
Total 13% (115%) 4% (4%) 12% (29%) 9% (31%)

18



Dilepton Search: parametric function

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 gencrator level and smeared by the experimental dilepton mass resolution,
described in the previous section, with mass-dependent acceptance and efliciency corrections applied. A
similar procedure is applied to the generator-level dilepton mass distribution in the ff 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 mgr:

feelmee) = faw.z(mee) - (1 = x°)° . xZiopeloe(x) (1)

where x = mygp /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, #(mee) is a non-relativistic Breit—Wigner function with my = 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 (f = 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.
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