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Introduction

 The SUper-SYmmetry is a well motivated and favored extension of the
Stand Model (SM):
 solves hierarchy problem, grand unification issue, dark matter candidate…

 This talk will focus on the electroweak SUSY searches performed by
ATLAS @13TeV.
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Motivation
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SUSYCrossSections

 If the coloured sparticles are too heavy
for LHC, electroweak productions will
be dominant.
 Smaller cross sections, limits are less
stringent, and motivated by
naturalness.
 Multi lepton final states make it easier
to suppress the SM background.
Why EWK SUSY?
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Common strategy
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𝑛𝑙𝑒𝑝

EWK 2/3L(RPC)

 SUSY searches rely on accurate modelling
of the Standard Model backgrounds
Control/validation regions (CR/VR) are defined to
study the background modeling

EWK 2τ(RPC)

 Analyses target final states with
different lepton multiplicities.
 Interpretation is usually performed
with simplified SUSY models.
 An analysis can probe several
models.
 Scenarios with R-parity-conserving
(RPC) and R-parity-violating (RPV)
decays are both being examined.
R P = −1 3 B−L +2S

 Discriminating variables are used to
separate signals from backgrounds:

complexity

EWK 4L(RPV)

Object counting, momenta, energies
e.g. 𝑁𝑗𝑒𝑡,𝑏𝑗𝑒𝑡,𝑙,𝑟 , 𝑝𝑇
Scale variables, event-wise variables
e.g. 𝐻𝑇 = Σ𝑃𝑇 , 𝐸𝑇𝑚𝑖𝑠𝑠 , 𝑚𝑒𝑓𝑓 = Σ𝑃𝑇 + 𝐸𝑇𝑚𝑖𝑠𝑠
Angular variables
e.g. Δ𝜑(𝑗𝑒𝑡, 𝐸𝑇𝑚𝑖𝑠𝑠 ), Δ𝑅(𝑙, 𝑙)
Mass variables
e.g. 𝑚𝑙𝑙 , mT l, 𝐸𝑇𝑚𝑖𝑠𝑠
Hypothesis based event variables
e.g. 𝑚 𝑇2
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2 (RPC)
ATLAS-CONF-2017-035
Simplified model

2l + jets

2l + 0jets

Signal Processes

𝜒1± (C1)/𝜒20 (N2) and 𝜒10 (N1)
masses as free parameters

3l

BR=100% for the targeted
decay

4l (RPV)
ATLAS-CONF-2016-075

2/3l (RPC)
ATLAS-CONF-2017-039
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2/3L: Signal Regions 2l+0jets
2l + 0jets

ATLAS-CONF-2017-039

and

C1C1  slep  2l

slep  2l

binned

binned

 Signature: 2 opposite-sign (OS) leptons, 0 jet,
large ETmiss .
 SRs defined for same-flavor (SF) and
different-flavor (DF) separately, further binned
in stransverse mass (𝐦𝐓𝟐 ) and invariant mass
(𝐦𝐥𝐥 , only for SF) after preselection on mll
and a jet veto.
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2/3L: Signal Regions 2l+jets

SR2-int

≥ 2 jets, ETmiss > 150GeV

SR2-high

≥ 2 jets, ETmiss > 250GeV

SR2-low-2J

2 jets,
> 100GeV,
W recoiling against the Z+ETmiss system

SR2-low-3J

3-5 jets, ETmiss > 100GeV,
ISR jets recoiling against the Z+W+ETmiss
system

ETmiss

 Signature: 2 SFOS leptons, ≥ 2 non-b-tagged
jets, large ETmiss .
 Select events with 2 leptons from an on-sell Z
boson and 2 jets from W boson.

2l + jets

Main selections

ATLAS-CONF-2017-039

C1N2  WZ  2l+2j

 Two inclusive SRs targeting intermediate /
large mass splittings between C1/N2 and N1.
 Two orthogonal SRs for low mass splitting:
 SR2-low-2J: assume 2 jets from W boson
 SR2-low-3J: assume C1N2 recoils against ISR jets
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2/3L: Signal Regions 3l

ATLAS-CONF-2017-039

3l SR definitions
SRs for
slepton mediated

mSFOS − mZ > 10GeV

binned in pl3
T

SRs for
gauge-boson mediated

mSFOS − mZ < 10GeV

min
binned in ETmiss , pl3
,
n
and
m
jet
T
T

 Two sets of SRs defined by 𝑚𝑙𝑙 to target
slepton and gauge-boson mediated
decays, further binned in ETmiss , pl3
T , njet
and mmin
T .

3l

 Signature: Exactly 3 leptons (2 SFOS
leptons), 0 b-tagged jets, large ETmiss .

C1N2  slep  3l

C1N2  WZ  3l
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2/3L: Background Estimation

ATLAS-CONF-2017-039

 Irreducible backgrounds: (prompt and real leptons)
 VV, Z/γ+jets, tt dominant in 2l channels; small contributions from
Higgs, VVV, top+V
 In general estimated from MC simulation, dominant backgrounds
are normalized in dedicated CRs

 Reducible backgrounds: (≥1 fake or non-prompt lepton)
 Multi-jet, W+jets, single top for 2l channels
 Besides, Z+jets, tt, WW are also reducible for 3l channel
 Estimated from data using “fake factor method”.
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2/3L: Results

ATLAS-CONF-2017-039

 No significant excess above
SM predictions in any SRs.
 Extended the exclusion limit
to higher C1/N2 and slepton
masses.

C1N2  WZ  2l+2j

C1C1  slep  2l

slep  2l

C1N2  WZ  3l

C1N2  slep  3l
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2τ: Signal Regions

ATLAS-CONF-2017-035

 Signature: 2 OS hadronically decaying 𝜏
leptons, 0 b-tagged jet, large ETmiss .
 Two SRs defined targeting low and high
mass splittings between C1/N2 and N1.
 mT2 is the most powerful discriminating
variable.
SR-lowMass

SR-highMass

≥ 2 medium 𝜏

≥ 1 medium 𝜏 and 1 tight 𝜏

ETmiss > 150GeV, PTτ1 > 50GeV

ETmiss > 110GeV, PTτ1 > 80GeV

mT2 > 70GeV

mT2 > 90GeV
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2τ: Background Estimation

ATLAS-CONF-2017-035

 Irreducible backgrounds:
 VV, Z+jets, top (tt, single top, ttV).
 Estimated from MC simulation.

 Reducible backgrounds:
 1 fake τ: W+jets, estimated from MC + normalization
factor from data.
 2 fake τ: multi-jet, estimated from data using “ABCD
method”.

 Validation:
 A dedicated VR is designed for each background to
validate the estimation from data.
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2τ: Results

ATLAS-CONF-2017-035

 No significant excess above SM predictions in
any SRs.
 Extended the exclusion limit to higher C1/N2
and slepton masses.
 Limits on cross-section set for re-interpretation.
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4L: SRs & Background Estimation

ATLAS-CONF-2016-075

 Irreducible backgrounds:
 Signature: ≥ 4 leptons.
 SR defined based on meff after
vetoing leptons from Z boson.
meff = ETmiss +

pT (l) +
l

pT J

>40GeV

 ZZ, ttZ, ttWZ, VVZ, Higgs, tttt, tttW.
 Estimated from MC simulation.

 Reducible backgrounds:
 1 fake lepton: WZ, WWW, ttW: estimated from MC
 2 fake leptons: tt, Z+jets: estimated from data
using “fake factor method”

J

SRA

SRB

N (e,μ) ≥ 4

N (e,μ) ≥ 4

Z boson veto

Z boson veto

𝑚𝑒𝑓𝑓 > 600𝐺𝑒𝑉 𝑚𝑒𝑓𝑓 > 900𝐺𝑒𝑉
1

Assume λijk Li Lj Ek term violate
2
 multi-lepton final states.

17

4L: Results

ATLAS-CONF-2016-075

 No significant excess beyond SM expectations.
 Exclusion limits are extended to higher C1 mass as well as lower N1 mass.
 Model-independent cross-section limits are also derived.
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Summary
 Three SUSY searches for electroweak
productions using 13TeV datasets are
presented.
 No discovery yet.

 Exclusion limits on gaugino/slepton
masses have been largely extended.
 More studies with full 2015+2016
dataset and new results targeting
compressed region are coming -- stay
tuned!

Thank you for your attention!
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Backup

SR definitions: 2/3L
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SR definitions: 2τ and 4L
2τ

4L
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