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2l+0jets: targets direct ǁ𝜒1
± ǁ𝜒1

± and ሚ𝑙ሚ𝑙 pair production

• Several 1D or 2D binned regions

• Same-flavor: 𝑚𝑙𝑙 vs 𝑚𝑇2

• Different-flavor: 𝑚𝑇2

2l+jets: targets ǁ𝜒1
± ǁ𝜒2

0 associated production via 
gauge bosons

• Several binned regions targeting low and high 
ǁ𝜒1
±/ ǁ𝜒2

0- ǁ𝜒1
0 mass splitting 3



3l+jets: targets ෤𝜒1
± ෤𝜒2

0 associated production

• Same-flavor lepton pairs 

• ET
miss and mT

min

• lepton pairing yielding the minimum mT

• Binned signal regions optimized for the ሚ𝑙-
mediated and gauge-boson-mediated 
decays

• Defined using ET
miss, mT

min, mll and pT
l3 ෤𝜒1

±, ෤𝜒2
0 : pure Wino

෤𝜒1
0: pure Bino
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2l+0jets: inclusive signal 
region with loose 𝑚𝑙𝑙 and 
𝑚𝑇2 cuts 

2l+jets: inclusive signal 
regions targeting 
intermediate and high 

෤𝜒1
± ෤𝜒2

0 - ෤𝜒1
0 mass splitting

3l: signal region targeting 
WZ-mediated decays with 
mll consistent to mZ
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Dominant backgrounds: Z+jets (data-driven estimate using γ+jets) &
di-bosons (MC for shape, Data for normalization)



Slepton masses excluded up to 500 GeV for massless 

෤𝜒1
0 and mass-degenerate left-/right-handed ሚ𝑙
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NLPS masses excluded up to 750 GeV
for massless ෤𝜒1

0



NLPS masses excluded up to 
~580 GeV for massless ෤𝜒1

0
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NLPS masses excluded up to 1150 
GeV for m( ෤𝜒1

0) = 200 GeV
NLPS masses excluded up to 380 
GeV for massless ෤𝜒1

0
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• Well motivated scenarios: 
• Models with light staus can lead to DM relic density 

consistent with cosmological observations 

• Light sleptons could play role in co-annihilation of 

neutralinos (m~O(100) GeV)

• ǁ𝜒1
± ǁ𝜒1

± and ǁ𝜒1
± ǁ𝜒2

0 production with ǁ𝜒1
0 being a 

pure Bino and ǁ𝜏1a pure ǁ𝜏L
• 2 signal regions based on 𝑚𝑇2 and ET

miss

• Cover regions with Δm( ǁ𝜒1
±, ǁ𝜒1

0) ≷ 200 GeV

• Target events with all-hadronic τ decays
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𝑚𝑇2 in the “low-mass” 
signal region

---- ෤𝜒1
± ෤𝜒2

0 production 
with m(C1, N2) = 600 
GeV

---- ෤𝜒1
± ෤𝜒1

± production 
with m(C1) = 600 GeV

෤𝜒1
0 is massless

𝑚𝑇2 in the “high-mass” 
signal region
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Direct ෥𝝌𝟏
±෥𝝌𝟏

± search:

෤𝜒1
± masses excluded up to 630 GeV for massless ෤𝜒1

0

Direct ෥𝝌𝟏
±෥𝝌𝟏

± & ෥𝝌𝟏
±෥𝝌𝟐

𝟎 combined:

෤𝜒1
± / ෤𝜒2

0 masses excluded up to 760 GeV for massless ෤𝜒1
0

Limits significantly extend  previous LEP, ATLAS and CMS results in the high ෤𝜒1
± mass region
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Wino-like chargino production 
with indirect R-parity violation 
decays

෤𝜒1
± masses excluded up to ~1.1 TeV

at 95% CL
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meff distribution

meff = Σ pT(l) + Σ pT(jets) + ET
miss



• 95% CL exclusion limits on 

෤𝜒1
± ෤𝜒1

±, ෤𝜒1
± ෤𝜒2

0, and ෤𝜒2
0 ෤𝜒3

0

production with either SM-
boson-mediated or slepton-
mediated decays

• As a function of the ෤𝜒1
±, ෤𝜒2

0, 
෤𝜒3
0 and ෤𝜒1

0 masses

• The production cross-section 

is for pure wino ෤𝜒1
± ෤𝜒1

± and 

෤𝜒1
± ෤𝜒2

0, and pure higgsino
෤𝜒2
0 ෤𝜒3

0

• ---, --- : analyses involving ǁ𝜏’s
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SUSY/index.html#ATLAS_SUSY_EWSummary


• Searches for the electroweak production of neutralinos, charginos
and sleptons decaying into final states with SM leptons, ET

miss and 
jets are performed

• Absence of significant excess over the SM background expectations 
 results used to set exclusion limits on several simplified SUSY 
scenarios

• Gaugino masses are excluded up to  ~1.05 TeV assuming massless 
LSP ǁ𝜒1

0

• ATLAS aims to use even more advance techniques and analyze the 
new LHC data, in order maximize sensitivity in the quest of SUSY!
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• Summary plots from the ATLAS Supersymmetry physics group, 
Webpage

• Search for electroweak production of supersymmetric particles in 
the two and three lepton final state at √=13TeV with the ATLAS 
detector, ATLAS-CONF-2017-039

• Search for the direct production of charginos and neutralinos in final 
states with tau leptons in s√= 13 TeV pp collisions with the ATLAS 
detector, ATLAS-CONF-2017-035

• Search for supersymmetry in events with four or more leptons in 
s√=13TeV pp collisions using 13.3fb−1 of ATLAS data, ATLAS-CONF-
2016-075
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SUSY/index.html
https://cds.cern.ch/record/2267406
https://cds.cern.ch/record/2265807
https://cds.cern.ch/record/2206245
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The Venetian Walls of Nicosia, Cyprus

Built: 1567–1570
Architect: Giulio Savorgnano
Republic of Venice
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Binned signal regions are used to 
maximize exclusion sensitivity across 
the C1C1 pair production and direct 
slepton pair production grids. 
In the SF regions a two-dimensional 
binning in mT2 and m is used as this 
provides strong rejection against the 
Z/γ+jets background 
In the DF regions, where the Z/γ+jets
background is negligible a one-
dimensional binning in mT2 is 
sufficient.
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* SR2-int and SR2-high (inclusive) are used to target
intermediate and large mass splittings between the 
C1N2 and the LSP.
* SR2-low is  defined to target lower mass splittings
(in particular, the region of parameter space around 
{m( C1)=m( C2 ), m(N1)} = {200,100} GeV)
* SR2-low-2J requires exactly two jets which are 
both assumed to originate from the W boson
* SR2-low-3J requires 3–5 signal jets and assumes 
the C1N2 system recoils against
initial-state-radiation (ISR) jets - The two jets 
originating from the W boson are selected to be 
those closest to the Z (→ ) + E T miss system that 
have a mass mjj consistent with the mass of the W 
boson.
* SR2-low: a W boson recoiling against the Z+MET 
system for SR2-low-2J and a W +Z+MET system
recoiling against ISR jets in SR2-low-3J
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To resolve ambiguities when multiple SFOS pairings are present, the transverse mass value of the 
unpaired lepton is calculated for each possible SFOS pairing and the lepton that yields the minimum 
transverse mass is assigned to the W boson
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Mass of lightest 3rd-generation sparticles, ෤χ± and 
෤χ0should be ~O(100 GeV) 

- arguments suggested by Naturalness to protect mH

from quadratically divergent quantum corrections

Models with light ǁ𝜏 are consistent with current matter 
data from cosmological observations 

 In the context of pMSSM, EW production of direct ǁ𝜏’s 
becomes dominant if ෤χ± and ෤χ0are heavy (     is bino-like):
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Simplified model with 
stau mixing



• SR-lowMass (SR-highMass) to cover signal models where the mass difference between the C1/N1 is 
smaller (larger) than 200 GeV.

• In SR-lowMass, only the di-tau+E T miss trigger is used
• In SR-highMass events are selected with the di-tau+E T miss trigger or by the asymmetric di-tau 

trigger
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• CR-B and CR-C, events are recorded 
using a di-tau trigger

• multi-jet events in the control and 
validation regions is estimated from 
data after subtraction

• of other SM contributions 
estimated from MC simulation

• CR-B and VR-E more than 86 % of 
the events come from multi-jet 
production

• CR-A and CR-C the multi-jet purity is 
larger than 47 % and 68 %, 
respectively

• The signal contamination in CR-A 
for both SRs ranges from a few 
percent to 30–50 % for a few signal 
models, and it is taken into account 
in the simultaneous fit
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 Simplified models of with RPC cascade & RPV decay scenarios 
where the LSP is a bino-like       & prompt 10 ≤ mLSP ≤ mNLSP -10 GeV

 The RPV LSP decay is mediated by the lepton-number-violating 
super-potential term:

Yukawa coupling

Lepton SU(2)-doublet super-field

Lepton singlet 
super-field

 Two extreme scenarios of the λijk RPV couplings are considered 
with different sensitivity
 LLE12k: e,μ - enriched
 LLEi33: τ-favored

m-degenerate wino-like NLSP

m-degenerate                   

gluino pair-produced NLSP
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To account correctly for the relative abundances of fake lepton 
types and production processes, a weighted average Fw of fake 
factors is computed in each CR, as:

Number of reducible backgrounds 
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