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Consider a heavy dark sector with a vector Z’ and a scalar
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Consider a heavy dark sector with a vector Z’ and a scalar

The dark Z’ can be resonantly produced @ LHC, and decays into a pair of 
dark scalar 

The dark scalar        then will fully decay back to SM final states. 
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In the          mass range roughly about 200 GeV ~ 400 GeV, these are the major final 
states of SM particles. Several characteristic features of such processes are: 

❖ The         are pair produced

❖ Multiple       -jets

❖ Low missing energy other than some

Some final states
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ATLAS searches for SUSY with final states of two same sign leptons.  

Recast on 8 TeV search resulted a larger exclusion than the same on 13 TeV.

Here’s the recast
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8 TeV search: 

❖ ATLAS-CONF-2013-007, same sign 
lepton, has three signal regions.

❖ One region requires at least three    -jets.

❖ And is looking at small MET.
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8 TeV search: 

❖ ATLAS-CONF-2013-007, same sign 
lepton, has three signal regions.

❖ One region requires at least three    -jets.

❖ And is looking at small MET.

13 TeV search: 

❖ JHEP 09 (2017) 084, also same sign 
lepton, has 19 signal regions.

❖ None of them requires three     -jets or 
more.

❖ All regions except one either require 
large Effective Mass or large MET.
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Remember, the characteristic features of our 
final states are: 

8 TeV search: 

❖ ATLAS-CONF-2013-007, same sign 
lepton, has three signal regions.

❖ One region requires at least three    -jets.

❖ And is looking at small MET.

13 TeV search: 

❖ JHEP 09 (2017) 084, also same sign 
lepton, has 19 signal regions.

❖ None of them requires three     -jets or 
more.

❖ All regions except one either require 
large Effective Mass or large MET.
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EUROPEAN ORGANISATION FOR NUCLEAR RESEARCH (CERN)

JHEP 09 (2017) 084 CERN-EP-2017-108
5th October 2017

Search for supersymmetry in final states with two

same-sign or three leptons and jets using 36 fb
�1

ofp
s = 13 TeV pp collision data with the ATLAS

detector

The ATLAS Collaboration

A search for strongly produced supersymmetric particles using signatures involving multiple
energetic jets and either two isolated same-sign leptons (e or µ), or at least three isolated
leptons, is presented. The analysis relies on the identification of b-jets and high missing
transverse momentum to achieve good sensitivity. A data sample of proton–proton collisions
at
p

s = 13 TeV recorded with the ATLAS detector at the Large Hadron Collider in 2015 and
2016, corresponding to a total integrated luminosity of 36.1 fb�1, is used for the search. No
significant excess over the Standard Model prediction is observed. The results are interpreted
in several simplified supersymmetric models featuring R-parity conservation or R-parity vi-
olation, extending the exclusion limits from previous searches. In models considering gluino
pair production, gluino masses are excluded up to 1.87 TeV at 95% confidence level. When
bottom squarks are pair-produced and decay to a chargino and a top quark, models with
bottom squark masses below 700 GeV and light neutralinos are excluded at 95% confid-
ence level. In addition, model-independent limits are set on a possible contribution of new
phenomena to the signal region yields.

c� 2017 CERN for the benefit of the ATLAS Collaboration.
Reproduction of this article or parts of it is allowed as specified in the CC-BY-4.0 license.
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Signal region Nsignal
leptons Nb-jets Njets pjet

T Emiss
T me↵ Emiss

T /me↵ Other Targeted
[GeV] [GeV] [GeV] Signal

Rpc2L2bS � 2SS � 2 � 6 > 25 > 200 > 600 > 0.25 – Fig. 1(a)
Rpc2L2bH � 2SS � 2 � 6 > 25 – > 1800 > 0.15 – Fig. 1(a), NUHM2
Rpc2Lsoft1b � 2SS � 1 � 6 > 25 > 100 – > 0.3 20,10 <p`1T ,p`2T < 100 GeV Fig. 1(b)
Rpc2Lsoft2b � 2SS � 2 � 6 > 25 > 200 > 600 > 0.25 20,10 <p`1T ,p`2T < 100 GeV Fig. 1(b)
Rpc2L0bS � 2SS = 0 � 6 > 25 > 150 – > 0.25 – Fig. 1(c)
Rpc2L0bH � 2SS = 0 � 6 > 40 > 250 > 900 – – Fig. 1(c)
Rpc3L0bS � 3 = 0 � 4 > 40 > 200 > 600 – – Fig. 1(d)
Rpc3L0bH � 3 = 0 � 4 > 40 > 200 > 1600 – – Fig. 1(d)
Rpc3L1bS � 3 � 1 � 4 > 40 > 200 > 600 – – Other
Rpc3L1bH � 3 � 1 � 4 > 40 > 200 > 1600 – – Other
Rpc2L1bS � 2SS � 1 � 6 > 25 > 150 > 600 > 0.25 – Fig. 1(e)
Rpc2L1bH � 2SS � 1 � 6 > 25 > 250 – > 0.2 – Fig. 1(e)
Rpc3LSS1b � `±`±`± � 1 – – – – – veto 81<me±e±<101 GeV Fig. 1(f)
Rpv2L1bH � 2SS � 1 � 6 > 50 – > 2200 – – Figs. 1(g), 1(h)
Rpv2L0b = 2SS = 0 � 6 > 40 – > 1800 – veto 81<me±e±<101 GeV Fig. 1(i)
Rpv2L2bH � 2SS � 2 � 6 > 40 – > 2000 – veto 81<me±e±<101 GeV Fig. 1(j)
Rpv2L2bS � `�`� � 2 � 3 > 50 – > 1200 – – Fig. 1(k)
Rpv2L1bS � `�`� � 1 � 4 > 50 – > 1200 – – Fig. 1(l)
Rpv2L1bM � `�`� � 1 � 4 > 50 – > 1800 – – Fig. 1(l)

Table 2: Summary of the signal region definitions. Unless explicitly stated in the table, at least two signal leptons
with pT >20 GeV and same charge (SS) are required in each signal region. Requirements are placed on the number
of signal leptons (Nsignal

leptons), the number of b-jets with pT > 20 GeV (Nb-jets), the number of jets (Njets) above a certain
pT threshold (pjet

T ), Emiss
T , me↵ and/or Emiss

T /me↵ . The last column indicates the targeted signal model. The Rpc3L1b
and Rpc3L1bH SRs are not motivated by a particular signal model and can be seen as a natural extension of the
Rpc3L0b SRs with the same kinematic selections but requiring at least one b-jet.

the production of top quark pairs, and events containing at least one fake or non-prompt (FNP) lepton.
The FNP lepton mainly originates from heavy-flavour hadron decays in events containing top quarks, or
W or Z bosons. Hadrons misidentified as leptons, electrons from photon conversions and leptons from
pion or kaon decays in flight are other possible sources. Data-driven methods used for the estimation of
this reducible background in the signal and validation regions are described in Section 5.1.

The second background category is the irreducible background from events with two same-sign prompt
leptons or at least three prompt leptons and is estimated using the MC simulation samples. Since diboson
and tt̄V events are the main irreducible backgrounds in the signal regions, dedicated validation regions
(VR) with an enhanced contribution from these processes, and small signal contamination, are defined
to verify the background predictions from the simulation (Section 5.2). Section 5.3 discusses the sys-
tematic uncertainties considered when performing the background estimation in the signal and validation
regions.

5.1 Reducible background estimation methods

Charge misidentification is only relevant for electrons. The contribution of charge-flip events to the
SR/VR is estimated using the data. The electron charge-flip probability is extracted in a Z/�⇤ ! ee data
sample using a likelihood fit which takes as input the numbers of same-sign and opposite-sign electron
pairs observed in a window of 10 GeV around the Z boson mass. The charge-flip probability is a free

9

A closer look at 13 TeV
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5th October 2017

Search for supersymmetry in final states with two

same-sign or three leptons and jets using 36 fb
�1

ofp
s = 13 TeV pp collision data with the ATLAS

detector

The ATLAS Collaboration

A search for strongly produced supersymmetric particles using signatures involving multiple
energetic jets and either two isolated same-sign leptons (e or µ), or at least three isolated
leptons, is presented. The analysis relies on the identification of b-jets and high missing
transverse momentum to achieve good sensitivity. A data sample of proton–proton collisions
at
p

s = 13 TeV recorded with the ATLAS detector at the Large Hadron Collider in 2015 and
2016, corresponding to a total integrated luminosity of 36.1 fb�1, is used for the search. No
significant excess over the Standard Model prediction is observed. The results are interpreted
in several simplified supersymmetric models featuring R-parity conservation or R-parity vi-
olation, extending the exclusion limits from previous searches. In models considering gluino
pair production, gluino masses are excluded up to 1.87 TeV at 95% confidence level. When
bottom squarks are pair-produced and decay to a chargino and a top quark, models with
bottom squark masses below 700 GeV and light neutralinos are excluded at 95% confid-
ence level. In addition, model-independent limits are set on a possible contribution of new
phenomena to the signal region yields.

c� 2017 CERN for the benefit of the ATLAS Collaboration.
Reproduction of this article or parts of it is allowed as specified in the CC-BY-4.0 license.
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Rpc2L2bS � 2SS � 2 � 6 > 25 > 200 > 600 > 0.25 – Fig. 1(a)
Rpc2L2bH � 2SS � 2 � 6 > 25 – > 1800 > 0.15 – Fig. 1(a), NUHM2
Rpc2Lsoft1b � 2SS � 1 � 6 > 25 > 100 – > 0.3 20,10 <p`1T ,p`2T < 100 GeV Fig. 1(b)
Rpc2Lsoft2b � 2SS � 2 � 6 > 25 > 200 > 600 > 0.25 20,10 <p`1T ,p`2T < 100 GeV Fig. 1(b)
Rpc2L0bS � 2SS = 0 � 6 > 25 > 150 – > 0.25 – Fig. 1(c)
Rpc2L0bH � 2SS = 0 � 6 > 40 > 250 > 900 – – Fig. 1(c)
Rpc3L0bS � 3 = 0 � 4 > 40 > 200 > 600 – – Fig. 1(d)
Rpc3L0bH � 3 = 0 � 4 > 40 > 200 > 1600 – – Fig. 1(d)
Rpc3L1bS � 3 � 1 � 4 > 40 > 200 > 600 – – Other
Rpc3L1bH � 3 � 1 � 4 > 40 > 200 > 1600 – – Other
Rpc2L1bS � 2SS � 1 � 6 > 25 > 150 > 600 > 0.25 – Fig. 1(e)
Rpc2L1bH � 2SS � 1 � 6 > 25 > 250 – > 0.2 – Fig. 1(e)
Rpc3LSS1b � `±`±`± � 1 – – – – – veto 81<me±e±<101 GeV Fig. 1(f)
Rpv2L1bH � 2SS � 1 � 6 > 50 – > 2200 – – Figs. 1(g), 1(h)
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Rpv2L2bH � 2SS � 2 � 6 > 40 – > 2000 – veto 81<me±e±<101 GeV Fig. 1(j)
Rpv2L2bS � `�`� � 2 � 3 > 50 – > 1200 – – Fig. 1(k)
Rpv2L1bS � `�`� � 1 � 4 > 50 – > 1200 – – Fig. 1(l)
Rpv2L1bM � `�`� � 1 � 4 > 50 – > 1800 – – Fig. 1(l)

Table 2: Summary of the signal region definitions. Unless explicitly stated in the table, at least two signal leptons
with pT >20 GeV and same charge (SS) are required in each signal region. Requirements are placed on the number
of signal leptons (Nsignal

leptons), the number of b-jets with pT > 20 GeV (Nb-jets), the number of jets (Njets) above a certain
pT threshold (pjet

T ), Emiss
T , me↵ and/or Emiss

T /me↵ . The last column indicates the targeted signal model. The Rpc3L1b
and Rpc3L1bH SRs are not motivated by a particular signal model and can be seen as a natural extension of the
Rpc3L0b SRs with the same kinematic selections but requiring at least one b-jet.

the production of top quark pairs, and events containing at least one fake or non-prompt (FNP) lepton.
The FNP lepton mainly originates from heavy-flavour hadron decays in events containing top quarks, or
W or Z bosons. Hadrons misidentified as leptons, electrons from photon conversions and leptons from
pion or kaon decays in flight are other possible sources. Data-driven methods used for the estimation of
this reducible background in the signal and validation regions are described in Section 5.1.

The second background category is the irreducible background from events with two same-sign prompt
leptons or at least three prompt leptons and is estimated using the MC simulation samples. Since diboson
and tt̄V events are the main irreducible backgrounds in the signal regions, dedicated validation regions
(VR) with an enhanced contribution from these processes, and small signal contamination, are defined
to verify the background predictions from the simulation (Section 5.2). Section 5.3 discusses the sys-
tematic uncertainties considered when performing the background estimation in the signal and validation
regions.

5.1 Reducible background estimation methods

Charge misidentification is only relevant for electrons. The contribution of charge-flip events to the
SR/VR is estimated using the data. The electron charge-flip probability is extracted in a Z/�⇤ ! ee data
sample using a likelihood fit which takes as input the numbers of same-sign and opposite-sign electron
pairs observed in a window of 10 GeV around the Z boson mass. The charge-flip probability is a free
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EUROPEAN ORGANISATION FOR NUCLEAR RESEARCH (CERN)

JHEP 09 (2017) 084 CERN-EP-2017-108
5th October 2017

Search for supersymmetry in final states with two

same-sign or three leptons and jets using 36 fb
�1

ofp
s = 13 TeV pp collision data with the ATLAS

detector

The ATLAS Collaboration

A search for strongly produced supersymmetric particles using signatures involving multiple
energetic jets and either two isolated same-sign leptons (e or µ), or at least three isolated
leptons, is presented. The analysis relies on the identification of b-jets and high missing
transverse momentum to achieve good sensitivity. A data sample of proton–proton collisions
at
p

s = 13 TeV recorded with the ATLAS detector at the Large Hadron Collider in 2015 and
2016, corresponding to a total integrated luminosity of 36.1 fb�1, is used for the search. No
significant excess over the Standard Model prediction is observed. The results are interpreted
in several simplified supersymmetric models featuring R-parity conservation or R-parity vi-
olation, extending the exclusion limits from previous searches. In models considering gluino
pair production, gluino masses are excluded up to 1.87 TeV at 95% confidence level. When
bottom squarks are pair-produced and decay to a chargino and a top quark, models with
bottom squark masses below 700 GeV and light neutralinos are excluded at 95% confid-
ence level. In addition, model-independent limits are set on a possible contribution of new
phenomena to the signal region yields.

c� 2017 CERN for the benefit of the ATLAS Collaboration.
Reproduction of this article or parts of it is allowed as specified in the CC-BY-4.0 license.
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Rpc2L2bS � 2SS � 2 � 6 > 25 > 200 > 600 > 0.25 – Fig. 1(a)
Rpc2L2bH � 2SS � 2 � 6 > 25 – > 1800 > 0.15 – Fig. 1(a), NUHM2
Rpc2Lsoft1b � 2SS � 1 � 6 > 25 > 100 – > 0.3 20,10 <p`1T ,p`2T < 100 GeV Fig. 1(b)
Rpc2Lsoft2b � 2SS � 2 � 6 > 25 > 200 > 600 > 0.25 20,10 <p`1T ,p`2T < 100 GeV Fig. 1(b)
Rpc2L0bS � 2SS = 0 � 6 > 25 > 150 – > 0.25 – Fig. 1(c)
Rpc2L0bH � 2SS = 0 � 6 > 40 > 250 > 900 – – Fig. 1(c)
Rpc3L0bS � 3 = 0 � 4 > 40 > 200 > 600 – – Fig. 1(d)
Rpc3L0bH � 3 = 0 � 4 > 40 > 200 > 1600 – – Fig. 1(d)
Rpc3L1bS � 3 � 1 � 4 > 40 > 200 > 600 – – Other
Rpc3L1bH � 3 � 1 � 4 > 40 > 200 > 1600 – – Other
Rpc2L1bS � 2SS � 1 � 6 > 25 > 150 > 600 > 0.25 – Fig. 1(e)
Rpc2L1bH � 2SS � 1 � 6 > 25 > 250 – > 0.2 – Fig. 1(e)
Rpc3LSS1b � `±`±`± � 1 – – – – – veto 81<me±e±<101 GeV Fig. 1(f)
Rpv2L1bH � 2SS � 1 � 6 > 50 – > 2200 – – Figs. 1(g), 1(h)
Rpv2L0b = 2SS = 0 � 6 > 40 – > 1800 – veto 81<me±e±<101 GeV Fig. 1(i)
Rpv2L2bH � 2SS � 2 � 6 > 40 – > 2000 – veto 81<me±e±<101 GeV Fig. 1(j)
Rpv2L2bS � `�`� � 2 � 3 > 50 – > 1200 – – Fig. 1(k)
Rpv2L1bS � `�`� � 1 � 4 > 50 – > 1200 – – Fig. 1(l)
Rpv2L1bM � `�`� � 1 � 4 > 50 – > 1800 – – Fig. 1(l)

Table 2: Summary of the signal region definitions. Unless explicitly stated in the table, at least two signal leptons
with pT >20 GeV and same charge (SS) are required in each signal region. Requirements are placed on the number
of signal leptons (Nsignal

leptons), the number of b-jets with pT > 20 GeV (Nb-jets), the number of jets (Njets) above a certain
pT threshold (pjet

T ), Emiss
T , me↵ and/or Emiss

T /me↵ . The last column indicates the targeted signal model. The Rpc3L1b
and Rpc3L1bH SRs are not motivated by a particular signal model and can be seen as a natural extension of the
Rpc3L0b SRs with the same kinematic selections but requiring at least one b-jet.

the production of top quark pairs, and events containing at least one fake or non-prompt (FNP) lepton.
The FNP lepton mainly originates from heavy-flavour hadron decays in events containing top quarks, or
W or Z bosons. Hadrons misidentified as leptons, electrons from photon conversions and leptons from
pion or kaon decays in flight are other possible sources. Data-driven methods used for the estimation of
this reducible background in the signal and validation regions are described in Section 5.1.

The second background category is the irreducible background from events with two same-sign prompt
leptons or at least three prompt leptons and is estimated using the MC simulation samples. Since diboson
and tt̄V events are the main irreducible backgrounds in the signal regions, dedicated validation regions
(VR) with an enhanced contribution from these processes, and small signal contamination, are defined
to verify the background predictions from the simulation (Section 5.2). Section 5.3 discusses the sys-
tematic uncertainties considered when performing the background estimation in the signal and validation
regions.

5.1 Reducible background estimation methods

Charge misidentification is only relevant for electrons. The contribution of charge-flip events to the
SR/VR is estimated using the data. The electron charge-flip probability is extracted in a Z/�⇤ ! ee data
sample using a likelihood fit which takes as input the numbers of same-sign and opposite-sign electron
pairs observed in a window of 10 GeV around the Z boson mass. The charge-flip probability is a free
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JHEP 09 (2017) 084 CERN-EP-2017-108
5th October 2017

Search for supersymmetry in final states with two

same-sign or three leptons and jets using 36 fb
�1

ofp
s = 13 TeV pp collision data with the ATLAS

detector

The ATLAS Collaboration

A search for strongly produced supersymmetric particles using signatures involving multiple
energetic jets and either two isolated same-sign leptons (e or µ), or at least three isolated
leptons, is presented. The analysis relies on the identification of b-jets and high missing
transverse momentum to achieve good sensitivity. A data sample of proton–proton collisions
at
p

s = 13 TeV recorded with the ATLAS detector at the Large Hadron Collider in 2015 and
2016, corresponding to a total integrated luminosity of 36.1 fb�1, is used for the search. No
significant excess over the Standard Model prediction is observed. The results are interpreted
in several simplified supersymmetric models featuring R-parity conservation or R-parity vi-
olation, extending the exclusion limits from previous searches. In models considering gluino
pair production, gluino masses are excluded up to 1.87 TeV at 95% confidence level. When
bottom squarks are pair-produced and decay to a chargino and a top quark, models with
bottom squark masses below 700 GeV and light neutralinos are excluded at 95% confid-
ence level. In addition, model-independent limits are set on a possible contribution of new
phenomena to the signal region yields.

c� 2017 CERN for the benefit of the ATLAS Collaboration.
Reproduction of this article or parts of it is allowed as specified in the CC-BY-4.0 license.
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Rpc2L2bS � 2SS � 2 � 6 > 25 > 200 > 600 > 0.25 – Fig. 1(a)
Rpc2L2bH � 2SS � 2 � 6 > 25 – > 1800 > 0.15 – Fig. 1(a), NUHM2
Rpc2Lsoft1b � 2SS � 1 � 6 > 25 > 100 – > 0.3 20,10 <p`1T ,p`2T < 100 GeV Fig. 1(b)
Rpc2Lsoft2b � 2SS � 2 � 6 > 25 > 200 > 600 > 0.25 20,10 <p`1T ,p`2T < 100 GeV Fig. 1(b)
Rpc2L0bS � 2SS = 0 � 6 > 25 > 150 – > 0.25 – Fig. 1(c)
Rpc2L0bH � 2SS = 0 � 6 > 40 > 250 > 900 – – Fig. 1(c)
Rpc3L0bS � 3 = 0 � 4 > 40 > 200 > 600 – – Fig. 1(d)
Rpc3L0bH � 3 = 0 � 4 > 40 > 200 > 1600 – – Fig. 1(d)
Rpc3L1bS � 3 � 1 � 4 > 40 > 200 > 600 – – Other
Rpc3L1bH � 3 � 1 � 4 > 40 > 200 > 1600 – – Other
Rpc2L1bS � 2SS � 1 � 6 > 25 > 150 > 600 > 0.25 – Fig. 1(e)
Rpc2L1bH � 2SS � 1 � 6 > 25 > 250 – > 0.2 – Fig. 1(e)
Rpc3LSS1b � `±`±`± � 1 – – – – – veto 81<me±e±<101 GeV Fig. 1(f)
Rpv2L1bH � 2SS � 1 � 6 > 50 – > 2200 – – Figs. 1(g), 1(h)
Rpv2L0b = 2SS = 0 � 6 > 40 – > 1800 – veto 81<me±e±<101 GeV Fig. 1(i)
Rpv2L2bH � 2SS � 2 � 6 > 40 – > 2000 – veto 81<me±e±<101 GeV Fig. 1(j)
Rpv2L2bS � `�`� � 2 � 3 > 50 – > 1200 – – Fig. 1(k)
Rpv2L1bS � `�`� � 1 � 4 > 50 – > 1200 – – Fig. 1(l)
Rpv2L1bM � `�`� � 1 � 4 > 50 – > 1800 – – Fig. 1(l)

Table 2: Summary of the signal region definitions. Unless explicitly stated in the table, at least two signal leptons
with pT >20 GeV and same charge (SS) are required in each signal region. Requirements are placed on the number
of signal leptons (Nsignal

leptons), the number of b-jets with pT > 20 GeV (Nb-jets), the number of jets (Njets) above a certain
pT threshold (pjet

T ), Emiss
T , me↵ and/or Emiss

T /me↵ . The last column indicates the targeted signal model. The Rpc3L1b
and Rpc3L1bH SRs are not motivated by a particular signal model and can be seen as a natural extension of the
Rpc3L0b SRs with the same kinematic selections but requiring at least one b-jet.

the production of top quark pairs, and events containing at least one fake or non-prompt (FNP) lepton.
The FNP lepton mainly originates from heavy-flavour hadron decays in events containing top quarks, or
W or Z bosons. Hadrons misidentified as leptons, electrons from photon conversions and leptons from
pion or kaon decays in flight are other possible sources. Data-driven methods used for the estimation of
this reducible background in the signal and validation regions are described in Section 5.1.

The second background category is the irreducible background from events with two same-sign prompt
leptons or at least three prompt leptons and is estimated using the MC simulation samples. Since diboson
and tt̄V events are the main irreducible backgrounds in the signal regions, dedicated validation regions
(VR) with an enhanced contribution from these processes, and small signal contamination, are defined
to verify the background predictions from the simulation (Section 5.2). Section 5.3 discusses the sys-
tematic uncertainties considered when performing the background estimation in the signal and validation
regions.

5.1 Reducible background estimation methods

Charge misidentification is only relevant for electrons. The contribution of charge-flip events to the
SR/VR is estimated using the data. The electron charge-flip probability is extracted in a Z/�⇤ ! ee data
sample using a likelihood fit which takes as input the numbers of same-sign and opposite-sign electron
pairs observed in a window of 10 GeV around the Z boson mass. The charge-flip probability is a free
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ofp
s = 13 TeV pp collision data with the ATLAS
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The ATLAS Collaboration

A search for strongly produced supersymmetric particles using signatures involving multiple
energetic jets and either two isolated same-sign leptons (e or µ), or at least three isolated
leptons, is presented. The analysis relies on the identification of b-jets and high missing
transverse momentum to achieve good sensitivity. A data sample of proton–proton collisions
at
p

s = 13 TeV recorded with the ATLAS detector at the Large Hadron Collider in 2015 and
2016, corresponding to a total integrated luminosity of 36.1 fb�1, is used for the search. No
significant excess over the Standard Model prediction is observed. The results are interpreted
in several simplified supersymmetric models featuring R-parity conservation or R-parity vi-
olation, extending the exclusion limits from previous searches. In models considering gluino
pair production, gluino masses are excluded up to 1.87 TeV at 95% confidence level. When
bottom squarks are pair-produced and decay to a chargino and a top quark, models with
bottom squark masses below 700 GeV and light neutralinos are excluded at 95% confid-
ence level. In addition, model-independent limits are set on a possible contribution of new
phenomena to the signal region yields.

c� 2017 CERN for the benefit of the ATLAS Collaboration.
Reproduction of this article or parts of it is allowed as specified in the CC-BY-4.0 license.
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Table 2: Summary of the signal region definitions. Unless explicitly stated in the table, at least two signal leptons
with pT >20 GeV and same charge (SS) are required in each signal region. Requirements are placed on the number
of signal leptons (Nsignal

leptons), the number of b-jets with pT > 20 GeV (Nb-jets), the number of jets (Njets) above a certain
pT threshold (pjet

T ), Emiss
T , me↵ and/or Emiss

T /me↵ . The last column indicates the targeted signal model. The Rpc3L1b
and Rpc3L1bH SRs are not motivated by a particular signal model and can be seen as a natural extension of the
Rpc3L0b SRs with the same kinematic selections but requiring at least one b-jet.

the production of top quark pairs, and events containing at least one fake or non-prompt (FNP) lepton.
The FNP lepton mainly originates from heavy-flavour hadron decays in events containing top quarks, or
W or Z bosons. Hadrons misidentified as leptons, electrons from photon conversions and leptons from
pion or kaon decays in flight are other possible sources. Data-driven methods used for the estimation of
this reducible background in the signal and validation regions are described in Section 5.1.

The second background category is the irreducible background from events with two same-sign prompt
leptons or at least three prompt leptons and is estimated using the MC simulation samples. Since diboson
and tt̄V events are the main irreducible backgrounds in the signal regions, dedicated validation regions
(VR) with an enhanced contribution from these processes, and small signal contamination, are defined
to verify the background predictions from the simulation (Section 5.2). Section 5.3 discusses the sys-
tematic uncertainties considered when performing the background estimation in the signal and validation
regions.

5.1 Reducible background estimation methods

Charge misidentification is only relevant for electrons. The contribution of charge-flip events to the
SR/VR is estimated using the data. The electron charge-flip probability is extracted in a Z/�⇤ ! ee data
sample using a likelihood fit which takes as input the numbers of same-sign and opposite-sign electron
pairs observed in a window of 10 GeV around the Z boson mass. The charge-flip probability is a free
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Table 2: Summary of the signal region definitions. Unless explicitly stated in the table, at least two signal leptons
with pT >20 GeV and same charge (SS) are required in each signal region. Requirements are placed on the number
of signal leptons (Nsignal

leptons), the number of b-jets with pT > 20 GeV (Nb-jets), the number of jets (Njets) above a certain
pT threshold (pjet

T ), Emiss
T , me↵ and/or Emiss

T /me↵ . The last column indicates the targeted signal model. The Rpc3L1b
and Rpc3L1bH SRs are not motivated by a particular signal model and can be seen as a natural extension of the
Rpc3L0b SRs with the same kinematic selections but requiring at least one b-jet.

the production of top quark pairs, and events containing at least one fake or non-prompt (FNP) lepton.
The FNP lepton mainly originates from heavy-flavour hadron decays in events containing top quarks, or
W or Z bosons. Hadrons misidentified as leptons, electrons from photon conversions and leptons from
pion or kaon decays in flight are other possible sources. Data-driven methods used for the estimation of
this reducible background in the signal and validation regions are described in Section 5.1.

The second background category is the irreducible background from events with two same-sign prompt
leptons or at least three prompt leptons and is estimated using the MC simulation samples. Since diboson
and tt̄V events are the main irreducible backgrounds in the signal regions, dedicated validation regions
(VR) with an enhanced contribution from these processes, and small signal contamination, are defined
to verify the background predictions from the simulation (Section 5.2). Section 5.3 discusses the sys-
tematic uncertainties considered when performing the background estimation in the signal and validation
regions.

5.1 Reducible background estimation methods

Charge misidentification is only relevant for electrons. The contribution of charge-flip events to the
SR/VR is estimated using the data. The electron charge-flip probability is extracted in a Z/�⇤ ! ee data
sample using a likelihood fit which takes as input the numbers of same-sign and opposite-sign electron
pairs observed in a window of 10 GeV around the Z boson mass. The charge-flip probability is a free
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Search
p
s [TeV] Comments

ATLAS search for a CP-odd
Higgs boson decaying to Zh
[142]

8 Veto events with more than 2 b-
tagged jets kills efficiency

ATLAS search for tt reso-
nances [143]

8 Must have exactly one lepton.
We have too many jets, confuses
search

CMS Pair produced lepto-
quark [144]

8 Looking for bb̄⌧+⌧�. Has minor
sensitivity to overall rates, would
do better with shape analysis but
not enough data is provided to re-
cast this.

ATLAS search for SUSY in
final states with multiple b-
jets [145]

13 Looking for heavy states, so de-
mands large Emiss

T and meff

CMS search for V h [146] 13 Looking for single production.
Needs very boosted hard object.

CMS Di-Higgs ! ⌧⌧ bb̄
[147]

13 Neutral pions decay through mix-
ing with the Higgs. Measurement
uses BDTs and is not recastable.

CMS Low mass vector reso-
nances ! qq̄ [148]

13 Looks for a bump on the falling
soft-drop jet mass spectrum. Not
enough information to recast
the designed decorrelated tagger.
Only sensitive to � & 103 pb.

CMS Vector-like T ! t h
[149]

13 Looking for t h resonance, only
very heavy and needs QCD pro-
duction.

Table 3: Possible search strategies which seem like they should set bounds, but have
limited-to-no sensitivity.

theory model, it is important that the results be presented in such a way that they can be
reproduced without insider knowledge.

31
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UV interpretation
❖ Bosonic Technicolor, Nucl. Phys. B347 

(1990) 625–650

❖ Strongly-coupled Induced EWSB, JHEP 
03 (2015) 017

❖ Stealth Dark Matter, Phys. Rev. D92 
(2015) no. 7, 075030
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❖ We studied a dark sector model within the reach of LHC. 
❖ So far 8 TeV analysis yielded the strongest constraints. 
❖ 13 TeV searches have various issues, including     -jets, Effective 

Mass and MET, etc. 
❖ Model independent analysis has been done with 8 TeV data, but 

not with 13 TeV yet. 
❖ We are having ongoing discussion with              @Oregon about 

dedicated searches. 
❖

EUROPEAN ORGANISATION FOR NUCLEAR RESEARCH (CERN)

JHEP 09 (2017) 084 CERN-EP-2017-108
5th October 2017

Search for supersymmetry in final states with two

same-sign or three leptons and jets using 36 fb
�1

ofp
s = 13 TeV pp collision data with the ATLAS

detector

The ATLAS Collaboration

A search for strongly produced supersymmetric particles using signatures involving multiple
energetic jets and either two isolated same-sign leptons (e or µ), or at least three isolated
leptons, is presented. The analysis relies on the identification of b-jets and high missing
transverse momentum to achieve good sensitivity. A data sample of proton–proton collisions
at
p

s = 13 TeV recorded with the ATLAS detector at the Large Hadron Collider in 2015 and
2016, corresponding to a total integrated luminosity of 36.1 fb�1, is used for the search. No
significant excess over the Standard Model prediction is observed. The results are interpreted
in several simplified supersymmetric models featuring R-parity conservation or R-parity vi-
olation, extending the exclusion limits from previous searches. In models considering gluino
pair production, gluino masses are excluded up to 1.87 TeV at 95% confidence level. When
bottom squarks are pair-produced and decay to a chargino and a top quark, models with
bottom squark masses below 700 GeV and light neutralinos are excluded at 95% confid-
ence level. In addition, model-independent limits are set on a possible contribution of new
phenomena to the signal region yields.

c� 2017 CERN for the benefit of the ATLAS Collaboration.
Reproduction of this article or parts of it is allowed as specified in the CC-BY-4.0 license.
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