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• Supersymmetry (SUSY) à fermion-boson symmetry à  
super-partners for each SM particle 
• gluons à spin-½ gluinos (g)  
• top/bottom à stop (t) and sbottom (b), scalar quarks 
• W/Z/γ/h à spin-½ charginos (χ±) and neutralinos (χ0)  
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• gluons à spin-½ gluinos (g)  
• top/bottom à stop (t) and sbottom (b), scalar quarks 
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• Model considered in this search: gluino pair production with (off-
shell) stop/sbottom in their decay products (ATLAS-CONF-2017-021) 

Gtt model 
Analysis in  
0-lepton and  
1-lepton 
channels

Gbb model 
Analysis in  
0-lepton 
channel

or sbottom are assumed to be o�-shell in order to have simplified models with only two parameters: the
gluino and �̃0

1 masses2. All other sparticles are decoupled.

Two simplified models are used to optimise the event selection in addition to interpreting the results. In
the Gbb (Gtt) model, illustrated in Figure 1(a) (1(b)), each gluino undergoes an e�ective three-body decay
g̃ ! bb̄ �̃0

1 (g̃ ! tt̄ �̃0
1) via o�-shell sbottom (stop) quarks, with a branching ratio of 100%. The Gbb

model is the simplest in terms of object multiplicity, resulting in the minimal common features of four
b-jets and two �̃0

1. In addition to these objects, the Gtt model produces four W bosons originating from the
top quark decays: t ! W b. The presence of these four W bosons motivates the design of signal regions
with a higher jet multiplicity than for Gbb models, and in some cases with at least one isolated electron or
muon.
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Figure 1: The decay topologies in the (a) Gbb and (b) Gtt simplified models.

This note includes a novel interpretation that probes the sensitivity of the search as a function of the gluino
branching ratio, in addition to the gluino and �̃0

1 masses. For that interpretation a third gluino decay
is considered: g̃ ! tb �̃±1 (via the o�-shell stop decay t̃1 ! b �̃±1 ). The �̃±1 is then forced to decay as
�̃±1 ! W ⇤ �̃0

1 ! f f̄ 0 �̃0
1 (where f stands for a fermion). To keep the numbers of model parameters at only

two, the mass di�erence between the �̃±1 and the �̃0
1 is fixed to 2 GeV. Such a small mass splitting between

the �̃±1 and the �̃0
1 is typical of models where the �̃0

1 is Higgsino-like (see e.g. Ref. [27]), which are well
motivated by naturalness. Consequently, the products of the decay W ⇤ ! f f̄ 0 are typically too soft to
be detected, except for very large mass di�erences between the gluino and the �̃±1 . Thus, in this model,
the gluino can decay as either g̃ ! bb̄ �̃0

1, g̃ ! tb �̃±1 (with �̃±1 ! f f̄ 0 �̃0
1) or g̃ ! tt̄ �̃0

1, with the sum
of individual branching ratios adding up to 100%. This model probes more realistic scenarios where the
branching ratio to either g̃ ! bb̄ �̃0

1 or g̃ ! tt̄ �̃0
1 is not 100%, and where one, two or three top quarks, and

thus on-shell W bosons, are possible in the final state, in-between the Gbb (no top quarks) and Gtt (four
top quarks) decay topologies. The decay topologies that are considered in the variable branching ratio
model are illustrated in Figure 2. The model also includes the Gbb and Gtt decay topologies illustrated in
Figure 1. A limited set of 10 mass points are generated for this variable branching ratio model with mg̃

varying from 1.5 TeV to 2.3 TeV and m �̃0
1

varying from 1 GeV to 1 TeV.

The technical implementation of the simulated samples produced from these models is described in
Section 4.

2 Models with on-shell sbottom and stop were studied in Run 1 [26] and the limits on the gluino and the �̃0
1 masses were found

to be mostly independent of the stop and sbottom masses, except when the stop is very light.
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• Model considered in this search: gluino pair production with (off-
shell) stop/sbottom in their decay products (ATLAS-CONF-2017-021) 

• In both cases final state with multiple (b)-jets and missing 
transverse momentum 

• Main background is tt with at least 1 lepton 
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• Discriminating variables used to define multiple signal-enriched 
regions (SRs), based on specific benchmark models  

• Observed yields are compared with SM predictions

Analysis Strategy (I)

2

HistFitter and analysis strategies

Analysis strategy and framework

HistFitter was built around the concept of control, validation and signal regions.

Control regions to constrain
the backgrounds.

Extrapolation to signal
regions.

Validation regions to check
the extrapolation.

All regions orthogonal! !
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) Standard analysis strategy, rigorously implemented in HistFitter.

Jeanette Lorenz (LMU) Introduction to HistFitter 26.06.2014 7
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• Discriminating variables used to define multiple signal-enriched 
regions (SRs), based on specific benchmark models  

• Observed yields are compared with SM predictions

Analysis Strategy (I)

Background estimation 
• tt normalization derived in 

control regions (CRs) and tested 
in validation regions (VRs) 

• Other backgrounds à Monte 
Carlo Simulation 

• Data-driven QCD estimate  
• Corresponding SRs, CRs and 

VRs are orthogonal 

2

HistFitter and analysis strategies

Analysis strategy and framework
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Control regions to constrain
the backgrounds.

Extrapolation to signal
regions.

Validation regions to check
the extrapolation.

All regions orthogonal! !

 !

!

!

!

!

observable!1!

ob
se
rv
ab
le
!2
!

) Standard analysis strategy, rigorously implemented in HistFitter.

Jeanette Lorenz (LMU) Introduction to HistFitter 26.06.2014 7



Chiara Rizzi, ALPS 2017

Analysis Strategy (II)
Two different analysis strategies carried out in parallel  

Single-Bin Strategy 

• Several overlapping 
single-bin SRs 

• Each optimized for 
discovery in a specific 
region of phase space 

• Ideal also to provide 
model-independent 
upper limits easy to 
reinterpret 

Multi-Bin Strategy 

• Several orthogonal SRs, 
designed to be combined 

• Each SR individually 
does not provide great 
discovery power 

• The combined fit leads 
to better model-
dependent exclusion 

3
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Analysis Strategy (II)
Two different analysis strategies carried out in parallel  

Single-Bin Strategy 

• Several overlapping 
single-bin SRs 

• Each optimized for 
discovery in a specific 
region of phase space 

• Ideal also to provide 
model-independent 
upper limits easy to 
reinterpret 

Multi-Bin Strategy 

• Several orthogonal SRs, 
designed to be combined 

• Each SR individually 
does not provide great 
discovery power 

• The combined fit leads 
to better model-
dependent exclusion 

Focus of 
this talk
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Multi-bin Strategy
The phase space is sliced in several bins based on number of leptons, number 
of jets (Njets) and effective mass (meff)

Different number of 
top quarks à 
different jet 
multiplicities

4
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Multi-bin Strategy
The phase space is sliced in several bins based on number of leptons, number 
of jets (Njets) and effective mass (meff)

Different number of 
top quarks à 
different jet 
multiplicities

meff à sensitive to different 
m(g)-m(χ0) splitting

4

Corrections derived from data control samples are applied to simulated events to account for di�erences
between data and simulation in the reconstruction e�ciencies, momentum scale and resolution of leptons,
in the e�ciency and false positive rate for identifying b-jets, and in the e�ciency for rejecting jets
originating from pileup interactions.

6 Event preselection

The event selection criteria are defined based on kinematic requirements on the objects defined in Section 5
and on the following event variables.

The e�ective mass variable (me�) is defined as:

me� =
X

i

pT
jeti +

X

j

p` j

T + Emiss
T ,

where the first and second sums are over the selected jets (Njet) and leptons (Nlepton), respectively. It
typically has a much higher value in pair-produced gluino events than in background events.

In regions with at least one selected lepton, the transverse mass mT composed of the pT of the leading
selected lepton (`) and Emiss

T is defined as:

mT =
q

2p`TEmiss
T {1 � cos[��(~pmiss

T , ~p`T)]}.

It is used to discriminate between the signal and backgrounds from semi-leptonic tt̄ and W+jets events.
Neglecting resolution e�ects, the mT distribution for these backgrounds is bounded from above by the W
boson mass and typically has higher values for Gtt events. Another useful transverse mass variable is
mb-jets

T,min, the minimum transverse mass formed by Emiss
T and any of the three highest-pT b-tagged jets in the

event:
mb-jets

T,min = mini3

 q
2pb-jeti

T Emiss
T {1 � cos[��(~pmiss

T , ~pb-jeti
T )]}

!
.

It is bounded from above by the top quark mass for semi-leptonic tt̄ events, while peaking at higher values
for Gbb and Gtt events.

The total jet mass variable is defined as:

M⌃J =
X

i4
mJ, i,

where mJ, i is the mass of the large-radius re-clustered jet i in the event. The decay products of a
hadronically-decaying boosted top quarks can be reconstructed in a single large-radius re-clustered jet,
resulting in a jet with a high mass. This variable will typically have larger values for Gtt events, which
contain as much as four hadronically-decaying top quarks, then background, which is dominated by
semi-leptonic and di-leptonic tt̄ events.

The requirement of a selected lepton, with the additional requirements on jets, Emiss
T and event variables

described in Section 7, makes the multijet background negligible for the � 1-lepton signal regions. For

9
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Region Definition
14 orthogonal regions

• In each region, selections over other kinematic variables are 
optimized  

• All regions require ≥ 3 b-jets (b-tagged with a 77% efficiency) 
• One CR defined for each pair of 1L-0L SRs corresponding to the 

same Njet-meff bin 
• Dedicated 0L region to target Initial State Radiation (ISR)  
      topology in Gbb models

5

SRs probing the Gtt model in 0-lepton channel are described in Table 4. They follow a similar strategy
as for the Gtt 1-lepton regions above. Background composition studies performed on simulated event
samples show that semileptonic tt̄ events, for which the lepton is out of acceptance or is a hadronically
decaying ⌧-lepton, dominate in the SRs. Thus, CRs to normalise the tt̄ +jets background make use of
the 1-lepton channel, requiring the presence of exactly one signal lepton. An inverted selection on mT is
applied to suppress overlaps with the 1-lepton SRs. The background prediction is validated in a 0-lepton
region, inverting the M⌃J selection to suppress any overlap with the SRs.

Regions targeting the Gbb model are presented in Table 5. The region definition follows the same pattern
as for Gtt-0L regions, in particular for regions A–C. For very small values of �m, the Gbb signal does
not lead to a significant amount of Emiss

T , except if a hard ISR jet recoils against the the gluino pair. Such
events are targeted by region D that identifies an ISR-jet candidate as a non-b-tagged high-pT leading jet
(j1), with a large azimuthal separation ��j1 with respect to ~pT

miss. Similarly, the normalisation of the tt̄
background is performed in a 1-lepton CR, to which an inverted selection on mT is applied to suppress the
overlaps with Gtt 1-lepton SRs and the corresponding signal contamination. 0-lepton VRs are constructed
in the 0-lepton channel with selections very close to the SR ones. They are mutually exclusive due to an
inverted Emiss

T selection in the VR.

7.2 Multi-bin analysis

Figures 3 and 4 show that a good separation between signal and background can be achieved with various
kinematic variables. The distribution of Njet and me� for di�erent signal benchmarks and �m values is
used to build a two-dimensional slicing of the phase space in a set of non-overlapping SRs, CRs and VRs
that can be statistically combined. The slicing scheme is presented in Figure 5.

The low-Njet region probes especially Gbb-like models, for which the number of hard jets is lower than
decay topologies containing top quarks. This category of events will thus only be considered in the

effLow m
eff        m
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eff

High m
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Figure 5: Scheme of the multi-bin analysis for the (a) 0-lepton and (b) 1-lepton regions. The name of the regions
is also displayed: "H" stands for "high", "I" for "intermediate" and "L" for "low". The first letter describes the jet
multiplicity bin, while the second defines the me� bin. In the 0-lepton channel, the 0L-ISR region is represented in
red. It is a subset of IL, LL, II and LI regions, and maintained mutually exclusive with them as detailed in the text.
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15
Chiara Rizzi, ALPS 2017

Region Definition
14 orthogonal regions

• In each region, selections over other kinematic variables are 
optimized  

• All regions require ≥ 3 b-jets (b-tagged with a 77% efficiency) 
• One CR defined for each pair of 1L-0L SRs corresponding to the 

same Njet-meff bin (e.g. 0L-HI and 1L-HI share the same CR) 
• Dedicated 0L region to target Initial State Radiation (ISR)  
      topology in Gbb models
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Region Definition
14 orthogonal regions

• In each region, selections over other kinematic variables are 
optimized  

• All regions require ≥ 3 b-jets (b-tagged with a 77% efficiency) 
• One CR defined for each pair of 1L-0L SRs corresponding to the 

same Njet-meff bin 
• Dedicated 0L region to target Initial State Radiation (ISR) 
      topology in Gbb models

5

SRs probing the Gtt model in 0-lepton channel are described in Table 4. They follow a similar strategy
as for the Gtt 1-lepton regions above. Background composition studies performed on simulated event
samples show that semileptonic tt̄ events, for which the lepton is out of acceptance or is a hadronically
decaying ⌧-lepton, dominate in the SRs. Thus, CRs to normalise the tt̄ +jets background make use of
the 1-lepton channel, requiring the presence of exactly one signal lepton. An inverted selection on mT is
applied to suppress overlaps with the 1-lepton SRs. The background prediction is validated in a 0-lepton
region, inverting the M⌃J selection to suppress any overlap with the SRs.

Regions targeting the Gbb model are presented in Table 5. The region definition follows the same pattern
as for Gtt-0L regions, in particular for regions A–C. For very small values of �m, the Gbb signal does
not lead to a significant amount of Emiss

T , except if a hard ISR jet recoils against the the gluino pair. Such
events are targeted by region D that identifies an ISR-jet candidate as a non-b-tagged high-pT leading jet
(j1), with a large azimuthal separation ��j1 with respect to ~pT

miss. Similarly, the normalisation of the tt̄
background is performed in a 1-lepton CR, to which an inverted selection on mT is applied to suppress the
overlaps with Gtt 1-lepton SRs and the corresponding signal contamination. 0-lepton VRs are constructed
in the 0-lepton channel with selections very close to the SR ones. They are mutually exclusive due to an
inverted Emiss

T selection in the VR.

7.2 Multi-bin analysis

Figures 3 and 4 show that a good separation between signal and background can be achieved with various
kinematic variables. The distribution of Njet and me� for di�erent signal benchmarks and �m values is
used to build a two-dimensional slicing of the phase space in a set of non-overlapping SRs, CRs and VRs
that can be statistically combined. The slicing scheme is presented in Figure 5.

The low-Njet region probes especially Gbb-like models, for which the number of hard jets is lower than
decay topologies containing top quarks. This category of events will thus only be considered in the

effLow m
eff        m

Intermediate
eff

High m

 6≤ jet N≤4 

 8≤ jet N≤7 

 9≥ jetN

0L-LL

0L-IL

0L-HL

0L-LI

0L-II

0L-HI

0L-LH

0L-HH

0L-ISR

(a)

effLow m
eff        m

Intermediate
eff

High m

 7≤ jet N≤6 

 8≥ jetN

1L-IL

1L-HL

1L-II

1L-HI

1L-HH

(b)

Figure 5: Scheme of the multi-bin analysis for the (a) 0-lepton and (b) 1-lepton regions. The name of the regions
is also displayed: "H" stands for "high", "I" for "intermediate" and "L" for "low". The first letter describes the jet
multiplicity bin, while the second defines the me� bin. In the 0-lepton channel, the 0L-ISR region is represented in
red. It is a subset of IL, LL, II and LI regions, and maintained mutually exclusive with them as detailed in the text.
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How These Variables Look in Data

6ATLAS-CONF-2017-021
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Background Fit Results
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are derived in CRs 
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and SRs 
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HistFitter and analysis strategies

Analysis strategy and framework
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• SRs à no significant excess in the SRs 
• Small excess at high meff and high Njets

https://cds.cern.ch/record/2258143
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Model Dependent Limits

8

The results of the multi-bin strategy are used to set limits on the Gbb 
and Gtt simplified models

Observed limit weaker than expected due to the small excess in the high meff 
and high Njet region

ATLAS-CONF-2017-021

https://cds.cern.ch/record/2258143
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Conclusion

9

• I have presented a search for gluino pair production, decaying via 
stop/sbottom, in  final states with: 
• Multiple (b-)jets 
• Missing transverse momentum 
• 0 or at least 1 lepton 

• 2015+2016 data (36 fb-1) collected by the ATLAS detector have been 
analyzed 

• These results have been made public for Moriond EW 2017   (ATLAS-
CONF-2017-021) 

• No significant excess has been observed, thus limits are set on 
simplified models. Gluino limits for massless neutralino: 
• Gbb à 1.92 TeV 
• Gtt   à 1.97 TeV 

• The limits set considerably extend the ones from 2015 

https://cds.cern.ch/record/2258143
https://cds.cern.ch/record/2258143
https://cds.cern.ch/record/2258143
https://cds.cern.ch/record/2258143
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Low Njet Regions

or sbottom are assumed to be o�-shell in order to have simplified models with only two parameters: the
gluino and �̃0

1 masses2. All other sparticles are decoupled.

Two simplified models are used to optimise the event selection in addition to interpreting the results. In
the Gbb (Gtt) model, illustrated in Figure 1(a) (1(b)), each gluino undergoes an e�ective three-body decay
g̃ ! bb̄ �̃0

1 (g̃ ! tt̄ �̃0
1) via o�-shell sbottom (stop) quarks, with a branching ratio of 100%. The Gbb

model is the simplest in terms of object multiplicity, resulting in the minimal common features of four
b-jets and two �̃0

1. In addition to these objects, the Gtt model produces four W bosons originating from the
top quark decays: t ! W b. The presence of these four W bosons motivates the design of signal regions
with a higher jet multiplicity than for Gbb models, and in some cases with at least one isolated electron or
muon.

g̃

g̃
p

p

�̃0
1

b

b

�̃0
1

b

b

(a) (b)

Figure 1: The decay topologies in the (a) Gbb and (b) Gtt simplified models.

This note includes a novel interpretation that probes the sensitivity of the search as a function of the gluino
branching ratio, in addition to the gluino and �̃0

1 masses. For that interpretation a third gluino decay
is considered: g̃ ! tb �̃±1 (via the o�-shell stop decay t̃1 ! b �̃±1 ). The �̃±1 is then forced to decay as
�̃±1 ! W ⇤ �̃0

1 ! f f̄ 0 �̃0
1 (where f stands for a fermion). To keep the numbers of model parameters at only

two, the mass di�erence between the �̃±1 and the �̃0
1 is fixed to 2 GeV. Such a small mass splitting between

the �̃±1 and the �̃0
1 is typical of models where the �̃0

1 is Higgsino-like (see e.g. Ref. [27]), which are well
motivated by naturalness. Consequently, the products of the decay W ⇤ ! f f̄ 0 are typically too soft to
be detected, except for very large mass di�erences between the gluino and the �̃±1 . Thus, in this model,
the gluino can decay as either g̃ ! bb̄ �̃0

1, g̃ ! tb �̃±1 (with �̃±1 ! f f̄ 0 �̃0
1) or g̃ ! tt̄ �̃0

1, with the sum
of individual branching ratios adding up to 100%. This model probes more realistic scenarios where the
branching ratio to either g̃ ! bb̄ �̃0

1 or g̃ ! tt̄ �̃0
1 is not 100%, and where one, two or three top quarks, and

thus on-shell W bosons, are possible in the final state, in-between the Gbb (no top quarks) and Gtt (four
top quarks) decay topologies. The decay topologies that are considered in the variable branching ratio
model are illustrated in Figure 2. The model also includes the Gbb and Gtt decay topologies illustrated in
Figure 1. A limited set of 10 mass points are generated for this variable branching ratio model with mg̃

varying from 1.5 TeV to 2.3 TeV and m �̃0
1

varying from 1 GeV to 1 TeV.

The technical implementation of the simulated samples produced from these models is described in
Section 4.

2 Models with on-shell sbottom and stop were studied in Run 1 [26] and the limits on the gluino and the �̃0
1 masses were found

to be mostly independent of the stop and sbottom masses, except when the stop is very light.

3
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High Njet Regions

or sbottom are assumed to be o�-shell in order to have simplified models with only two parameters: the
gluino and �̃0

1 masses2. All other sparticles are decoupled.

Two simplified models are used to optimise the event selection in addition to interpreting the results. In
the Gbb (Gtt) model, illustrated in Figure 1(a) (1(b)), each gluino undergoes an e�ective three-body decay
g̃ ! bb̄ �̃0

1 (g̃ ! tt̄ �̃0
1) via o�-shell sbottom (stop) quarks, with a branching ratio of 100%. The Gbb

model is the simplest in terms of object multiplicity, resulting in the minimal common features of four
b-jets and two �̃0

1. In addition to these objects, the Gtt model produces four W bosons originating from the
top quark decays: t ! W b. The presence of these four W bosons motivates the design of signal regions
with a higher jet multiplicity than for Gbb models, and in some cases with at least one isolated electron or
muon.
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p
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�̃0
1
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b

�̃0
1
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(a) (b)

Figure 1: The decay topologies in the (a) Gbb and (b) Gtt simplified models.

This note includes a novel interpretation that probes the sensitivity of the search as a function of the gluino
branching ratio, in addition to the gluino and �̃0

1 masses. For that interpretation a third gluino decay
is considered: g̃ ! tb �̃±1 (via the o�-shell stop decay t̃1 ! b �̃±1 ). The �̃±1 is then forced to decay as
�̃±1 ! W ⇤ �̃0

1 ! f f̄ 0 �̃0
1 (where f stands for a fermion). To keep the numbers of model parameters at only

two, the mass di�erence between the �̃±1 and the �̃0
1 is fixed to 2 GeV. Such a small mass splitting between

the �̃±1 and the �̃0
1 is typical of models where the �̃0

1 is Higgsino-like (see e.g. Ref. [27]), which are well
motivated by naturalness. Consequently, the products of the decay W ⇤ ! f f̄ 0 are typically too soft to
be detected, except for very large mass di�erences between the gluino and the �̃±1 . Thus, in this model,
the gluino can decay as either g̃ ! bb̄ �̃0

1, g̃ ! tb �̃±1 (with �̃±1 ! f f̄ 0 �̃0
1) or g̃ ! tt̄ �̃0

1, with the sum
of individual branching ratios adding up to 100%. This model probes more realistic scenarios where the
branching ratio to either g̃ ! bb̄ �̃0

1 or g̃ ! tt̄ �̃0
1 is not 100%, and where one, two or three top quarks, and

thus on-shell W bosons, are possible in the final state, in-between the Gbb (no top quarks) and Gtt (four
top quarks) decay topologies. The decay topologies that are considered in the variable branching ratio
model are illustrated in Figure 2. The model also includes the Gbb and Gtt decay topologies illustrated in
Figure 1. A limited set of 10 mass points are generated for this variable branching ratio model with mg̃

varying from 1.5 TeV to 2.3 TeV and m �̃0
1

varying from 1 GeV to 1 TeV.

The technical implementation of the simulated samples produced from these models is described in
Section 4.

2 Models with on-shell sbottom and stop were studied in Run 1 [26] and the limits on the gluino and the �̃0
1 masses were found

to be mostly independent of the stop and sbottom masses, except when the stop is very light.

3
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Gtt-1L

or sbottom are assumed to be o�-shell in order to have simplified models with only two parameters: the
gluino and �̃0

1 masses2. All other sparticles are decoupled.

Two simplified models are used to optimise the event selection in addition to interpreting the results. In
the Gbb (Gtt) model, illustrated in Figure 1(a) (1(b)), each gluino undergoes an e�ective three-body decay
g̃ ! bb̄ �̃0

1 (g̃ ! tt̄ �̃0
1) via o�-shell sbottom (stop) quarks, with a branching ratio of 100%. The Gbb

model is the simplest in terms of object multiplicity, resulting in the minimal common features of four
b-jets and two �̃0

1. In addition to these objects, the Gtt model produces four W bosons originating from the
top quark decays: t ! W b. The presence of these four W bosons motivates the design of signal regions
with a higher jet multiplicity than for Gbb models, and in some cases with at least one isolated electron or
muon.
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1

b

b

�̃0
1
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(a) (b)

Figure 1: The decay topologies in the (a) Gbb and (b) Gtt simplified models.

This note includes a novel interpretation that probes the sensitivity of the search as a function of the gluino
branching ratio, in addition to the gluino and �̃0

1 masses. For that interpretation a third gluino decay
is considered: g̃ ! tb �̃±1 (via the o�-shell stop decay t̃1 ! b �̃±1 ). The �̃±1 is then forced to decay as
�̃±1 ! W ⇤ �̃0

1 ! f f̄ 0 �̃0
1 (where f stands for a fermion). To keep the numbers of model parameters at only

two, the mass di�erence between the �̃±1 and the �̃0
1 is fixed to 2 GeV. Such a small mass splitting between

the �̃±1 and the �̃0
1 is typical of models where the �̃0

1 is Higgsino-like (see e.g. Ref. [27]), which are well
motivated by naturalness. Consequently, the products of the decay W ⇤ ! f f̄ 0 are typically too soft to
be detected, except for very large mass di�erences between the gluino and the �̃±1 . Thus, in this model,
the gluino can decay as either g̃ ! bb̄ �̃0

1, g̃ ! tb �̃±1 (with �̃±1 ! f f̄ 0 �̃0
1) or g̃ ! tt̄ �̃0

1, with the sum
of individual branching ratios adding up to 100%. This model probes more realistic scenarios where the
branching ratio to either g̃ ! bb̄ �̃0

1 or g̃ ! tt̄ �̃0
1 is not 100%, and where one, two or three top quarks, and

thus on-shell W bosons, are possible in the final state, in-between the Gbb (no top quarks) and Gtt (four
top quarks) decay topologies. The decay topologies that are considered in the variable branching ratio
model are illustrated in Figure 2. The model also includes the Gbb and Gtt decay topologies illustrated in
Figure 1. A limited set of 10 mass points are generated for this variable branching ratio model with mg̃

varying from 1.5 TeV to 2.3 TeV and m �̃0
1

varying from 1 GeV to 1 TeV.

The technical implementation of the simulated samples produced from these models is described in
Section 4.

2 Models with on-shell sbottom and stop were studied in Run 1 [26] and the limits on the gluino and the �̃0
1 masses were found

to be mostly independent of the stop and sbottom masses, except when the stop is very light.
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Gtt-0L

or sbottom are assumed to be o�-shell in order to have simplified models with only two parameters: the
gluino and �̃0

1 masses2. All other sparticles are decoupled.

Two simplified models are used to optimise the event selection in addition to interpreting the results. In
the Gbb (Gtt) model, illustrated in Figure 1(a) (1(b)), each gluino undergoes an e�ective three-body decay
g̃ ! bb̄ �̃0

1 (g̃ ! tt̄ �̃0
1) via o�-shell sbottom (stop) quarks, with a branching ratio of 100%. The Gbb

model is the simplest in terms of object multiplicity, resulting in the minimal common features of four
b-jets and two �̃0

1. In addition to these objects, the Gtt model produces four W bosons originating from the
top quark decays: t ! W b. The presence of these four W bosons motivates the design of signal regions
with a higher jet multiplicity than for Gbb models, and in some cases with at least one isolated electron or
muon.
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Figure 1: The decay topologies in the (a) Gbb and (b) Gtt simplified models.

This note includes a novel interpretation that probes the sensitivity of the search as a function of the gluino
branching ratio, in addition to the gluino and �̃0

1 masses. For that interpretation a third gluino decay
is considered: g̃ ! tb �̃±1 (via the o�-shell stop decay t̃1 ! b �̃±1 ). The �̃±1 is then forced to decay as
�̃±1 ! W ⇤ �̃0

1 ! f f̄ 0 �̃0
1 (where f stands for a fermion). To keep the numbers of model parameters at only

two, the mass di�erence between the �̃±1 and the �̃0
1 is fixed to 2 GeV. Such a small mass splitting between

the �̃±1 and the �̃0
1 is typical of models where the �̃0

1 is Higgsino-like (see e.g. Ref. [27]), which are well
motivated by naturalness. Consequently, the products of the decay W ⇤ ! f f̄ 0 are typically too soft to
be detected, except for very large mass di�erences between the gluino and the �̃±1 . Thus, in this model,
the gluino can decay as either g̃ ! bb̄ �̃0

1, g̃ ! tb �̃±1 (with �̃±1 ! f f̄ 0 �̃0
1) or g̃ ! tt̄ �̃0

1, with the sum
of individual branching ratios adding up to 100%. This model probes more realistic scenarios where the
branching ratio to either g̃ ! bb̄ �̃0

1 or g̃ ! tt̄ �̃0
1 is not 100%, and where one, two or three top quarks, and

thus on-shell W bosons, are possible in the final state, in-between the Gbb (no top quarks) and Gtt (four
top quarks) decay topologies. The decay topologies that are considered in the variable branching ratio
model are illustrated in Figure 2. The model also includes the Gbb and Gtt decay topologies illustrated in
Figure 1. A limited set of 10 mass points are generated for this variable branching ratio model with mg̃

varying from 1.5 TeV to 2.3 TeV and m �̃0
1

varying from 1 GeV to 1 TeV.

The technical implementation of the simulated samples produced from these models is described in
Section 4.

2 Models with on-shell sbottom and stop were studied in Run 1 [26] and the limits on the gluino and the �̃0
1 masses were found

to be mostly independent of the stop and sbottom masses, except when the stop is very light.
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Gbb 

or sbottom are assumed to be o�-shell in order to have simplified models with only two parameters: the
gluino and �̃0

1 masses2. All other sparticles are decoupled.

Two simplified models are used to optimise the event selection in addition to interpreting the results. In
the Gbb (Gtt) model, illustrated in Figure 1(a) (1(b)), each gluino undergoes an e�ective three-body decay
g̃ ! bb̄ �̃0

1 (g̃ ! tt̄ �̃0
1) via o�-shell sbottom (stop) quarks, with a branching ratio of 100%. The Gbb

model is the simplest in terms of object multiplicity, resulting in the minimal common features of four
b-jets and two �̃0

1. In addition to these objects, the Gtt model produces four W bosons originating from the
top quark decays: t ! W b. The presence of these four W bosons motivates the design of signal regions
with a higher jet multiplicity than for Gbb models, and in some cases with at least one isolated electron or
muon.
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Figure 1: The decay topologies in the (a) Gbb and (b) Gtt simplified models.

This note includes a novel interpretation that probes the sensitivity of the search as a function of the gluino
branching ratio, in addition to the gluino and �̃0

1 masses. For that interpretation a third gluino decay
is considered: g̃ ! tb �̃±1 (via the o�-shell stop decay t̃1 ! b �̃±1 ). The �̃±1 is then forced to decay as
�̃±1 ! W ⇤ �̃0

1 ! f f̄ 0 �̃0
1 (where f stands for a fermion). To keep the numbers of model parameters at only

two, the mass di�erence between the �̃±1 and the �̃0
1 is fixed to 2 GeV. Such a small mass splitting between

the �̃±1 and the �̃0
1 is typical of models where the �̃0

1 is Higgsino-like (see e.g. Ref. [27]), which are well
motivated by naturalness. Consequently, the products of the decay W ⇤ ! f f̄ 0 are typically too soft to
be detected, except for very large mass di�erences between the gluino and the �̃±1 . Thus, in this model,
the gluino can decay as either g̃ ! bb̄ �̃0

1, g̃ ! tb �̃±1 (with �̃±1 ! f f̄ 0 �̃0
1) or g̃ ! tt̄ �̃0

1, with the sum
of individual branching ratios adding up to 100%. This model probes more realistic scenarios where the
branching ratio to either g̃ ! bb̄ �̃0

1 or g̃ ! tt̄ �̃0
1 is not 100%, and where one, two or three top quarks, and

thus on-shell W bosons, are possible in the final state, in-between the Gbb (no top quarks) and Gtt (four
top quarks) decay topologies. The decay topologies that are considered in the variable branching ratio
model are illustrated in Figure 2. The model also includes the Gbb and Gtt decay topologies illustrated in
Figure 1. A limited set of 10 mass points are generated for this variable branching ratio model with mg̃

varying from 1.5 TeV to 2.3 TeV and m �̃0
1

varying from 1 GeV to 1 TeV.

The technical implementation of the simulated samples produced from these models is described in
Section 4.

2 Models with on-shell sbottom and stop were studied in Run 1 [26] and the limits on the gluino and the �̃0
1 masses were found

to be mostly independent of the stop and sbottom masses, except when the stop is very light.
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Gtb Models

(a) (b)

(c) (d)

Figure 2: The additional decay topologies of the varying gluino branching ratio model in addition to the ones of
Figure 1. The fermions originating from the �̃±1 decay are typically soft because the mass di�erence between the
�̃±1 and the �̃0

1 is fixed to 2 GeV.

3 ATLAS detector

The ATLAS detector is a multipurpose particle physics detector with a forward-backward symmetric
cylindrical geometry and nearly 4⇡ coverage in solid angle.3 The inner tracking detector (ID) consists
of silicon pixel and microstrip detectors covering the pseudorapidity region |⌘ | < 2.5, surrounded by a
transition radiation tracker, which enhances electron identification in the region |⌘ | < 2.0. Before the start
of Run 2, the new innermost pixel layer, the Insertable B-Layer (IBL) [28], was inserted at a mean sensor
radius of 3.3 cm. The ID is surrounded by a thin superconducting solenoid providing an axial 2 T magnetic
field and by a fine-granularity lead/liquid-argon (LAr) electromagnetic calorimeter covering |⌘ | < 3.2.
A steel/scintillator-tile calorimeter provides coverage for hadronic showers in the central pseudorapidity
range (|⌘ | < 1.7). The endcaps (1.5 < |⌘ | < 3.2) of the hadronic calorimeter are made of LAr active
layers with either copper or tungsten as the absorber material. The forward region (3.1 < |⌘ | < 4.9) is
instrumented with a LAr calorimeter for both EM and hadronic measurements. A muon spectrometer
with an air-core toroid magnet system surrounds the calorimeters. Three layers of high-precision tracking

3 ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point in the centre of the detector.
The positive x-axis is defined by the direction from the interaction point to the center of the LHC ring, with the positive y-axis
pointing upwards, while the beam direction defines the z-axis. Cylindrical coordinates (r, �) are used in the transverse plane, �
being the azimuthal angle around the z-axis. The pseudorapidity ⌘ is defined in terms of the polar angle ✓ by ⌘ = � ln tan(✓/2).
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MC Samples

Process Generator Tune PDF set Cross-section
+ fragmentation/hadronization order

SUSY signal M��G����5_aMC@NLO v2.2.2 A14 NNPDF2.3 NLO+NLL [54–59]
+ P����� v8.186

t t̄ P�����-B�� v2 PERUGIA2012 CT10 NNLO+NNLL [61]
+ P����� v6.428

Single top P�����-B�� v1 or v2 PERUGIA2012 CT10 NNLO+NNLL [62–64]
+ P����� v6.428

t t̄W /t t̄Z /4-tops M��G����5_aMC@NLO v2.2.2 A14 NNPDF2.3 NLO [32]
+ P����� v8.186

t t̄H M��G����5_aMC@NLO v2.2.1 UEEE5 CT10 NLO [65]
+ H�����++ v2.7.1

Diboson S����� v2.1.1 Default CT10 NLO [46]
WW , W Z , Z Z

W /Z+jets S����� v2.2 Default CT10 NNLO [66]

Table 1: List of generators used for the di�erent processes. Information is given about the underlying-event tunes,
the PDF sets and the pQCD highest-order accuracy used for the normalization of the cross-section the di�erent
samples.

Candidate jets are reconstructed from three-dimensional topological energy clusters [68] in the calorimeter
using the anti-kt jet algorithm [69] with a radius parameter of 0.4 (small-R jets). Each topological cluster
is calibrated to the electromagnetic scale response prior to jet reconstruction [70]. The reconstructed
jets are then calibrated to the particle level by the application of a jet energy scale (JES) derived fromp

s = 13 TeV data and simulations [71]. Quality criteria are imposed to reject events that contain at
least one jet arising from non-collision sources or detector noise [72]. Further selections are applied
to reject jets that originate from pileup interactions by the means of a multivariate algorithm using the
information about the tracks matched to each jet [73]. Candidate jets are required to have pT > 20 GeV
and |⌘ | < 2.8. After resolving overlaps with electrons and muons, selected jets are required to satisfy the
stricter requirement of pT > 30 GeV.

A jet is tagged as a b-jet by means of a multivariate algorithm using information about the impact
parameters of inner detector tracks matched to the jet, the presence of displaced secondary vertices, and
the reconstructed flight paths of b- and c-hadrons inside the jet [74, 75]. The b-tagging working point
corresponding to an e�ciency of 77% to identify b-jets with pT > 20 GeV, as determined from a sample
of simulated tt̄ events, was found to be optimal for this search. The corresponding rejection factors against
jets originating from c-quarks, from ⌧-leptons and from light quarks and gluons in the same sample at this
working point are 6, 22 and 134, respectively.

After resolving the overlap with leptons, the candidate small-R jets are re-clustered [76] into large-R jets
using the anti-kt algorithm with a radius parameter of 0.8. The calibration from the input small-R jets
propagates directly to the re-clustered jets. These re-clustered jets are then trimmed [76–79] by removing
subjets whose pT falls below 10% of the pT of the original re-clustered jet. The resulting large-R jets are
required to have pT > 100 GeV and |⌘ | < 2.0. When it is not explicitly stated otherwise, the term “jets”
in this note refers to small-R jets.
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Kinematic Variables
• Effective mass 

• Transverse mass 

• Minimum transverse mass formed by MET and any of the three highest-pT 
b-tagged jets in the event 

•  Total jet mass variable 

      Using the mass of the large-radius re-clustered jets in the event
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0-L Preselection
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1-L Preselection
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Single-bin Regions
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tt Scale Factors
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Multi-bin VRs
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Model-independent Limits


