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Introduction and motivations

★Stops and sbottoms are key ingredients 
for SUSY and hierarchy problem 
solutions 

★Focus of this talk: stop searches with 
leptons and gauginos in the final 
state.  

★Question to be answered: is the stop 
phase space really well excluded for 
realistic models?
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Outlook of the ATLAS stop searches
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Short 
Name

Reference Target Strategy

stop1L ATLAS-
CONF-2017-037

BDTs, multi-bin 
fits, multiple SR

stop2L ATLAS-
CONF-2017-034

multi-bin fits, 
multiple SR

stopZ/h arXiv: 1706.03986
multiple single-bin 

SRs

RPV 1L arXiv: 1704.08493 multi-bin fits

RPV b-l  ATLAS-
CONF-2017-036

multiple single-bin 
SRs

t̃1 → bχ̃±

1 / tχ0

1 / tχ0

2

t̃1 → bff ′χ̃0

1 / bW±χ̃0

1

t̃1 → bff ′χ̃0

1 / bW±χ̃0

1

t̃1 → tχ̃0

2

t̃2 → t̃1h / t̃1Z

t̃1 → bℓ

t̃1 → bχ̃±

1 / tχ0

1 / tχ0

2t̃1 → bχ̃±

1 / tχ0

1 / tχ0

2

χ̃0

1,2 → tbs / sbb

t̃1 → bχ̃±

1 / tχ0

1 / tχ0

2

https://cds.cern.ch/record/2266170
https://cds.cern.ch/record/2265806
https://arxiv.org/abs/1706.03986
https://arxiv.org/abs/1704.08493
https://cds.cern.ch/record/2265808
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Stop1L in a nutshell
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Final state: 1L (soft or hard) + bjets + ETmiss

shape-fits, BDT, cut-and-count

★Exploit the presence of 1 hadronic and 1 leptonic top 
decay (large R jet masses) 

★asymmetric stranverse mass to suppress di-lepton top in 
background 

★angular correlations between objects to enhance signal 
discrimination
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Details of the compressed analysis 
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Recursive Jigsaw variables 
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Figure 18: Distributions of BDT score for the tN_diag_low (top left), tN_diag_med (top right), and tN_diag_high
(bottom) regions. The SM background predictions are obtained using the background-only fit configuration, and
the hashed area around the total SM background prediction includes all uncertainties. In addition to the background
prediction, signal models are shown, denoted by m(t̃1,

�̃0
1). The bottom panels show the di�erence between data

and the predicted SM background divided by the total uncertainty (�tot).
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masses their weakly interacting daughters (�̃0). An ex-
perimental search for instances of these events can be dif-
ficult if the mass-splitting between these sparticle states,
mP̃�m�̃0 , is small, as the momenta of each parent sparti-
cle’s decay products (both visible and invisible) will not
receive a large amount of momentum in their produc-
tion. If the mass-splitting scale in sparticle production is
to that of SM background processes then disentangling
the two is challenging.

In this case, it is not the mass-splitting scale which is
distinctive from backgrounds, but rather, the potentially
large absolute mass-scale of weakly-interacting particles
in these events. While we cannot measure these masses
from only the measurement of missing transverse mo-
mentum ( 6 ~ET ), as it only represents the sum momentum
of escaping particles, we can gain indirect sensitivity by
observing their reaction to a probing force. The labora-
tory of a hadron collider naturally provides such a probe:
strong initial state radiation from interacting partons can
provide large momentum to the sparticles produced in
these reactions, in turn endowing their decay products
with this momentum. In the limit where the LSPs re-
ceive no momentum from their parents’ decays, the 6 ~ET
results solely from the recoil against ISR, and the follow-
ing approximation holds:

6 ~ET ⇠ �~p ISR
T ⇥ m�̃

mP̃

, (1)

where ~p ISR
T is the total ISR system transverse momen-

tum.
Recent studies of searches for compressed SUSY sig-

nals in the literature have suggested exploiting this fea-
ture. In these analyses, a kinematic selection is used to
isolate events where a single, hard ISR jet recoils approx-
imately opposite 6 ~ET in the event transverse plane. One
can then use various reconstructed proxies of the quantity
| 6 ~ET |/|~p ISR

T |, such as | 6 ~ET |/p lead jet
T or | 6 ~ET |/

p
HT , as ob-

servables sensitive to the presence of massive LSPs [6, 7].
Alternatively, using assumed knowledge of the sparticle
mass-splittings, one can attempt to sort non-ISR jets
from radiative ones using, for example, the sum of jet
energies in each class and multiplicities as discriminat-
ing observables [8]. While these approaches all benefit
from the above feature, they are limited to the sub-set
of events where the momentum of the ISR system is car-
ried predominantly by a single jet. For less restrictive
event selections, the suggested observables become pro-
gressively less accurate estimators of | 6 ~ET |/|~p ISR

T | and,
correspondingly, less sensitive to the kinematic correla-
tion between radiated jets and missing momentum.

We propose a di↵erent approach to an ISR-assisted
search for compressed signals, both generalizing to cases
where momentum can be shared democratically among
many radiated jets and attempting to more accurately re-
construct the quantity | 6 ~ET |/|~p ISR

T |. Using the technique
of Recursive Jigsaw Reconstruction [9], a “decay tree” is
imposed on the analysis of each event, chosen to capture

the kinematic features specific to the signal topology un-
der study. The decay tree both specifies the systems of
relevant reconstructed objects and the reference frames
corresponding to each intermediate combination of them.
The analysis of each event proceeds by assigning recon-
structed objects to their appropriate places in the decay
tree, determining the relative velocities relating each ref-
erence frame, and calculating kinematic observables from
the resulting event abstraction. The simplified decay tree
for generic compressed scenarios is shown in Figure 1.

LAB

CM

ISR S
V I

Lab State

Decay States

Visible States

Invisible States

FIG. 1. A simplified decay tree diagram for analyzing com-
pressed signal topologies in events with an ISR system.

In this decay tree, each reconstructed object hypoth-
esized to come from the decay of sparticles in the event
is assigned to the “V” system, while those identified as
initial state radiation are associated with “ISR”. With
the missing momentum reconstructed in each event in-
terpreted as the system “I”, the total sparticle system
(“S”) and center-of-mass system of the whole reaction
(“CM”) are defined as the sum of their constituents.
With the four-vectors of each element of the decay tree
specified, an estimator of the quantity | 6 ~ET |/|~p ISR

T |, RISR,
is calculated as:

RISR ⌘ |~p CM
I,T · p̂ CM

ISR,T |
|~p CM

ISR,T |
, (2)

where subscripts indicate the system and superscripts the
reference frame the momentum is evaluated in. As the
concept of “transverse” is a frame-dependent construc-
tion in the laboratory frame, we employ the convention
where the boost relating a specific reference frame to the
laboratory is decomposed into a component parallel to
the beam-line and a subsequent transverse portion. The
transverse plane in a reference frame is then defined as
that perpendicular to longitudinal velocity of the trans-
formation.
In order to elucidate the behavior of RISR, we con-

sider the example of neutralino (�̃0
2) pair-production at a
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t̃1 → bχ̃±

1 / tχ0

1 / tχ0

2t̃1 → bχ̃±

1 / tχ0

1 / tχ0

2
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Stop2L in a nutshell
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Final state: 2L (soft or hard) + ETmiss
★Exploit kinematic end-point of stranverse mass  

★ jigsaw analysis for  

★Ratios of ETmiss and pTs to enhance soft topologies 

ETmiss /(pT(l1)+pT(l2))

t̃1 → bff ′χ̃0

1 / bW±χ̃0

1t̃1 → bff ′χ̃0

1 / bW±χ̃0

1

t̃1 → bff ′χ̃0

1 / bW±χ̃0

1

t̃1 → bχ̃±

1 / tχ0

1 / tχ0

2t̃1 → bχ̃±

1 / tχ0

1 / tχ0

2
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RPC quasi-simplified models
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“standard” 
simplified model

BR(t̃1 → tχ̃0

1) = 100%
more complex chains than Run 1 
benchmarks (pMSSM inspired)
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Scenario a) Bino-LSP
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1 TeV

stop mass

LS
P m

as
s

Run 1 limit
Run 2  
limit

t̃1 → bff ′χ̃0

1 / bW±χ̃0

1
BR(t̃1 → tχ̃0

1) = 100%

process t̃1 ! bW �̃0
1, and ⇠ 250 GeV for four-body decays t̃1 ! b f f 0 �̃0

1, all at the a 95% confidence
level.

2 Search strategy

2.1 Signal models

The experimental signatures of stop pair production can vary dramatically, depending on the spectrum of
low-mass SUSY particles. Figure 1 illustrates two typical stop signatures: t̃1 ! t �̃0

1 and t̃1 ! b �̃±1 . Other
decay and production modes such as t̃1 ! t �̃0

2 and t̃1 ! t �̃0
3, and sbottom direct pair production are also

considered in the analysis. The analysis attempts to probe a broad range of the possible scenarios, taking
the approach of defining dedicated search regions to target specific but representative SUSY models.
The phenomenology of each model is largely driven by the composition of its lightest supersymmetric
particles, which are considered to be some combination of the electroweakinos. In practice, this means
that the most important parameters of the SUSY models considered are the masses of the electroweakinos
and of the colour-charged third generation sparticles.

Figure 1: Diagrams illustrating the stop decay modes, which are referred to as (left) t̃1 ! t �̃0
1 and (right) t̃1 ! b �̃±1 .

Sparticles are shown as red lines. In these diagrams, the charge-conjugate symbols are omitted for simplicity. The
direct stop production begins with a top squark–antisquark pair.

In this search, the targeted signal scenarios are either simplified models [48–50], in which the masses of
all sparticles are set to high values except for the few sparticles involved in the decay chain of interest,
or models based on the phenomenological MSSM (pMSSM) [51, 52], in which all of the 19 pMSSM
parameters are set to fixed values, except for two which are scanned. The set of models used are chosen
to give a broad coverage of the possible stop decay patterns and phenomenology that can be realised in
the MSSM, in order to provide as much as possible a general statement on the sensitivity of the search for
direct stop production. Some of the simplified models used are designed with a goal of covering distinct
phenomenologically di�erent regions of pMSSM parameter space.

The pMSSM parameters mtR and mq3L specify the t̃R and t̃L masses, with the smaller of the two controlling
the t̃1 mass. In models where the t̃1 is primarily composed of t̃L, the production of light sbottoms (b̃1)
with a similar mass is also considered. The mass spectrum of electroweakinos and the gluino is given

3
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Results along the diagonal
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Dm = 
top mass

Dm =  
W mass

exc
luded
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Scenario b) Wino N-LSP
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Parameter M1, M2 M3 |m| tan b Ms Xt

Value M2=2*M1 2.2 TeV high 20 1.2 TeV Xt=Ms*√6

2L final state

t̃1 → bχ̃±

1 / tχ0

1 / tχ0

2
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Scenario c) Higgsino LSP
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soft 1L 
final 
states

Parameter m(    ) Dm(    -   ) |m|

Value 150 GeV 2Dm(    -    ) low

χ0

2 → hχ0

1 / Zχ0

1

t̃1 → bχ±

1 , χ
±

1 → W±χ0

1

t̃1 → bχ±

1 , χ
±

1 → W±χ0

1

t̃1 → bχ±

1 , χ
±

1 → W±χ0

1

t̃1 → bχ±

1 , χ
±

1 → W±χ0

1
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Scenario d) Well tempered grid
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0.10 < Ωh
2
< 0.12 1L final states
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Searches with higgs and Z

★Final states: 
➡ 3L + 1b 
➡ 1L + 4b  

★Backgrounds: 
➡ ttZ in 3L+1b 
➡ ttbar in 1L+4b
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★Simplified model targeting c2 

decaying via Higgs or Z-boson. 
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RPV third generation summary
★Multiple analyses dedicated to RPV in the 3rd generation sector: 
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2b2l  
final states

1L  
final states

 details in S. Mehlhase’s talk on Friday! 
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Conclusions and final remarks

★Many new results from 
ATLAS for 3rd generation 
squark searches based on 
full 2015+2016 data (36 
fb-1) 

★No significant excess 
found. Limits are 
significantly improved with 
respect to previous results 

★Stringent limits obtained 
in pMSSM inspired 
models, yet some part of 
the parameter space is still 
uncovered. 
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Backup

 16
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Details of the compressed analysis (I)
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Figure 18: Distributions of BDT score for the tN_diag_low (top left), tN_diag_med (top right), and tN_diag_high
(bottom) regions. The SM background predictions are obtained using the background-only fit configuration, and
the hashed area around the total SM background prediction includes all uncertainties. In addition to the background
prediction, signal models are shown, denoted by m(t̃1,

�̃0
1). The bottom panels show the di�erence between data

and the predicted SM background divided by the total uncertainty (�tot).
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Table 7: Overview of the signal selections using BDTs to target compressed tN scenarios. Round brackets are used
to describe lists of values and square brackets denote intervals.

Variable tN_diag_low tN_diag_med tN_diag_high

Preselection low-Emiss
T low-Emiss

T high-Emiss
T

Number of (jets, b-tags) (� 4, � 1) (� 4, � 1) (� 5, � 1)
Jet pT [GeV] > (120, 25, 25, 25) > (100, 50, 25, 25) > (25, 25, 25, 25, 25)
Emiss

T [GeV] > 100 > 120 > 230
mT [GeV] > 90 > 120 > 120
RISR – – > 0.4
pT(tt̄) [GeV] > 400 – –
|��(l, tt̄) | > 1.0 – –
|��( j1,2, ~pmiss

T ) | > 0.4 > 0.4 –
m⌧

T2 based ⌧-veto [GeV] – > 80 –
BDT score BDT_low � 0.55 BDT_med � 0.4 BDT_high� 0.6
Exclusion technique cut-and-count shape-fit in BDT score shape-fit in BDT score
Bin boundaries – [0.4, 0.5, 0.6, 0.7, 0.8, 1.0] [0.6, 0.7, 0.8, 1.0]

Low t̃
1

mass For t̃1 masses close to the top-quark mass a BDT is trained for the tN_diag_low signal
region. The preselection is based on the low-Emiss

T selection in Table 4.

The variables input to the BDT are Emiss
T and mT, the di�erence �m↵

T in mT between the SM and signal
hypothesis, the two top-quark candidate masses m(tISR

had ) and m(t↵lep) under the signal hypothesis, and the
azimuthal angles between the lepton and the tt̄ system, as well as between the lepton and ~pT(⌫↵).

The BDT output, from here on referred to as BDT_low, is used to define a single bin cut-and-count
signal region, using the optimal point of BDT_low > 0.55, determined by maximising the expected
significance. To avoid a significant extrapolation between control and signal regions an additional selection
of pT(tt̄) � 400 GeV and ��(`, tt̄) � 1.0 is applied for all selected regions in the tN_diag_low context.

Medium t̃
1

mass Stop masses from about 200 to 400 GeV in the compressed scenario are targeted by a
BDT using the the low-Emiss

T preselection given in Table 4. The input variables of the BDT are the Emiss
T

and Hsig
T , the angular variables ��(~pmiss

T , t�had), ��(t�had, t
�
lep) and �R(b, `), masses mT and m�

top, as well as
the number of jets and the third and fourth jet pT.

The BDT output score, referred to in the following as BDT_med, is used to define a signal region called
tN_diag_med, based on the expected significance for a t̃1 mass of 250 GeV. The known signal shape is
exploited for the exclusion of signal models, using five bins in the BDT score.

High t̃
1

mass For compressed bino LSP scenarios with high t̃1 mass, a BDT is trained based on the
following variables: RISR, the angular variables ��(ISR, I), ��(t�had, t

�
lep), and �R(b, `), masses mT, MS

T

and m�
top as well as the number of jets in the di-stop decay system and the third and fourth jet pT, derived

using the RJR techniques as described in Section 5. In addition to the high-Emiss
T preselection, a tightened

24

(SM, signal)
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The BDT output, from here on referred to as BDT_low, is used to define a single bin cut-and-count
signal region, using the optimal point of BDT_low > 0.55, determined by maximising the expected
significance. To avoid a significant extrapolation between control and signal regions an additional selection
of pT(tt̄) � 400 GeV and ��(`, tt̄) � 1.0 is applied for all selected regions in the tN_diag_low context.

Medium t̃
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mass Stop masses from about 200 to 400 GeV in the compressed scenario are targeted by a
BDT using the the low-Emiss

T preselection given in Table 4. The input variables of the BDT are the Emiss
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and Hsig
T , the angular variables ��(~pmiss

T , t�had), ��(t�had, t
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top, as well as
the number of jets and the third and fourth jet pT.

The BDT output score, referred to in the following as BDT_med, is used to define a signal region called
tN_diag_med, based on the expected significance for a t̃1 mass of 250 GeV. The known signal shape is
exploited for the exclusion of signal models, using five bins in the BDT score.

High t̃
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mass For compressed bino LSP scenarios with high t̃1 mass, a BDT is trained based on the
following variables: RISR, the angular variables ��(ISR, I), ��(t�had, t
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lep), and �R(b, `), masses mT, MS

T
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using the RJR techniques as described in Section 5. In addition to the high-Emiss
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signal region, using the optimal point of BDT_low > 0.55, determined by maximising the expected
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The BDT output score, referred to in the following as BDT_med, is used to define a signal region called
tN_diag_med, based on the expected significance for a t̃1 mass of 250 GeV. The known signal shape is
exploited for the exclusion of signal models, using five bins in the BDT score.
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Figure 18: Distributions of BDT score for the tN_diag_low (top left), tN_diag_med (top right), and tN_diag_high
(bottom) regions. The SM background predictions are obtained using the background-only fit configuration, and
the hashed area around the total SM background prediction includes all uncertainties. In addition to the background
prediction, signal models are shown, denoted by m(t̃1,

�̃0
1). The bottom panels show the di�erence between data

and the predicted SM background divided by the total uncertainty (�tot).
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Low t̃
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mass For t̃1 masses close to the top-quark mass a BDT is trained for the tN_diag_low signal
region. The preselection is based on the low-Emiss

T selection in Table 4.

The variables input to the BDT are Emiss
T and mT, the di�erence �m↵

T in mT between the SM and signal
hypothesis, the two top-quark candidate masses m(tISR

had ) and m(t↵lep) under the signal hypothesis, and the
azimuthal angles between the lepton and the tt̄ system, as well as between the lepton and ~pT(⌫↵).

The BDT output, from here on referred to as BDT_low, is used to define a single bin cut-and-count
signal region, using the optimal point of BDT_low > 0.55, determined by maximising the expected
significance. To avoid a significant extrapolation between control and signal regions an additional selection
of pT(tt̄) � 400 GeV and ��(`, tt̄) � 1.0 is applied for all selected regions in the tN_diag_low context.

Medium t̃
1

mass Stop masses from about 200 to 400 GeV in the compressed scenario are targeted by a
BDT using the the low-Emiss

T preselection given in Table 4. The input variables of the BDT are the Emiss
T

and Hsig
T , the angular variables ��(~pmiss

T , t�had), ��(t�had, t
�
lep) and �R(b, `), masses mT and m�

top, as well as
the number of jets and the third and fourth jet pT.

The BDT output score, referred to in the following as BDT_med, is used to define a signal region called
tN_diag_med, based on the expected significance for a t̃1 mass of 250 GeV. The known signal shape is
exploited for the exclusion of signal models, using five bins in the BDT score.

High t̃
1

mass For compressed bino LSP scenarios with high t̃1 mass, a BDT is trained based on the
following variables: RISR, the angular variables ��(ISR, I), ��(t�had, t

�
lep), and �R(b, `), masses mT, MS

T

and m�
top as well as the number of jets in the di-stop decay system and the third and fourth jet pT, derived

using the RJR techniques as described in Section 5. In addition to the high-Emiss
T preselection, a tightened
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Low t̃
1

mass For t̃1 masses close to the top-quark mass a BDT is trained for the tN_diag_low signal
region. The preselection is based on the low-Emiss

T selection in Table 4.

The variables input to the BDT are Emiss
T and mT, the di�erence �m↵

T in mT between the SM and signal
hypothesis, the two top-quark candidate masses m(tISR

had ) and m(t↵lep) under the signal hypothesis, and the
azimuthal angles between the lepton and the tt̄ system, as well as between the lepton and ~pT(⌫↵).

The BDT output, from here on referred to as BDT_low, is used to define a single bin cut-and-count
signal region, using the optimal point of BDT_low > 0.55, determined by maximising the expected
significance. To avoid a significant extrapolation between control and signal regions an additional selection
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BDT using the the low-Emiss

T preselection given in Table 4. The input variables of the BDT are the Emiss
T

and Hsig
T , the angular variables ��(~pmiss

T , t�had), ��(t�had, t
�
lep) and �R(b, `), masses mT and m�

top, as well as
the number of jets and the third and fourth jet pT.

The BDT output score, referred to in the following as BDT_med, is used to define a signal region called
tN_diag_med, based on the expected significance for a t̃1 mass of 250 GeV. The known signal shape is
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�
lep), and �R(b, `), masses mT, MS

T

and m�
top as well as the number of jets in the di-stop decay system and the third and fourth jet pT, derived

using the RJR techniques as described in Section 5. In addition to the high-Emiss
T preselection, a tightened
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Figure 3: Illustration of the preferred stop decay modes in the plane spanned by the masses of the stop (t̃1) and
the lightest neutralino ( �̃0

1), where the latter is assumed to be the lightest supersymmetric particle. Stop decays to
supersymmetric particles other than the lightest supersymmetric particle are not displayed.

mass is above the sum of masses of the bottom-quark, W -boson, and �̃0
1. Otherwise the decay

proceeds via a four-body process, t̃1 ! b f f 0 �̃0
1, where f and f 0 are two distinct fermions, or via

a flavour-changing neutral current (FCNC) process, such as the loop-suppressed t̃1 ! c �̃0
1. Given

the very di�erent final state, the FCNC decay is not considered further in this search. The various
t̃1 decay modes in this scenario are illustrated in Figure 3. The region of phase-space along the line
of mt̃1

= m�̃0
1
+ mt is especially challenging to target because of the similarity of the stop signature

to the tt̄ process, and is referred to in the following as the ‘diagonal region’.

(b) Wino NLSP model:

A pMSSM model is designed such that a wino-like chargino ( �̃±1 ) and neutralino ( �̃0
2) are mass-

degenerate, with the bino as the LSP. This scenario is motivated by models with gauge unification
at the GUT scale such as the cMSSM or mSugra [61–63], where M2 is assumed to be twice as large
as M1, leading to the �̃±1 and �̃0

2 having masses nearly twice as large as that of the bino-like LSP.

In this scenario, additional decay modes for the stop (composed mainly of t̃L) become relevant, such
as the decay to a bottom-quark and the lightest chargino (t̃1 ! b �̃±1 ) or the decay to a top-quark
and the second neutralino (t̃1 ! t �̃0

2). The �̃±1 and �̃0
2 subsequently decay to �̃0

1 via emission
of a (potentially o�-shell) W -boson or Z/Higgs (h) boson, respectively. The t̃1 ! b �̃±1 decay is
considered for a chargino mass above around 100 GeV since the LEP limit on the lightest chargino
is m�̃±1

> 103.5 GeV [64].

An additional t̃1 ! b �̃±1 decay signal model (simplified model) is designed, motivated by a scenario
with close-by masses of the t̃1and �̃±1 . The model considered assumes �m(t̃1,

�̃±1 ) = 10 GeV and
that the top decays via the process t̃1 ! b �̃±1 with a 100% BR. In this scenario the jets originating
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Table 5: Overview of all signal regions together with the targeted signal scenario, benchmarks used for the optim-
isation (with particle masses given in units of [GeV]), the analysis technique used for model-dependent exclusions,
and a reference to the table with the event selection details. For the wino NLSP scenario, sbottom pair production
(not shown) is also considered.

SR Signal scenario benchmark Exclusion technique Table

tN_med Pure bino LSP (t̃1 ! t �̃
0
1 ) m(t̃1, �̃0

1 )=(600,300) shape-fit (Emiss
T ) 6

tN_high Pure bino LSP (t̃1 ! t �̃
0
1 ) m(t̃1, �̃0

1 )=(1000,1) cut-and-count 6

tN_diag_low Pure bino LSP (t̃1 ! t �̃
0
1 ) m(t̃1, �̃0

1 )=(190,17) BDT cut-and-count 7

tN_diag_med Pure bino LSP (t̃1 ! t �̃
0
1 ) m(t̃1, �̃0

1 )=(250,62) BDT shape-fit 7

tN_diag_high Pure bino LSP (t̃1 ! t �̃
0
1 ) m(t̃1, �̃0

1 )=(450,277) BDT shape-fit 7

bWN Pure bino LSP (t̃1 ! bW �̃0
1 ) m(t̃1, �̃0

1 )=(350,230) shape-fit (amT2) 8

bffN Pure bino LSP (t̃1 ! b f f 0 �̃0
1 ) m(t̃1, �̃0

1 )=(400,350) shape-fit (p`
T/E

miss
T ) 8

bC2x_med Wino NLSP (t̃1 ! b �̃
±
1 , t̃1 ! t �̃

0
2 ) m(t̃1, �̃±1 , �̃0

1 )=(750,300,150) cut-and-count 9

bC2x_diag Wino NLSP (t̃1 ! b �̃
±
1 , t̃1 ! t �̃

0
2 ) m(t̃1, �̃±1 , �̃0

1 )=(650,500,250) cut-and-count 9

bCbv Wino NLSP (t̃1 ! b �̃
±
1 , t̃1 ! t �̃

0
2 ) m(t̃1, �̃±1 , �̃0

1 )=(700,690,1) cut-and-count 9

bCsoft_diag Higgsino LSP (t̃1 ! t �̃
0
1 , t̃1 ! t �̃

0
2 , t̃1 ! b �̃

±
1 ) m(t̃1, �̃±1 , �̃0

1 )=(400,355,350) shape-fit (p`
T/E

miss
T ) 10

bCsoft_med Higgsino LSP (t̃1 ! t �̃
0
1 , t̃1 ! t �̃

0
2 , t̃1 ! b �̃

±
1 ) m(t̃1, �̃±1 , �̃0

1 )=(600,205,200) shape-fit (p`
T/E

miss
T ) 10

bCsoft_high Higgsino LSP (t̃1 ! t �̃
0
1 , t̃1 ! t �̃

0
2 , t̃1 ! b �̃

±
1 ) m(t̃1, �̃±1 , �̃0

1 )=(800,155,150) shape-fit (p`
T/E

miss
T ) 10

DM_low_loose spin-0 mediator m(�/a, �)=(20,1) cut-and-count 11

DM_low spin-0 mediator m(�/a, �)=(20,1) cut-and-count 11

DM_high spin-0 mediator m(�/a, �)=(300,1) cut-and-count 11

low_loose for low mediator masses and high for high mediator masses.

With the exception of the tN and bCsoft regions, the above SRs are not designed to be mutually exclusive.
A dedicated combined fit is performed using tN_med and bCsoft_med (or bCsoft_high) in the higgsino
LSP and well-tempered scenarios in order to improve exclusion sensitivity. The SRs with the requirement
of lepton pT > 25 GeV (pT > 4 GeV) are referred to as hard-lepton SRs (soft-lepton SRs) in the following
sections.

7.1 Pure bino LSP scenario

The signature of stop pair production with subsequent t̃1 decays is determined by the masses of the two
sparticles, t̃1 and �̃0

1. It often leads to a final state similar to that of tt̄ production, except for the additional
Emiss

T due to the two additional �̃0
1s in the event. A set of event selections is defined targeting various

signals.

Two signal regions are designed to target the majority of signal models in �m(t̃1,
�̃0

1) > mt , tN_med and
tN_high, which are optimised for medium and high t̃1 mass, respectively. For the compressed region
with mt̃1

⇡ mt + m�̃0
1
, three BDT selections (tN_diag_low, tN_diag_med, and tN_diag_high) target

di�erent t̃1 masses. For the t̃1 ! bW �̃0
1 region, a signal selection (bWN) is defined by utilising the

distinctive shape of the invariant mass of the bW system. For the t̃1 ! b f f 0 �̃0
1 region, the signal region
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