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Dear Colleagues,  

We are pleased to announce the ninth annual Large Hadron Collider Physics 
(LHCP2021) conference that is planned in Paris, France, from 7th to 12th June 
2021. The conference will be hosted in the Pierre et Marie Curie campus of 
Sorbonne Université, in downtown Paris.  
The conference website is at https://indico.cern.ch/e/LHCP2021, where up-to-date 
information can be found.  
At the time of writing, we are optimistic that continuing progress in COVID-19 
vaccination, diagnostics and treatments will allow us to gather together in person 
for LHCP2021. We are anticipating that LHCP2021 will be one of the first big HEP 
conferences to be held largely in person again, just as LHCP2020 was one of the 
first large, fully online, conferences. Remote participation options are nonetheless 
foreseen, and a switch to a fully online conference is kept as the fall-back. The 
decision whether to proceed with the in-person conference will be taken by mid-
March 2021. 

 

Scientific programme  

The LHCP conference series began in 2013 as a successful fusion of two 
international conferences, "Physics at the Large Hadron Collider Conference" and 
the "Hadron Collider Physics Symposium".  

The programme will contain a detailed review of the latest experimental and 
theoretical results on collider physics, with results of the Large Hadron Collider Run 
II (LHC at CERN, Geneva), and discussions on further research directions within 
the high energy particle physics community, both in theory and experiment.  
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Motivation
Light 3rd generation squarks with mass around the TeV scale well motivated:

• Cancel loop corrections to Higgs mass

• Squarks carry color charge → sizable x-sec at 13 TeV

• Decay via 3rd generation SM quarks or leptons → distinctive final states

Many dedicated and inclusive efforts to search for stops and sbottoms during LHC 
Run 2: large data set, new tools, closed holes!
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Direct top squark production
Top squark pair production with prompt decay leads to 
variety of final states: 0, 1 or 2 leptons

• Largest signal branching fraction into all hadronic 

final state (hadronic top decays)

• Facilitate novel tools like top quark tagging to 

enhance sensitivity to signals with moderate to high 
boost
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Top taggers in action
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Direct top squark production
Inclusive analysis design for sensitivity to variety of signal models (e.g. different 
Δm between stop and LSP) → large amount of signal regions

• Top and W taggers used in high Δm regions, significantly reduce 

backgrounds from SM processes with lost lepton

• Sensitive to top squark masses up to 1.3 TeV
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CMS stop combination
Combination of published analysis 
in 0, 1 and 2 lepton final state

• Exclude top squarks up to 1350 

GeV in certain simplified models

• Corridor with high level of 

signal/SM ttbar degeneracy 
targeted with dedicated analysis


• Also: Best sensitivity to tt+DM 
(backup)!
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Stops with taus
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Figure 1: Diagrams illustrating the production and decay of particles considered in the simplified models for the
supersymmetric scenario (left) and the scenarios with scalar leptoquarks of charge 2

3 4 (middle) and � 1
3 4 (right).

Previous searches for this model have been conducted by the ATLAS collaboration using 20 fb≠1 ofp
B = 8 TeV data taken in Run 1 [50] and 36.1 fb≠1 of

p
B = 13 TeV data taken in Run 2 of the LHC [51].

No significant excess was observed in either of these searches, and thus limits were set on the masses of
the top squark and tau slepton. These limits exclude top-squark masses of up to 1.16 TeV and tau-slepton
masses of up to 1.0 TeV at the 95 % confidence level. The CMS collaboration has published a related
search in a simplified model where the LSP is the lightest neutralino j̃

0
1 instead of the gravitino [52]. This

search is based on an integrated luminosity of 77.2 fb�1 and sets exclusion limits at the 95 % confidence
level on the top-squark mass of up to 1.1 TeV for a nearly massless neutralino.

The previous ATLAS Run-2 search in Ref. [51] made use of two event categories: events where one of the
two tau leptons decays leptonically and the other hadronically were considered in addition to events where
both tau leptons decay hadronically. While the branching fraction is the same for both categories, the
leptonic decay of the tau lepton yields one neutrino more, which washes out the kinematic distributions and
on average leads to a lower energy fraction carried by the lepton compared to the visible decay products
from a hadronic tau-lepton decay. Both e�ects together significantly reduce the discriminative power of the
selection requirements. As the sensitivity of the search is thus dominated by the category where both tau
leptons decay hadronically, in this note only events with hadronically decaying tau leptons are considered.
These events are split in two event categories (channels): one category selects events with at least two
hadronically decaying tau leptons but no lighter leptons, at least one 1-jet and large missing transverse
momentum ⇢

miss
T (di-tau channel). The other category selects events with exactly one hadronically decaying

tau lepton, no electrons or muons, at least two 1-jets and large ⇢miss
T (single-tau channel). The latter channel

extends the sensitivity by covering the signal parameter space where the tau slepton is relatively light and
one of the soft tau leptons easily escapes detection. Importantly, it also provides good sensitivity to events
with pair-produced leptoquarks that decay into third-generation particles, which corresponds to the second
benchmark model.

The second benchmark model used for the interpretation of the search results considers pair production of
scalar leptoquarks. It assumes that these only couple to third-generation quark–lepton pairs, following the
minimal Buchmüller–Rückl–Wyler model [53]. In addition to the coupling to the third fermion generation
that is probed in this analysis, leptoquarks would need to have cross-generational couplings in order to
explain the anomalies observed in ⌫-meson decays. The couplings in the Yukawa-type interaction of the
leptoquarks with the quark–lepton pair are determined by two parameters: a common coupling strength _

and an additional parameter V, with the coupling to a quark and a charged lepton given by
p
V_, and the

coupling to a quark and a neutrino by
p

1 � V_. The search is carried out for both up-type leptoquarks
with fractional charge &(LQu

3) = +2/34 and decays LQu
3 ! Cag/1g, and down-type leptoquarks with

&(LQd
3) = �1/34 and decays LQd

3 ! 1ag/Cg. The production and decay of the leptoquarks are illustrated in
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Figure 6: Comparison of expected and observed event yields (top panel) and the significance of their discrepancy
(bottom panel) for all analysis regions of the di-tau and single-tau channel. The hatched band in the top panel
indicates the combined statistical and systematic uncertainties in the expected SM background. The CC̄ (2 real g) and
CC̄ (1 real g) as well as the single-top background contributions are scaled with the normalization factors obtained
from the background-only fit. Minor backgrounds are grouped together and denoted as “Other”. This includes
CC̄-fake, CC̄ + - , multiboson, and other top. The entries in the column labeled “SR (multi-bin)” are the sum of the
three bins of the multi-bin signal-region.

how the interference between single-top production at next-to-leading order and leading-order CC̄ production
is handled [129, 132, 133]. The value 0.18 is obtained from the samples generated with the nominal
diagram-removal scheme. The alternative diagram-subtraction scheme gives a normalization factor larger
than one with very large uncertainties due to the much smaller yields and thus insu�cient purity in the
control region. The di�erence in the CR yields can be attributed to the much softer 1-jet distribution for the
diagram-subtraction scheme. However, the shape of <T(g1), in which the extrapolation from the control
to the signal region is done, agrees very well between both schemes, giving confidence in the validity of
the extrapolation. The di�erence between both interference schemes is taken into account as a systematic
uncertainty.

No significant excess of the data above the SM expectation is observed in any of the signal regions.
The largest excursions from the expected yields are a deficit with a significance of 1.0f in the signal
region of the di-tau channel and an excess with a significance of 1.3f in the one-bin signal region of the
single-tau channel, computed with the approximate formulae from Ref. [124]. The excess is not present,
however, in the binned signal region of the single-tau channel. Figure 6 compares the observed data
yields with the expected background predictions for all event selections of the analysis. The entries in the
right-most column of the plot are the sum of the three bins of the multi-bin signal-region in the single-tau
channel, labeled “SR (multi-bin)”. Figure 7 shows several kinematics distributions of the SM background
expectation, and compares them with the distributions expected for the several benchmark signal models
and the observed data in the di-tau and single-tau signal regions.

18

GMSB model: (almost) 
massless gravitino is LSP

 3-body decay via off-
shell chargino,  is the NLSP
t̃ → τ̃νb

τ̃

If stau is light (low mass splitting between 
NLSP and LSP): tau can escape detection → 
single-𝜏 channel for enhanced sensitivity

Taus often not part of search strategies 
→ reduced sensitivity to models with 
preferred coupling 3rd gen leptons.

Simplified GMSB model with two 
parameters: stop and stau mass

Experimental signature: b-tagged 
jets, hadronic taus and pTmiss

2 𝜏H
1 𝜏H

JHEP 05 (2021) 093

https://link.springer.com/article/10.1007/JHEP05(2021)093
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Interpretations
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Figure 8: Exclusion contours at the 95 % confidence level for the stop-stau signal model as a function of the masses
of the top squark <(C̃) and of the tau slepton <(eg). Expected and observed limits are shown for the present
search in comparison to observed limits from previous ATLAS analyses based on data from Run-1 of the LHC atp
B = 8 TeV [50] and on a partial dataset from Run-2 at

p
B = 13 TeV [51]. The green band indicates the limit on the

mass of the tau slepton (for a massless LSP) from the LEP experiments [134].

In the absence of a significant excess, the analysis results are interpreted in terms of exclusion limits on the
parameters of the stop-stau and leptoquark signal models. The limits are derived from a model-dependent
exclusion fit, which includes the signal regions in addition to the control regions, and signal contributions
are taken into account in all analysis regions. The signal contamination of the control regions does not
exceed 10 (12) % for model parameters that have not been excluded by previous searches for the stop-stau
(leptoquark) signal. Whether the signal-plus-background hypothesis is compatible with the observed event
yields is evaluated using the CLB prescription [135], for which the ?-values are computed with asymptotic
formulae obtained for a profile-likelihood ratio as the test statistic [124]. The validity of the asymptotic
formulae has been checked through a comparison with the results from pseudo experiments in the case of
the model-independent limits. The likelihood is the product of Poisson terms modeling the joint probability
of the event yields for all analysis regions considered in the fit and Gaussian probability terms that constrain
the nuisance parameters related to the systematic uncertainties. Figure 8 shows the expected and observed
exclusion contours at the 95 % confidence level for the stop-stau signal computed from the model-dependent
exclusion fit that includes both the di-tau and single-tau multi-bin SR. All systematic uncertainties are
included in the fit with the exception of the signal cross-section uncertainty, for which a separate band
around the observed limit contour is drawn instead. The expected exclusion reach of the analysis extends to
top-squark masses around 1.35 TeV over a wide range of tau-slepton masses, and to tau-slepton masses

20

400 600 800 1000 1200 1400 1600 1800 2000

) [GeV]
3

um(LQ

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1)�b
⇥

3u
B

(L
Q

)exp⇤1 ±Expected limit (

)theory⇤1 ±Observed limit (

-1ATLAS 13 TeV, 36.1 fb
(observed)

�⌅/ t�b⇥
3

uproduction, LQ3
uLQ3

uLQ

-1=13 TeV, 139 fbs

All limits at 95% CL

PreliminaryATLAS

Figure 9: Expected and observed exclusion contours at the 95 % confidence level for the leptoquarks signal model,
as a function of <(LQ3) and the branching fraction ⌫(LQu/d

3 ! @✓) into charged leptons. The top plot shows the
exclusion contour for scalar third-generation leptoquarks LQu

3 with charge +2/34, the bottom plot the exclusion
contour for scalar third-generation leptoquarks LQd

3 with charge �1/34. The limits are derived from the binned
single-tau signal region. Shown in gray for comparison are the observed exclusion-limit contours from the previous
ATLAS publication that targets the same leptoquark models but is based on a subset of the Run-2 data [54]. In this
previous publication five di�erent analyses are considered that target not only the final state studied here but also
the final states that correspond to a branching fraction ⌫(LQu/d

3 ! @✓) of 0 or 1 into a charged lepton and a quark,
leading to the concave shapes of the gray exclusion contours.
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Figure 1: Diagrams illustrating the production and decay of particles considered in the simplified models for the
supersymmetric scenario (left) and the scenarios with scalar leptoquarks of charge 2

3 4 (middle) and � 1
3 4 (right).

Previous searches for this model have been conducted by the ATLAS collaboration using 20 fb≠1 ofp
B = 8 TeV data taken in Run 1 [50] and 36.1 fb≠1 of

p
B = 13 TeV data taken in Run 2 of the LHC [51].

No significant excess was observed in either of these searches, and thus limits were set on the masses of
the top squark and tau slepton. These limits exclude top-squark masses of up to 1.16 TeV and tau-slepton
masses of up to 1.0 TeV at the 95 % confidence level. The CMS collaboration has published a related
search in a simplified model where the LSP is the lightest neutralino j̃

0
1 instead of the gravitino [52]. This

search is based on an integrated luminosity of 77.2 fb�1 and sets exclusion limits at the 95 % confidence
level on the top-squark mass of up to 1.1 TeV for a nearly massless neutralino.

The previous ATLAS Run-2 search in Ref. [51] made use of two event categories: events where one of the
two tau leptons decays leptonically and the other hadronically were considered in addition to events where
both tau leptons decay hadronically. While the branching fraction is the same for both categories, the
leptonic decay of the tau lepton yields one neutrino more, which washes out the kinematic distributions and
on average leads to a lower energy fraction carried by the lepton compared to the visible decay products
from a hadronic tau-lepton decay. Both e�ects together significantly reduce the discriminative power of the
selection requirements. As the sensitivity of the search is thus dominated by the category where both tau
leptons decay hadronically, in this note only events with hadronically decaying tau leptons are considered.
These events are split in two event categories (channels): one category selects events with at least two
hadronically decaying tau leptons but no lighter leptons, at least one 1-jet and large missing transverse
momentum ⇢

miss
T (di-tau channel). The other category selects events with exactly one hadronically decaying

tau lepton, no electrons or muons, at least two 1-jets and large ⇢miss
T (single-tau channel). The latter channel

extends the sensitivity by covering the signal parameter space where the tau slepton is relatively light and
one of the soft tau leptons easily escapes detection. Importantly, it also provides good sensitivity to events
with pair-produced leptoquarks that decay into third-generation particles, which corresponds to the second
benchmark model.

The second benchmark model used for the interpretation of the search results considers pair production of
scalar leptoquarks. It assumes that these only couple to third-generation quark–lepton pairs, following the
minimal Buchmüller–Rückl–Wyler model [53]. In addition to the coupling to the third fermion generation
that is probed in this analysis, leptoquarks would need to have cross-generational couplings in order to
explain the anomalies observed in ⌫-meson decays. The couplings in the Yukawa-type interaction of the
leptoquarks with the quark–lepton pair are determined by two parameters: a common coupling strength _

and an additional parameter V, with the coupling to a quark and a charged lepton given by
p
V_, and the

coupling to a quark and a neutrino by
p

1 � V_. The search is carried out for both up-type leptoquarks
with fractional charge &(LQu

3) = +2/34 and decays LQu
3 ! Cag/1g, and down-type leptoquarks with

&(LQd
3) = �1/34 and decays LQd

3 ! 1ag/Cg. The production and decay of the leptoquarks are illustrated in

3

Similar final state from  
Leptoquarks → popular  
model to explain flavor  
anomalies


Di-𝜏H channel not optimized for this signal 
→ only single-𝜏H signal regions used.

• Scan in 2 mass dimensions, 
sensitivity drops at low stau mass


• Extend previous limits by around 
300 GeV


• High stop mass sensitivity driven 
by di-𝜏H channel

CMS result: 2012.04178

https://arxiv.org/abs/2012.04178


Daniel Spitzbart June 10th 2021

Searches for bottom squarks
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Figure 1: Diagrams illustrating the processes targeted by this analysis: (a) bottom squark pair production, (b)
production of DM particles (indicated with j) through the decay of a scalar or pseudoscalar mediator coupling to
bottom quarks, and (c) pair production of scalar third-generation down-type leptoquarks decaying to bottom quarks
and neutrinos or top quarks and g-leptons. BSM particles are indicated in red, while SM particles are indicated in
black.

2 ATLAS detector

The ATLAS detector [48–50] is a multipurpose detector with a forward–backward symmetric cylindrical
geometry and nearly 4c coverage in solid angle.2 The inner detector (ID) tracking system consists of pixel
and silicon microstrip detectors covering the pseudorapidity region |[ | < 2.5, surrounded by a transition
radiation tracker, which improves electron identification over the region |[ | < 2.0. 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 hadronic coverage in the central pseudorapidity range (|[ | < 1.7). The endcap and forward
calorimeters (1.5 < |[ | < 4.9) are made of LAr active layers with either copper or tungsten as the absorber
material for electromagnetic and hadronic measurements. The muon spectrometer with an air-core toroid
magnet system surrounds the calorimeters. Three layers of high-precision tracking chambers provide
coverage in the range |[ | < 2.7, while dedicated chambers allow triggering in the region |[ | < 2.4.

3 Data collection and simulated event samples

The data analysed in this paper were collected between 2015 and 2018 at a centre-of-mass energy of
13 TeV with a 25 ns proton bunch crossing interval. The average number, h`i, of ?? interactions per bunch
crossing (pile-up) ranged from 13 in 2015 to around 38 in 2017–2018. Application of beam, detector
and data-quality criteria [51] results in a total integrated luminosity of 139 fb�1. The uncertainty in the

2 ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point in the centre of the detector. The
positive G-axis is defined by the direction from the interaction point to the centre of the LHC ring, with the positive H-axis
pointing upwards, while the beam direction defines the I-axis. Cylindrical coordinates (A, q) are used in the transverse plane,
q being the azimuthal angle around the I-axis. The transverse momentum ?T, the transverse energy ⇢T and the missing
transverse momentum are defined in the G–H plane unless stated otherwise. The pseudorapidity [ is defined in terms of the
polar angle \ by [ = � ln tan(\/2) and the rapidity is defined as H = (1/2) ln[(⇢ + ?I)/(⇢ � ?I)] where ⇢ is the energy and
?I the longitudinal momentum of the object of interest.
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Figure 1: Simplified model of bottom-squark pair production and the decay chain targeted by this analysis.

for an almost massless j̃
0
1 at the 95% confidence level, and bottom-squark masses up to at least 400 GeV

for heavier masses of the j̃
0
1 .

The paper is structured as follows. After this introduction, Section 2 briefly describes the ATLAS detector,
and Section 3 presents the dataset and simulated event samples. The reconstruction of physics objects
is described in Section 4, and the signal selection and analysis discriminants are detailed in Section 5.
The procedures to derive the background estimate are explained in Section 6, followed by a summary
of the systematic uncertainties in Section 7. Section 8 presents the results from the analysis and their
interpretation, and conclusions are given in Section 9.

2 ATLAS detector

The ATLAS experiment [24–27] at the LHC is a multipurpose particle detector with a forward–backward
symmetric cylindrical geometry and nearly 4c coverage in solid angle.1 It consists of an inner tracking
detector surrounded by a thin superconducting solenoid providing a 2 T axial magnetic field, electromagnetic
and hadronic calorimeters, and a muon spectrometer. The inner tracking detector covers the pseudorapidity
range |[ | < 2.5. It consists of silicon pixel, silicon microstrip, and transition radiation tracking detectors.
Lead/liquid-argon (LAr) sampling calorimeters provide electromagnetic (EM) energy measurements with
high granularity. A steel/scintillator-tile hadronic calorimeter covers the central pseudorapidity range
(|[ | < 1.7). The endcap and forward regions are instrumented with LAr calorimeters for EM and hadronic
energy measurements up to |[ | = 4.9. The muon spectrometer surrounds the calorimeters and is based
on three large air-core toroidal superconducting magnets with eight coils each. The muon spectrometer
includes a system of precision tracking chambers and fast detectors for triggering. A two-level trigger
system is used to select events. The level-1 trigger is implemented in hardware and uses information
from the calorimeters and the muon spectrometer to accept events at a maximum rate of 100 kHz. This
is followed by a software-based high-level trigger (HLT) that reduces the event rate to 1 kHz on average
depending on the data-taking conditions.

1 ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point (IP) in the center of the detector
and the I-axis along the beam pipe. The G-axis points from the IP to the center of the LHC ring, and the H-axis points
upwards. Cylindrical coordinates (A, q) are used in the transverse plane, q being the azimuthal angle around the I-axis.
The pseudorapidity is defined in terms of the polar angle \ as [ = � ln tan(\/2). Angular distance is measured in units of
�' ⌘

p
(�[)2 + (�q)2.
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Figure 1: Diagrams illustrating the processes targeted by this analysis: (a) bottom squark pair production, (b)
production of DM particles (indicated with j) through the decay of a scalar or pseudoscalar mediator coupling to
bottom quarks, and (c) pair production of scalar third-generation down-type leptoquarks decaying to bottom quarks
and neutrinos or top quarks and g-leptons. BSM particles are indicated in red, while SM particles are indicated in
black.

2 ATLAS detector

The ATLAS detector [48–50] is a multipurpose detector with a forward–backward symmetric cylindrical
geometry and nearly 4c coverage in solid angle.2 The inner detector (ID) tracking system consists of pixel
and silicon microstrip detectors covering the pseudorapidity region |[ | < 2.5, surrounded by a transition
radiation tracker, which improves electron identification over the region |[ | < 2.0. 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 hadronic coverage in the central pseudorapidity range (|[ | < 1.7). The endcap and forward
calorimeters (1.5 < |[ | < 4.9) are made of LAr active layers with either copper or tungsten as the absorber
material for electromagnetic and hadronic measurements. The muon spectrometer with an air-core toroid
magnet system surrounds the calorimeters. Three layers of high-precision tracking chambers provide
coverage in the range |[ | < 2.7, while dedicated chambers allow triggering in the region |[ | < 2.4.

3 Data collection and simulated event samples

The data analysed in this paper were collected between 2015 and 2018 at a centre-of-mass energy of
13 TeV with a 25 ns proton bunch crossing interval. The average number, h`i, of ?? interactions per bunch
crossing (pile-up) ranged from 13 in 2015 to around 38 in 2017–2018. Application of beam, detector
and data-quality criteria [51] results in a total integrated luminosity of 139 fb�1. The uncertainty in the

2 ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point in the centre of the detector. The
positive G-axis is defined by the direction from the interaction point to the centre of the LHC ring, with the positive H-axis
pointing upwards, while the beam direction defines the I-axis. Cylindrical coordinates (A, q) are used in the transverse plane,
q being the azimuthal angle around the I-axis. The transverse momentum ?T, the transverse energy ⇢T and the missing
transverse momentum are defined in the G–H plane unless stated otherwise. The pseudorapidity [ is defined in terms of the
polar angle \ by [ = � ln tan(\/2) and the rapidity is defined as H = (1/2) ln[(⇢ + ?I)/(⇢ � ?I)] where ⇢ is the energy and
?I the longitudinal momentum of the object of interest.
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production of DM particles (indicated with j) through the decay of a scalar or pseudoscalar mediator coupling to
bottom quarks, and (c) pair production of scalar third-generation down-type leptoquarks decaying to bottom quarks
and neutrinos or top quarks and g-leptons. BSM particles are indicated in red, while SM particles are indicated in
black.

2 ATLAS detector

The ATLAS detector [48–50] is a multipurpose detector with a forward–backward symmetric cylindrical
geometry and nearly 4c coverage in solid angle.2 The inner detector (ID) tracking system consists of pixel
and silicon microstrip detectors covering the pseudorapidity region |[ | < 2.5, surrounded by a transition
radiation tracker, which improves electron identification over the region |[ | < 2.0. 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 hadronic coverage in the central pseudorapidity range (|[ | < 1.7). The endcap and forward
calorimeters (1.5 < |[ | < 4.9) are made of LAr active layers with either copper or tungsten as the absorber
material for electromagnetic and hadronic measurements. The muon spectrometer with an air-core toroid
magnet system surrounds the calorimeters. Three layers of high-precision tracking chambers provide
coverage in the range |[ | < 2.7, while dedicated chambers allow triggering in the region |[ | < 2.4.

3 Data collection and simulated event samples

The data analysed in this paper were collected between 2015 and 2018 at a centre-of-mass energy of
13 TeV with a 25 ns proton bunch crossing interval. The average number, h`i, of ?? interactions per bunch
crossing (pile-up) ranged from 13 in 2015 to around 38 in 2017–2018. Application of beam, detector
and data-quality criteria [51] results in a total integrated luminosity of 139 fb�1. The uncertainty in the

2 ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point in the centre of the detector. The
positive G-axis is defined by the direction from the interaction point to the centre of the LHC ring, with the positive H-axis
pointing upwards, while the beam direction defines the I-axis. Cylindrical coordinates (A , q) are used in the transverse plane,
q being the azimuthal angle around the I-axis. The transverse momentum ?T, the transverse energy ⇢T and the missing
transverse momentum are defined in the G–H plane unless stated otherwise. The pseudorapidity [ is defined in terms of the
polar angle \ by [ = � ln tan(\/2) and the rapidity is defined as H = (1/2) ln[(⇢ + ?I)/(⇢ � ?I)] where ⇢ is the energy and
?I the longitudinal momentum of the object of interest.
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value. The “Other” category includes contributions from diboson and CC̄ +,///� production. The shaded band
represents the total uncertainty of the background prediction.

for example, the minimum expected exclusion value of �<(1̃1, j̃
0
1) for <

1̃1
= 600 GeV using SRC-2b

alone would be about 25 GeV.

The combined fit to SRA and SRB is also used to set limits on the model where pairs of scalar third-
generation down-type leptoquarks are produced. Limits at 95% CL are set on the branching ratio

B
⇣
LQ3

3 ! Cg

⌘
= 1 � B

⇣
LQ3

3 ! 1ag

⌘
as a function of the leptoquark mass. The result is shown in

Figure 9. LQ3

3 masses up to 1260 GeV are excluded for B
⇣
LQ3

3 ! Cg

⌘
= 0, while the limit decreases to

400 GeV if B
⇣
LQ3

3 ! Cg

⌘
= 95%. The same event deficit in SRAmct350, SRAmct450 and SRAmct550

already discussed in relation to Figure 8(a) is responsible for the discrepancy between the observed and
expected limit for leptoquark masses around 700 GeV.

Finally, exclusion limits are set on DM production models with scalar or pseudoscalar mediators in
Figure 10. The limits are obtained by taking for each point the signal region (either SRD-low or SRD-high)
that yields the better expected CLS value. Limits on the cross-section are provided for a j mass of 1 GeV
and unitary coupling of the mediator to the dark matter particles, separately for scenarios with a scalar or a
pseudoscalar mediator. In both cases, cross-sections exceeding between 5 and 300 times the predicted rate
for mediators with masses between 10 and 500 GeV are excluded.
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Mass splitting between sbottom and LSP defines kinematics → 
dedicated non-overlapping signal regions for low, medium and 
high Δm

• High Δm: events with high pTmiss, mbb, mCT and meff

• Medium Δm: BDT based on mix of low and high level inputs

• Low Δm: ISR jets and dedicated identification of soft b quarks
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planes. The dashed line and the shaded band are the expected limit and its ±1f uncertainty,
respectively. The thick solid line is the observed limit for the central value of the signal cross-section. The expected
and observed limits do not include the e�ect of the theoretical uncertainties in the signal cross-section. The dotted
lines show the e�ect on the observed limit of varying the signal cross-section by ±1f of the theoretical uncertainty.
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0
1) < 5 GeV, not

investigated in this analysis, is shaded in dark grey.
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Figure 1: Diagrams illustrating the processes targeted by this analysis: (a) bottom squark pair production, (b)
production of DM particles (indicated with j) through the decay of a scalar or pseudoscalar mediator coupling to
bottom quarks, and (c) pair production of scalar third-generation down-type leptoquarks decaying to bottom quarks
and neutrinos or top quarks and g-leptons. BSM particles are indicated in red, while SM particles are indicated in
black.

2 ATLAS detector

The ATLAS detector [48–50] is a multipurpose detector with a forward–backward symmetric cylindrical
geometry and nearly 4c coverage in solid angle.2 The inner detector (ID) tracking system consists of pixel
and silicon microstrip detectors covering the pseudorapidity region |[ | < 2.5, surrounded by a transition
radiation tracker, which improves electron identification over the region |[ | < 2.0. 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 hadronic coverage in the central pseudorapidity range (|[ | < 1.7). The endcap and forward
calorimeters (1.5 < |[ | < 4.9) are made of LAr active layers with either copper or tungsten as the absorber
material for electromagnetic and hadronic measurements. The muon spectrometer with an air-core toroid
magnet system surrounds the calorimeters. Three layers of high-precision tracking chambers provide
coverage in the range |[ | < 2.7, while dedicated chambers allow triggering in the region |[ | < 2.4.

3 Data collection and simulated event samples

The data analysed in this paper were collected between 2015 and 2018 at a centre-of-mass energy of
13 TeV with a 25 ns proton bunch crossing interval. The average number, h`i, of ?? interactions per bunch
crossing (pile-up) ranged from 13 in 2015 to around 38 in 2017–2018. Application of beam, detector
and data-quality criteria [51] results in a total integrated luminosity of 139 fb�1. The uncertainty in the

2 ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point in the centre of the detector. The
positive G-axis is defined by the direction from the interaction point to the centre of the LHC ring, with the positive H-axis
pointing upwards, while the beam direction defines the I-axis. Cylindrical coordinates (A, q) are used in the transverse plane,
q being the azimuthal angle around the I-axis. The transverse momentum ?T, the transverse energy ⇢T and the missing
transverse momentum are defined in the G–H plane unless stated otherwise. The pseudorapidity [ is defined in terms of the
polar angle \ by [ = � ln tan(\/2) and the rapidity is defined as H = (1/2) ln[(⇢ + ?I)/(⇢ � ?I)] where ⇢ is the energy and
?I the longitudinal momentum of the object of interest.
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Sbottom with taus
Very similar final state as in stop-stau model, but resonant 
taus from h→𝜏𝜏


• Assume SM Higgs boson mass and B(h→𝜏𝜏)


• Minimum solid angle of b-jet and 𝜏H pairs Θmin to 
discriminate agains SM top quark background


• Single bin SR for reinterpretations
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Figure 1: Simplified model of bottom-squark pair production and the decay chain targeted by this analysis.

for an almost massless j̃
0
1 at the 95% confidence level, and bottom-squark masses up to at least 400 GeV

for heavier masses of the j̃
0
1 .

The paper is structured as follows. After this introduction, Section 2 briefly describes the ATLAS detector,
and Section 3 presents the dataset and simulated event samples. The reconstruction of physics objects
is described in Section 4, and the signal selection and analysis discriminants are detailed in Section 5.
The procedures to derive the background estimate are explained in Section 6, followed by a summary
of the systematic uncertainties in Section 7. Section 8 presents the results from the analysis and their
interpretation, and conclusions are given in Section 9.

2 ATLAS detector

The ATLAS experiment [24–27] at the LHC is a multipurpose particle detector with a forward–backward
symmetric cylindrical geometry and nearly 4c coverage in solid angle.1 It consists of an inner tracking
detector surrounded by a thin superconducting solenoid providing a 2 T axial magnetic field, electromagnetic
and hadronic calorimeters, and a muon spectrometer. The inner tracking detector covers the pseudorapidity
range |[ | < 2.5. It consists of silicon pixel, silicon microstrip, and transition radiation tracking detectors.
Lead/liquid-argon (LAr) sampling calorimeters provide electromagnetic (EM) energy measurements with
high granularity. A steel/scintillator-tile hadronic calorimeter covers the central pseudorapidity range
(|[ | < 1.7). The endcap and forward regions are instrumented with LAr calorimeters for EM and hadronic
energy measurements up to |[ | = 4.9. The muon spectrometer surrounds the calorimeters and is based
on three large air-core toroidal superconducting magnets with eight coils each. The muon spectrometer
includes a system of precision tracking chambers and fast detectors for triggering. A two-level trigger
system is used to select events. The level-1 trigger is implemented in hardware and uses information
from the calorimeters and the muon spectrometer to accept events at a maximum rate of 100 kHz. This
is followed by a software-based high-level trigger (HLT) that reduces the event rate to 1 kHz on average
depending on the data-taking conditions.

1 ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point (IP) in the center of the detector
and the I-axis along the beam pipe. The G-axis points from the IP to the center of the LHC ring, and the H-axis points
upwards. Cylindrical coordinates (A, q) are used in the transverse plane, q being the azimuthal angle around the I-axis.
The pseudorapidity is defined in terms of the polar angle \ as [ = � ln tan(\/2). Angular distance is measured in units of
�' ⌘

p
(�[)2 + (�q)2.
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Figure 7: Comparison of the expected and observed event yields in the signal regions defined in Table 2. The top-quark
and / (gg) background contributions are scaled with the normalization factors obtained from the background-only fit.
The “Other” contribution includes all the backgrounds not explicitly listed in the legend (++jets except / (gg)+jets,
diboson/triboson, multÚet). The hatched band indicates the total statistical and systematic uncertainty of the SM
background. The contributions from three signal models to the signal regions are also displayed, where the masses
<(1̃) and <( j̃0

2) are given in GeV in the legend. The lower panel shows the significance of the deviation of the
observed yield from the expected background yield.

Exclusion contours at the 95% confidence level (CL) are derived from the yields in the multi-bin signal
region for the two-dimensional parameter space of <(1̃) and <( j̃0

2) in the simplified model from Figure 1.
A fixed mass di�erence of 130 GeV between the second-lightest neutralino j̃

0
2 and lightest neutralino j̃

0
1 is

assumed for all signal models. The probabilities that the data are compatible with the background-only and
signal-plus-background hypotheses are evaluated using a one-sided profile-likelihood-ratio test statistic
and the CLs prescription [105]. The computations rely on asymptotic properties of the profile-likelihood
ratio [95]. Systematic uncertainties are treated as nuisance parameters with Gaussian probability densities
in the likelihood function. The resulting observed and expected exclusion contours are shown in Figure 8.
The uncertainties in the cross section of the supersymmetric signal are not included in the fit but shown as
an uncertainty band around the observed limit contour. Since the observed data yield is larger than the
expected total background in the highest ⇥min bin, which is most sensitive to models with large <(1̃), the
observed exclusion contour deviates inwards from the expected contour with increasing <(1̃), but it stays
within the uncertainty band of the expected limit. The search is optimized for the low-<( j̃0

2) region and has
sensitivity to models with <( j̃0

2) up to 300 GeV. Bottom squarks with masses up to 850 GeV are excluded
in this region. For <( j̃0

2) below about 200 GeV, the softer ⇢miss
T spectrum of the signal results in a lower

acceptance, leading to a slightly reduced exclusion reach in bottom-squark mass. The parameter-space
region where �<(1̃, j̃0

2) . 20 GeV cannot be excluded as the bottom-squark decay products are not boosted
enough, and the stringent kinematic requirements in the SRs result in low signal acceptance. These results
are overlaid on the observed exclusion contour from a previous ATLAS search [22] to demonstrate the
complementarity of the two approaches. The new results have unique sensitivity to a previously uncovered
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Figure 8: Exclusion contours at the 95% CL as a function of <(1̃) and <( j̃0
2), assuming �<( j̃0

2 , j̃
0
1) = 130 GeV.

Observed and expected limits are shown for the present search that requires hadronically decaying g-leptons, 1-jets
and ⇢

miss
T in the final state. The observed exclusion limit from a previous ATLAS search [22] that requires 1-jets

and ⇢
miss
T in the final state is also displayed. The region <(1̃) < 400 GeV is excluded by a previous search from

CMS [23].

region of parameter space at low j̃
0
2 masses, where the previous search quickly loses sensitivity.

The results from the single-bin signal region can be interpreted in terms of model-independent upper limits
on the event yields from potential BSM processes. The fit is performed simultaneously over the CRs and
the single-bin SR, assuming no signal contribution in the CRs. The profile-likelihood-ratio test statistic
is evaluated using pseudo-experiments. An upper limit of 0.05 fb is derived for the visible cross section
fvis, defined as the product of the cross section, acceptance and selection e�ciency of such processes. In
addition, Table 8 summarizes the expected and observed 95% CL upper limits on the number of BSM
events, as well as the confidence level of the background-only hypothesis CLb. The ?-value and the
corresponding significance for the background-only hypothesis to fluctuate to at least the observed values
are also included.
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Enhanced sensitivity wrt h→bb
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Summary
• ATLAS and CMS released large set of results using the LHC Run 2 data


• Natural stops and sbottoms below 1.2 TeV (or even higher) excluded in 
wide range of simplified models


• Similarly strong limits at TeV scale for cascade decays of stops/sbottoms, 
GMSB models, RPV or stealth stops


• New analysis techniques increase sensitivity beyond luminosity scaling

13

400 600 800 1000 1200 1400

 [GeV]b~m

0

200

400

600

800

1000 [G
eV

]
10 χ∼

m

CMS
1
0χ∼ b→ b~,  b~b~ →pp Moriond 2021

 (13 TeV)-1137 fb
Expected
Observed

-1), 36 fbT21705.04650, 0-lep (M
)miss

T1908.04722, 0-lep (H
)T21909.03460, 0-lep (M



Daniel Spitzbart June 10th 2021

BACKUP

14



Daniel Spitzbart June 10th 2021

Hadronic stop
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Top squark combination
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Top squark combination
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Top squark combination
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Stops with taus
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Figure 9: Expected and observed exclusion contours at the 95 % confidence level for the leptoquarks signal model,
as a function of <(LQ3) and the branching fraction ⌫(LQu/d

3 ! @✓) into charged leptons. The top plot shows the
exclusion contour for scalar third-generation leptoquarks LQu

3 with charge +2/34, the bottom plot the exclusion
contour for scalar third-generation leptoquarks LQd

3 with charge �1/34. The limits are derived from the binned
single-tau signal region. Shown in gray for comparison are the observed exclusion-limit contours from the previous
ATLAS publication that targets the same leptoquark models but is based on a subset of the Run-2 data [54]. In this
previous publication five di�erent analyses are considered that target not only the final state studied here but also
the final states that correspond to a branching fraction ⌫(LQu/d

3 ! @✓) of 0 or 1 into a charged lepton and a quark,
leading to the concave shapes of the gray exclusion contours.
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Figure 7: Distributions of <T2 (g1, g2) and ⇢
miss
T in the di-tau SR (top), of BT and <T (g) in the single-tau one-bin SR

(middle) and of
Õ
<T (11,2) and ?T (g) in the single-tau ?T (g)-binned SR (bottom). The stacked histograms show

the various SM background contributions. The hatched band indicates the total statistical and systematic uncertainty
of the SM background. The CC̄ (2 real g) and CC̄ (1 real g) as well as the single-top background contributions are scaled
with the normalization factors obtained from the background-only fit. Minor backgrounds are grouped together and
denoted as “Other”. This includes CC̄-fake, single top, and other top (di-tau channel) or CC̄-fake, CC̄ + �, multiboson,
and other top (single-tau channel) . The overlaid dotted lines show the additional contributions for signal scenarios
close to the expected exclusion contour with the particle type and the mass parameters for the simplified models
indicated in the legend. For the leptoquark signal model, the parameter V here is set to 0.5, and the shape for LQd

3
(not shown) is similar to that of LQu

3. The rightmost bin includes the overflow.
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with the normalization factors obtained from the background-only fit. Minor backgrounds are grouped together and
denoted as “Other”. This includes CC̄-fake, single top, and other top (di-tau channel) or CC̄-fake, CC̄ + �, multiboson,
and other top (single-tau channel) . The overlaid dotted lines show the additional contributions for signal scenarios
close to the expected exclusion contour with the particle type and the mass parameters for the simplified models
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Direct sbottom production
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respectively. The thick solid line is the observed limit for the central value of the signal cross-section. The expected
and observed limits do not include the e�ect of the theoretical uncertainties in the signal cross-section. The dotted
lines show the e�ect on the observed limit of varying the signal cross-section by ±1f of the theoretical uncertainty.
Regions excluded by previous analyses are shaded in light grey, while the region with �<(1̃1, j̃
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Figure 1: Diagrams illustrating the processes targeted by this analysis: (a) bottom squark pair production, (b)
production of DM particles (indicated with j) through the decay of a scalar or pseudoscalar mediator coupling to
bottom quarks, and (c) pair production of scalar third-generation down-type leptoquarks decaying to bottom quarks
and neutrinos or top quarks and g-leptons. BSM particles are indicated in red, while SM particles are indicated in
black.

2 ATLAS detector

The ATLAS detector [48–50] is a multipurpose detector with a forward–backward symmetric cylindrical
geometry and nearly 4c coverage in solid angle.2 The inner detector (ID) tracking system consists of pixel
and silicon microstrip detectors covering the pseudorapidity region |[ | < 2.5, surrounded by a transition
radiation tracker, which improves electron identification over the region |[ | < 2.0. 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 hadronic coverage in the central pseudorapidity range (|[ | < 1.7). The endcap and forward
calorimeters (1.5 < |[ | < 4.9) are made of LAr active layers with either copper or tungsten as the absorber
material for electromagnetic and hadronic measurements. The muon spectrometer with an air-core toroid
magnet system surrounds the calorimeters. Three layers of high-precision tracking chambers provide
coverage in the range |[ | < 2.7, while dedicated chambers allow triggering in the region |[ | < 2.4.

3 Data collection and simulated event samples

The data analysed in this paper were collected between 2015 and 2018 at a centre-of-mass energy of
13 TeV with a 25 ns proton bunch crossing interval. The average number, h`i, of ?? interactions per bunch
crossing (pile-up) ranged from 13 in 2015 to around 38 in 2017–2018. Application of beam, detector
and data-quality criteria [51] results in a total integrated luminosity of 139 fb�1. The uncertainty in the

2 ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point in the centre of the detector. The
positive G-axis is defined by the direction from the interaction point to the centre of the LHC ring, with the positive H-axis
pointing upwards, while the beam direction defines the I-axis. Cylindrical coordinates (A , q) are used in the transverse plane,
q being the azimuthal angle around the I-axis. The transverse momentum ?T, the transverse energy ⇢T and the missing
transverse momentum are defined in the G–H plane unless stated otherwise. The pseudorapidity [ is defined in terms of the
polar angle \ by [ = � ln tan(\/2) and the rapidity is defined as H = (1/2) ln[(⇢ + ?I)/(⇢ � ?I)] where ⇢ is the energy and
?I the longitudinal momentum of the object of interest.
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Figure 6: Post-fit distribution of (a) <CT in SRA; (b) FXGB in SRB; and ⇢
miss
T in (c) SRC-2b, (d) SRC-1b1v, (e)

SRC-0b1v. Where relevant, the signal region selection is indicated by a black arrow. In each of (a)–(e) the lower
plot shows the ratios of the observed yields to the post-fit predicted background yields, with a red arrow indicating
when a ratio value is outside the displayed interval. The “Other” category includes contributions from diboson, and
CC̄ +,///� production. The shaded band represents the total uncertainty of the background prediction. The last bin
includes overflow events.
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Figure 6: Post-fit distribution of (a) <CT in SRA; (b) FXGB in SRB; and ⇢
miss
T in (c) SRC-2b, (d) SRC-1b1v, (e)

SRC-0b1v. Where relevant, the signal region selection is indicated by a black arrow. In each of (a)–(e) the lower
plot shows the ratios of the observed yields to the post-fit predicted background yields, with a red arrow indicating
when a ratio value is outside the displayed interval. The “Other” category includes contributions from diboson, and
CC̄ +,///� production. The shaded band represents the total uncertainty of the background prediction. The last bin
includes overflow events.
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Figure 10: 95% CL limits on the cross-section for the models of dark matter production mediated by a (a) scalar
or (b) pseudoscalar mediator. The dashed line and the shaded band are the expected limit and its ±1f and ±2f
uncertainties, respectively. The thick solid line is the observed limit for the central value of the signal cross-section.
The grey line shows the limit from previous results [44]. The hatched red band shows the uncertainty of the model
cross-section.
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Figure 10: 95% CL limits on the cross-section for the models of dark matter production mediated by a (a) scalar
or (b) pseudoscalar mediator. The dashed line and the shaded band are the expected limit and its ±1f and ±2f
uncertainties, respectively. The thick solid line is the observed limit for the central value of the signal cross-section.
The grey line shows the limit from previous results [44]. The hatched red band shows the uncertainty of the model
cross-section.
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Figure 1: Diagrams illustrating the processes targeted by this analysis: (a) bottom squark pair production, (b)
production of DM particles (indicated with j) through the decay of a scalar or pseudoscalar mediator coupling to
bottom quarks, and (c) pair production of scalar third-generation down-type leptoquarks decaying to bottom quarks
and neutrinos or top quarks and g-leptons. BSM particles are indicated in red, while SM particles are indicated in
black.

2 ATLAS detector

The ATLAS detector [48–50] is a multipurpose detector with a forward–backward symmetric cylindrical
geometry and nearly 4c coverage in solid angle.2 The inner detector (ID) tracking system consists of pixel
and silicon microstrip detectors covering the pseudorapidity region |[ | < 2.5, surrounded by a transition
radiation tracker, which improves electron identification over the region |[ | < 2.0. 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 hadronic coverage in the central pseudorapidity range (|[ | < 1.7). The endcap and forward
calorimeters (1.5 < |[ | < 4.9) are made of LAr active layers with either copper or tungsten as the absorber
material for electromagnetic and hadronic measurements. The muon spectrometer with an air-core toroid
magnet system surrounds the calorimeters. Three layers of high-precision tracking chambers provide
coverage in the range |[ | < 2.7, while dedicated chambers allow triggering in the region |[ | < 2.4.

3 Data collection and simulated event samples

The data analysed in this paper were collected between 2015 and 2018 at a centre-of-mass energy of
13 TeV with a 25 ns proton bunch crossing interval. The average number, h`i, of ?? interactions per bunch
crossing (pile-up) ranged from 13 in 2015 to around 38 in 2017–2018. Application of beam, detector
and data-quality criteria [51] results in a total integrated luminosity of 139 fb�1. The uncertainty in the

2 ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point in the centre of the detector. The
positive G-axis is defined by the direction from the interaction point to the centre of the LHC ring, with the positive H-axis
pointing upwards, while the beam direction defines the I-axis. Cylindrical coordinates (A , q) are used in the transverse plane,
q being the azimuthal angle around the I-axis. The transverse momentum ?T, the transverse energy ⇢T and the missing
transverse momentum are defined in the G–H plane unless stated otherwise. The pseudorapidity [ is defined in terms of the
polar angle \ by [ = � ln tan(\/2) and the rapidity is defined as H = (1/2) ln[(⇢ + ?I)/(⇢ � ?I)] where ⇢ is the energy and
?I the longitudinal momentum of the object of interest.

3
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Consider the diagrams in Fig. 1. We’ve already observed that the one at left is problematic: it’s a
renormalization of an external line, so we don’t want to include it when we compute a loop amplitude. In
shamplitude calculations, it shows up as unpleasant 1

s12...(n�1)
! � factors in the amplitudes we’re trying

to build the shamplitude out of, which we are currently removing by hand.
The other kind of bubble diagram with one gluon connected at one end is shown on the right in Fig. 1.

It has a two-particle vertex at the other end. As a result, it has the structure:
Z

d
4
�

(2⇡)4
✏1µ (2�

µ + k
µ
1 ) J(k2, . . . kj) · J(kj+1, . . . kn)

(�2 � m2)((� + k1)2 � m2)
. (1)

1

Figure 1: A schematic of the sectors involved in a general stealth model. Flavor-blind mediation
gives rise to standard MSSM soft SUSY-breaking terms, but the soft terms in the stealth sector are
suppressed relative to this. The MSSM and the stealth sector are weakly coupled, and the size of soft
terms in the stealth sector is suppressed relative to the supersymmetric mass scale of the stealth sector
by a weak-coupling factor.

as the splittings are su�ciently small and the typical multiplicity is low, SUSY can still be

hidden at colliders.)

2.2 Stealth SUSY Is Not Compressed SUSY

It is well-known that, for standard gravity-mediated MSSM spectra, collider signals are more

di�cult to observe as the masses are compressed. For instance, a gluino decaying to a bino

and two quarks, g̃ ! qq̄B̃, is most constrained if the bino is nearly massless, in which case

a significant fraction of the gluino’s energy goes into invisible momentum from the bino. As

the mass splitting is reduced, the typical missing energy in the event is reduced, and limits

from LHC searches grow weaker. Recent discussions of limits on compressed scenarios can

be found in [22]. Superficially, stealth SUSY might sound like a special case of compressed

SUSY: mass splittings are small, missing ET is reduced, and limits are weaker. However,

there is a crucial kinematic di↵erence, associated with the fact that in standard compressed

SUSY, the invisible particle is a heavy decay product, whereas in stealth SUSY the invisible

particle is very light. This ensures that the reduced missing ET of stealth SUSY is much

more robust against e↵ects like initial state radiation.

To clarify this di↵erence, we will review some basic relativistic kinematics and rules-of-

thumb for hadron collider physics. First, consider the decay of a heavy particle of mass M to

a particle of mass m = M � �M and a massless particle. In the rest frame, the momentum

– 4 –

We take the singlino to be slightly heavier than the singlet. Thus the singlino will decay 100% of the
time to singlet and the invisible fermion, which is the lightest superparticle in the spectrum.

2.2 Decays of the LOSP
We assume a relatively small coupling between the visible sector and the stealth sector, so that all visible
superpartners rapidly cascade down to the LOSP, which then decays to the stealth sector. The decays that
we obtain depend on the choice of SHu Hd or SYY as the dominant interaction between the sectors. Further
detailed descriptions of decay widths (including the relevant natural SUSY widths for transitions between
SM superpartners) may be found in Appendix A. We list the decays of different possibilities of LOSP in
either the SHuHd or SYY model in Figure 1. In the SHu Hd model, the decays of the LOSP to singlino
always go through mixing between the singlino and a Higgsino (represented by the crosses in the figure).
In the SYY model, the couplings between the LOSP and the stealth singlet are generated via a loop of Y
and Y messengers. Thus the decays of LOSP into the stealth sector proceed through the loops represented
by the blue blobs in the figure.
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Figure 1: All possible LOSP decays we consider in the stealth simplified models. The crosses on the singlino legs in
the SHu Hd models represent a mixing between singlino and Higgsino. The red blob in the gluino LOSP decay in the
SHu Hd model represents an off-shell stop. The blue blobs in all the LOSP decays in the SYY model represent a loop of
Y, Y messengers.

We have drawn all of the Higgsino states decaying to the singlino in Figure 1, treating the whole mul-

4

Portal loop

1201.4875

1512.05781

300 400 500 600 700 800 900 1000 1100 1200
 [GeV]t~ m

3−10

2−10

1−10

1

10

210

 [p
b]

t~  t~σ
 9

5%
 C

L 
up

pe
r l

im
it 

on
 

g) = 1.0S~ t→ t~(Β
 gg) = 1.0→(S Β) = 1.0, G~ S→ S~(Β

 = 90 GeV
S

 = 1 GeV, m
G~

 = 100 GeV, m
S~

m

 gg→, S G~ S→ S~g, S~ t→ t~, t~ t~ →pp 
68% expected
95% expected
Observed limit

 (NNLO+NNLL)
t~ t~

σ

 (13 TeV)-1137 fb

CMS

https://arxiv.org/abs/1201.4875
https://arxiv.org/abs/1512.05781


Daniel Spitzbart June 10th 2021

HL-LHC

23

• Constraints from Run 2 are already way beyond the expectations of stops 
below 1 TeV


• Current HL-LHC projections: Potential reach for 5σ discovery already 
excluded…
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Fig. 2.1.3: Final 95% C.L. exclusion reach and 5� discovery contour corresponding to 3 ab�1of proton-proton
collisions collected by ATLAS at the HL-LHC.

top quarks and W -bosons in the final state. For the evaluation of the final exclusion sensitivity, a set
of mutually exclusive signal regions is defined. The events are classified in 30 different signal regions
according to the number of identified b-jets, the value of the mass of the second (ordering done in mass)
reclustered jet reconstructed with distance parameter R = 1.2, manti-k1.2t

2 mass, and the value of the
Emiss

T . For the evaluation of the discovery sensitivity, a set of single bin cut-and-count signal regions
is defined, which apply the full preselection, and then require Nb�jet � 2, manti-k1.2t

2 > 120 GeV.
Four different thresholds in Emiss

T are then defined to achieve optimal sensitivity for a 5� discovery:
Emiss

T > 400, 600, 800, 1000 GeV. For each model considered, the signal region giving the lowest p-
value against the background-only hypothesis in presence of the signal is used. The basic idea of the
diagonal analysis arises from the fact that, given the mass relation between the stop and the neutralino,
the stop decay products (the top quark and the neutralino) are produced nearly at rest in the stop reference
frame. When looked at from the lab reference frame, the transverse momentum acquired by the decay
products will be proportional to their mass. If pISRT is the transverse momentum of everything that recoils
against the stop pair, it can be shown that

RISR ⌘
Emiss

T

pISRT

⇠

m
⇣
�̃0
1

⌘

m
�
t̃1
� . (2.1.1)

Following this considerations, a recursive jigsaw reconstruction is performed, which makes assumptions
that allow the definition of a set of variables in different reference frames. The final strategy for the
assessment of exclusion sensitivity for the diagonal analysis is thus to use a set of mutually exclusive
signal region defined in bins of RISR and Emiss

T . For the evaluation of the discovery sensitivity, four
cut-and-count signal regions are defined, which apply the full preselection, and then require RISR > 0.7
and Emiss

T > 500, 700, 900, 1100 GeV. For each model considered, the signal region giving the lowest
p-value against the SM hypothesis in presence of signal is used.

The final Emiss
T distribution in the bins with manti-k1.2t

2 > 120 GeV, Nb�jet � 2 (for the large �m
analysis) and RISR > 0.65 (for the diagonal analysis) are shown in Fig. 2.1.2. In all cases, the main
background process is tt̄, with significant contribution of W+jets events for the large �m analysis. A
15% uncertainty is retained as a baseline value of the expected uncertainty for both analyses to determine
both the 5� and the 95% C.L. exclusion reach of the analysis. For the case of the estimation of the
95% C.L. exclusion sensitivity, a further scenario with doubled uncertainty (30%) is also evaluated.

The final exclusion sensitivity evaluation is done by performing a profile-likelihood fit to a set of
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