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• Although we have searched for SUSY particles for wide theoretical 
parameter regions (up to 2 TeV for strong searches), they are not 
discovered yet. 

• Experimentally challenging signature becomes more important for the 
discovery.

Strong searches:
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Figure 1: The decay topologies of (a,b,c) squark-pair production and (d, e, f, g) gluino pair production in the sim-
plified models with (a) direct or (b,c) one-step decays of squarks and (d) direct or (e, f, g) one-step decays of
gluinos.

the �+jets process the LO cross-section, taken directly from the SherpaMC generator, is multiplied by a144

correction factor as described in Section 8.145

For the generation of tt̄ and single-top processes in the Wt and s-channel [58], the Powheg-Box v2 [59]146

generator is used, while electroweak (EV) t-channel single-top events are modeled usingPowheg-Box v1.147

This latter generator uses the four-flavor scheme for the NLO matrix-element calculations together with148

the fixed four-flavor PDF set CT10f4 [60]. For each of these processes, the decay of the top quark is149

simulated using MadSpin [61] preserving all spin correlations, while for all processes the parton shower,150

fragmentation, and the underlying event are generated using Pythia 6.428 [62] with the CTEQ6L1 [63]151

PDF set and the corresponding Perugia 2012 tune (P2012) [64]. The top quark mass is set to 172.5 GeV.152

The hdamp parameter, which controls the pT of the first additional emission beyond the Born configuration,153

is set to the mass of the top quark. The main e↵ect of this parameter is to regulate the high-pT emission154

against which the tt̄ system recoils [58]. The tt̄ events are normalized to cross-sections calculated at155

NNLO+NNLL [65, 66] accuracy, while s- and t-channel single-top events are normalized to the NLO156

cross-sections [67, 68], and the Wt-channel single-top events are normalized to the NNLO+NNLL [69,157

70].158

For the generation of tt̄ + EW processes (tt̄ +W/Z/WW) [71], the MG5_aMC@NLO 2.2.3 generator at159

LO interfaced to the Pythia 8.186 parton-shower model is used, with up to two (tt̄+W, tt̄+Z(! ⌫⌫/qq)),160

one (tt̄+Z(! ``)) or no (tt̄+WW) extra partons included in the matrix element. The events are normalized161

to their respective NLO cross-sections [72, 73] and the top quark mass is also set to 172.5 GeV.162

Diboson processes (WW, WZ, ZZ) [74] are simulated using the Sherpa 2.1.1 generator. For processes163

with four charged leptons (4`), three charged leptons and a neutrino (3`+1⌫) or two charged leptons and164

two neutrinos (2`+2⌫), the matrix elements contain all diagrams with four electroweak couplings, and165
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•Objects: high-pT jets and high E 
• Precise low-statistics background 
estimation
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Compressed SUSY searches:
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• Objects: low-pT lepton/jets and low E 
• ISR to boost the SUSY particles
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1. Lepton reconstruction efficiencies 
‣ extension to low-pT leptons (muon: 4 GeV, electron: 4.5 GeV) 

2. The reclustered jet reconstructions 
‣ variable-R jet reconstruction 

3. Precise background estimations 
‣ Z(→νν)+jets and fake lepton/E 

4. Specific signal topologies 
‣ high-pT b-tagging 
‣ signal + ISR topology

miss
T

New!

New!

New!

Overview of reconstruction techniques
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Lepton reconstruction efficiencies
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• Muon (Electron) reconstruction efficiencies and correction factors are estimated 
for leptons in J/Ψ → μμ (ee) and Z → μμ (ee) events as a function of pT (ET)  
in a range pT > 4 GeV (ET > 4.5 GeV). 

• Muon efficiency is higher than 95% in each η regions except for the regions 
with detector gaps and/or services.  
(Electron efficiency is higher than 75% except for the regions with calorimeter gaps.)

[ATLAS-CONF-2016-024] 
[arXiv:1603.05598]

Examples: Muon reconstruction efficiencies

https://cds.cern.ch/record/2157687/files/ATLAS-CONF-2016-024.pdf
https://arxiv.org/abs/1603.05598
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Jet reclustering algorithm [arXiv:1407.2922]
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• Fixed large radius (R) jets (R=1.0) have good reconstruction performances 
for high-pT jets, but they may not be optimal for each analysis. 

• New reclustered large-R jets (R=1.0) are developed by  
the new reclustering algorithm with small radius jets (r=0.3, 0.4, etc).
‣ The calibration is not necessary because using the calibrated small-R jets. 
- The calibration for small-R jets contains the pile-up suppression.

‣ The reclustered large-R jets have  
smaller energy-scale uncertainty (~1%).
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Figure 1. An example event which has been clustered using the anti-kt R = 1.0 (left) and with
anti-kt R = 1.0 re-clustered r = 0.3 anti-kt jets (right). The shaded regions show the jet area
determined by clustering ghost particles. Only large radius jets with pT > 50 GeV are shown and
small radius jets are required to have pT > 15 GeV.

Due to the increased catchment area of large radius jets over small radius jets, they are
more susceptible to contributions from pileup. Just as there are pileup correction techniques
for large radius jets and their subjets, one can benefit from pileup corrections to the small
radius jet inputs that propagate to re-clustered jets. In particular, one can remove jets
from pileup interactions with techniques like JVT [19] or pileup jet identification [20] and
can correct the remaining jets with methods like the four-vector jet areas subtraction.

In the growing field of jet substructure, there are many jet observables which depend
explicitly on the jet constituents, not just the jet four-vector. These techniques are still
applicable for re-clustered jets. Section 5 discusses two approaches to jet substructure in
the re-clustering paradigm. In a top-down approach, large radius re-clustered jets inherit
the constituents of the small radius jets clustered within. Clearly, any constituents that
might be part of large radius jets that are not clustered within a small radius jets are not
considered under this scheme. However, this removal of radiation also impacts trimmed
large radius jets. More details on substructure for trimmed and re-clustered trimmed jets
is presented in Section 5.1. An alternative bottom-up approach to jet substructure is to use
the radius r jets directly as the inputs to jet substructure. The advantages and limitations
of bottom-up substructure are described in Section 5.2.
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R=1.0 jets R=1.0 and 
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Fixed large-R jets Reclustered large-R jets W/dijets mass reconstructions

W’ → WZ → qqll

Dijets

W mass

https://arxiv.org/abs/1407.2922
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Reconstruction method 

• All small-R jets (r=0.4) are clustered with 
an initial large-R parameter R0, e.g. R0 = 3.0. 

• The parameter R of each large-R jet is then 
iteratively reduced to an optimal R,

Variable-R jets reconstruction [arXiv:1711.11520]
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• The reclustering algorithm with small-R jets can reconstruct variable-R jets. 
• They are useful for the reconstruction of the top-quark or W boson with 
hadronic decay.
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Figure 8: Kinematic distributions after the preselection: (top left) mass of the hadronic top-quark candidate with
the recursive reclustering method (mreclustered

top ) after the high-Emiss
T preselection, (top right) mT after the high-Emiss

T
preselection, (bottom left) Emiss

T after the low-Emiss
T preselection, and (bottom right) lepton pT after the soft-lepton

preselection with an additional requirement of at least two b-tagged jets. The SM background predictions are
normalised with the theoretical cross-sections (pre-fit), except for in the Emiss

T distribution, where the tt̄ events are
scaled by the normalisation factors obtained from a simultaneous likelihood fit of the CRs. The category labelled
‘Others’ in the top left panel stands for the sum of minor SM backgrounds that contribute less than 5% of the total
SM background. The hatched area around the total SM prediction and the hatched band in the Data/SM ratio include
statistical and experimental uncertainties. The last bin contains overflows, except for the lepton pT distribution.

of the same type (for example, tN_diag_low targets a stop mass of 190 GeV, while tN_diag_high is
optimised for mt̃1

= 450 GeV). Furthermore, two additional SRs labelled bWN and bffN are dedicated to
the three-body (t̃1 ! bW �̃0

1 ) and four-body (t̃1 ! b f f 0 �̃0
1 ) decay searches, respectively.

Six SRs target various t̃1 ! b �̃±1 scenarios, and the SR labels follow the same logic: the first two
characters bC stand for ‘bottom chargino’. The consecutive labels, 2x, bv, or soft, denote the targeted
electroweakino spectrum. For the wino NLSP scenario, three SRs are designed with the label bC2x
denoting the mass relation m�̃±

1
⇠ 2⇥m�̃0

1
in the signal model. The label bCbv is used for the no b-tagged

jets (b-veto) SR. For the higgsino LSP scenario, three SRs are labelled as bCsoft because their selections
explicitly target soft-lepton signatures.

21

stop1L, t̃1 ! t�̃0
1

( pT: pT of the large-R jet, m: candidate’s mass)

Top mass

https://arxiv.org/abs/1711.11520
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Z(→νν)+jets background estimation
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• The dominant background in Signal Region (SR) is 
estimated by using Control Region (CR) : 

• Z(         )+jets background is dominant for squark/gluino pair production 
in all jets final state [ATLAS-CONF-2017-022].
Z ! ⌫⌫

The maximum contribution to the overall background uncertainty is a few %.

= scale factor (SF)

NData,SR = NMC,SR ⇥ NData,CR

NMC,CR

• The modeling uncertainty of Z (          ) + jets is large. 
→ data-driven method with γ+jets is used. 
• γ+jets corrected to model Z+jets
→ Knowing corrections to high accuracy  
    more important than accuracy 
    on γ+jets or Z+jets alone

! ⌫⌫

Nγ = 0 Nγ = 1

CRSRs

extrapolate
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Fake lepton/E       background estimations
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• Fake E      backgrounds arise from 
‣ mis-measurements of jets or leptons 
‣ neutrinos from b- and c- semi-leptonic decays  

• Fake E      backgrounds due to 
‣ Z/γ*+ jets: in the search for electroweak and gluino pair productions  
                    in the two leptons final state → γ+jets reweighting method 

‣ QCD/multi-jets: in the search for squark/gluino pair production  
                            in the all jets final state → jets smearing method

miss
T

miss
T

Fake lepton background

Fake E      backgroundsmiss
T

miss
T

• Fake lepton background arises from mis-identified jets.  
• Fake lepton modeling at very low-pT, which is new, challenging, and important 
for the compressed SUSY scenarios with soft leptons. 

• The quantitative estimation of the fake lepton is obtained by data-driven  
fake factor method.
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Techniques for fake E      background 
reconstructions
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Figure 3: Left, the Emiss
T spectrum in Sherpa Z/�⇤ + jets MC simulation compared to that of the � + jets background

estimation technique applied to Sherpa � + jets MC simulation in VRZ. The error bars on the points indicate the
statistical uncertainty of the Z/�⇤ + jets MC simulation, and the hashed uncertainty bands indicate the statistical
and reweighting systematic uncertainties of the �+jet background method. For this MC comparison the upper Emiss

T
cut has been removed from VRZ and the overflow is included in the rightmost bin. Right, the Emiss

T spectrum when
the method is applied to data in VRZ. Here the flavour-symmetric background is estimated using the data-driven
flavour-symmetry method, and the fake-lepton background is estimated using the data-driven method explained in
Section 7.3. Rare top and diboson backgrounds are taken from MC simulation. The rare top and data-driven fake-
lepton backgrounds are grouped under “other” backgrounds. The hashed bands indicate the systematic uncertainty
of only the � + jets and flavour-symmetric backgrounds below 100 GeV and the full uncertainty of the VR-S pre-
diction above 100 GeV. The bottom panel of each figure shows the ratio of the observation (left, in MC simulation;
right, in data) to the prediction.

region the background due to prompt-lepton production, estimated from MC simulation, is subtracted
from the total data contribution. Prompt-lepton production makes up 7% (11%) of the baseline electron
(muon) sample and 10% (61%) of the signal electron (muon) sample in CR-fake. From the resulting data
sample the fraction of events in which the baseline leptons pass a signal-like selection yields the fake
e�ciency. Both the real- and fake-lepton e�ciencies are binned as a function of lepton pT and calculated
separately for the 2015 and 2016 data sets.

This method is validated by checking the closure in MC simulation and data–background agreement in
VR-fake.

19

dilepton pair (1611.05791)

γ+jets reweighting method [ATLAS-CONF-2017-039]

Jets smearing method [arXiv:1208.0949]

• The γ+jets events are used to produce a E      template  
 in Z+jets. 

• The difference of the pT distribution and resolution between 
the lepton and the photon is corrected. 
‣ The pT distribution of the smeared γ is reweighted to 
match the pT distribution of Z reconstructed by ee/μμ.
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Figure 6: Observed me↵(incl.) distributions in control regions (a) Me↵-CR�, (b) Me↵-CRQ, (c) Me↵-CRW and (d)
Me↵-CRT after selecting events with at least four energetic jets as indicated in Table 2 for Me↵-4j-2200 after apply-
ing all selection requirements except those on the plotted variable. No selection requirements on ��(jet, ~Emiss

T )min
are applied in Me↵-CRW and Me↵-CRT regions. The arrows indicate the values at which the requirements on
me↵(incl.) are applied. The histograms denote the MC background expectations, normalized to cross-section times
integrated luminosity and the dominant process in each CR is normalized to data. In case of �+jets background, a 
factor described in the text is applied. The last bin includes the overflow. The hatched (red) error bands denote the
combined experimental, MC statistical and theoretical modelling uncertainties.
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squarks/gluino 0L

Multijet• Smeared events are generated by multiplying 
R(pT)= p     /p       to well-measured multi-jet events. 

• The R(pT) of jets is initially estimated from MC, and then 
modified to agree with data in dedicated samples. 

• Final smeared events are used to estimate the 
distributions of variables defining the CRs and SRs.

reco
T

truth
T

https://cds.cern.ch/record/2267406
https://arxiv.org/abs/1208.0949
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Specific signal topology with  
high-pT b-tagging [arXiv:1708.09266]
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• In case of the search for direct sbottom pair production, dedicated signal 
region with high-pT b-jets is defined for zero-lepton channel. 

‣ The events with high-pT b-jets (v1, v2) is reconstructed by using the 
cotransverse mass (mCT) variable which is the mass of pair-produced 
semi-invisibly decaying heavy particles: 
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Figure 1: Diagrams illustrating the signal scenarios considered for the pair production of bottom and top squarks
targeted by the (a) zero-lepton and (b) one-lepton channel selections. In (a) bottom squarks decay to a bottom quark
and the lightest neutralino. In (b), decays via intermediate charginos are kinematically available and compete. If
the mass di↵erence �m(�̃±1 , �̃

0
1) is small, the W bosons from chargino decays are o↵-shell.

inspired by the minimal supersymmetric extension of the SM (MSSM) [15–17], where the b̃1 exclus-
ively decays as b̃1 ! b�̃0

1 or where two decay modes for the bottom (top) squark are allowed and direct
decays to the LSP, b̃1 ! b�̃0

1 (t̃1 ! t�̃0
1) compete with decays via an intermediate chargino (�̃±1 ) state,

b̃1 ! t�̃±1 (t̃1 ! b�̃±1 ). In this case it is assumed that the �̃±1 is the next-to-lightest supersymmetric particle
(NLSP) and is almost degenerate with �̃0

1, such that other decay products are too low in momentum to
be e�ciently reconstructed. The first set of models lead to final-state events from bottom squark pair
production characterized by the presence of two b-jets, Emiss

T and no charged leptons (` = e, µ), referred
to as the zero-lepton channel (Figure 1(a)). For mixed decays (direct or through an intermediate stage),
the final state of bottom or top squark pair production depends on the branching ratios of the competing
decay modes. If the decay modes are equally probable, a large fraction of the signal events are character-
ized by the presence of a top quark, a bottom quark, and neutralinos. Hadronic decays of the top quark
are targeted by the zero-lepton channel, whilst novel dedicated selections requiring one charged lepton,
two b-jets and Emiss

T are developed for semi-leptonic decays of the top quark, referred to as the one-lepton
channel (Figure 1(b)). A statistical combination of the two channels is performed when interpreting the
results in terms of exclusion limits on the third-generation squark masses.

Previous searches for the exclusive decay b̃1 ! b�̃0
1 with the

p
s = 13 TeV LHC Run-2 dataset at

ATLAS and CMS have set exclusion limits at 95% confidence level (CL) on b̃1 masses in such scenarios
[18,19]. Searches in the context of mixed-decay models were performed only by ATLAS using the Run-1p

s = 8 TeV dataset and resulted in exclusion limits on the third-generation squark mass that depend on
the branching ratios of the competing decay modes [20].

3

high-pT b

high-pT b

soft E missT

m
as
s 
sp
ec
tr
um

g̃
g̃

q
q̄

χ̃0
1

b̃

�m(b̃1, �̃0
1) > 250 GeV�m(b̃1, �̃0

1) > 250 GeV

https://arxiv.org/abs/1708.09266
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Specific signal topology (signal + ISR) 
for signals with compressed mass spectra

11 / 12

high-ISR

high-EmissT

lepton/jets decayed 
from signals

boo
sted• Additional ISR with high momentum in the signal 

topologies is required for the signals with 
compressed mass spectra. 

‣ Relatively high E     , can be used for trigger  
(>230 GeV plateau).

miss
T

• Eight Run-2 papers for SUSY searches containing  
the compressed mass spectra rely on  the ISR techniques. Examples: 
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Figure 1: Diagrams representing the two lepton final state of (a) electroweakino H�0
2 H�±1 and (b) slepton pair H̀H̀

production in association with an initial state radiation jet. In this analysis, the Higgsino simplified model also
considers H�0

2 H�0
1 and H�+1 H��1 production.

discussed in Sections 6 and 7, respectively. Finally, the results and their interpretation are reported in67

Section 8 before Section 9 summarises the conclusions.68

2 The ATLAS detector69

The ATLAS experiment [47] is a general-purpose particle detector that surrounds the interaction point70

with nearly 4⇡ solid angle coverage.1 It comprises an inner detector, calorimeter systems, and a muon71

spectrometer (MS). The inner detector provides precision tracking of charged particles in the pseudorapid-72

ity region |⌘ | < 2.5, consisting of pixel and microstrip silicon subsystems within a transition radiation73

tracker. An insertable B-layer [48] was added for
p

s = 13 TeV data-taking to improve tracking per-74

formance. These are immersed in a 2 T axial magnetic field provided by a superconducting solenoid.75

High-granularity lead/liquid-argon electromagnetic sampling calorimeters are used for |⌘ | < 3.2. Had-76

ronic energy deposits are measured in a steel/scintillator tile barrel calorimeter in |⌘ | < 1.7. Forward77

calorimeters extend the coverage to 1.5 < |⌘ | < 4.9 regions for both electromagnetic and hadronic78

measurements. The MS comprises trigger and high-precision tracking chambers spanning |⌘ | < 2.4 and79

|⌘ | < 2.7, respectively, surrounded by three large superconducting toroidal magnets. Events of interest are80

selected using a two-level trigger system [49], consisting of a first-level trigger implemented in hardware,81

which is followed by a software-based high-level trigger.82

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

q
(�⌘)2 + (��)2.
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level. Searches for spin-0 mediators decaying to a pair of DM particles and produced in association with60

heavy-flavour quarks have also been reported [48].61

2 Search strategy62

2.1 Signal models63

The experimental signatures of stop pair production can vary dramatically, depending on the spectrum of64

low-mass SUSY particles. Figure 1 illustrates two typical stop signatures: t̃1 ! t �̃0
1 and t̃1 ! b �̃±1 . Other65

decay and production modes such as t̃1 ! t �̃0
2 and t̃1 ! t �̃0

3, and sbottom direct pair production are also66

considered in the analysis. The analysis attempts to probe a broad range of the possible scenarios, taking67

the approach of defining dedicated search regions to target specific but representative SUSY models.68

The phenomenology of each model is largely driven by the composition of its lightest supersymmetric69

particles, which are considered to be some combination of the electroweakinos. In practice, this means70

that the most important parameters of the SUSY models considered are the masses of the electroweakinos71

and of the colour-charged third generation sparticles.72

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 [49–51], in which the masses of73

all sparticles are set to high values except for the few sparticles involved in the decay chain of interest,74

or models based on the phenomenological MSSM (pMSSM) [52, 53], in which all of the 19 pMSSM75

parameters are set to fixed values, except for two which are scanned. The set of models used are chosen76

to give a broad coverage of the possible stop decay patterns and phenomenology that can be realised in77

the MSSM, in order to provide as much as possible a general statement on the sensitivity of the search for78

direct stop production. Some of the simplified models used are designed with a goal of covering distinct79

phenomenologically di�erent regions of pMSSM parameter space.80

The pMSSM parameters mt R and mq3L specify the t̃R and t̃L masses, with the smaller of the two controlling81

the t̃1 mass. In models where the t̃1 is primarily composed of t̃L, the production of light sbottoms (b̃1)82

with a similar mass is also considered. The mass spectrum of electroweakinos and the gluino is given83
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Figure 1: (a) Diagram for the pair-production of weakly interacting massive particles �, with a mediator ZA with
axial-vector couplings exchanged in the s-channel. (b)(c)(d) Example of diagrams for the pair-production of weakly
interacting massive particles � via a coloured scalar mediator ⌘. (e) A generic diagram for the pair-production of
squarks with the decay mode q̃ ! q + �̃0

1. The presence of a gluon from initial-state radiation resulting in a jet is
indicated for illustration purposes.

of WIMP pairs via u- and t-channel diagrams with direct couplings of dark matter and SM particles or
even s-channel exchange of two mediators, leading to a di↵erent phenomenology. A set of representative
diagrams relevant for a monojet final state are collected in Figures 1(b)–1(d). A model with simplified
assumptions is defined by the following three parameters: m�, a single mediator mass (m⌘), and a flavour-
universal coupling to quarks and WIMPs (gq� ⌘ g). The mediator is also assumed to couple only to the
first two generations of quarks, with minimal decay widths of the form:

�(⌘)min =
g2

16⇡m3
⌘

⇣
m2
⌘ � m2

q � m2
�

⌘ r✓
m2
⌘ �
⇣
mq + m�

⌘2◆ ✓
m2
⌘ �
⇣
mq � m�

⌘2◆
,

where, to ensure that the DM particle is stable and the mediator width is always defined, m2
� + m2

q < m2
⌘

and 4m2
�/m2

⌘ <
⇣
1 � m2

q/m2
⌘ + m2

�/m2
⌘

⌘2
are required.

3

DM
(a) (b)

Figure 1: Diagrams illustrating the signal scenarios considered for the pair production of bottom and top squarks
targeted by the (a) zero-lepton and (b) one-lepton channel selections. In (a) bottom squarks decay to a bottom quark
and the lightest neutralino. In (b), decays via intermediate charginos are kinematically available and compete. If
the mass di↵erence �m(�̃±1 , �̃

0
1) is small, the W bosons from chargino decays are o↵-shell.

inspired by the minimal supersymmetric extension of the SM (MSSM) [15–17], where the b̃1 exclus-
ively decays as b̃1 ! b�̃0

1 or where two decay modes for the bottom (top) squark are allowed and direct
decays to the LSP, b̃1 ! b�̃0

1 (t̃1 ! t�̃0
1) compete with decays via an intermediate chargino (�̃±1 ) state,

b̃1 ! t�̃±1 (t̃1 ! b�̃±1 ). In this case it is assumed that the �̃±1 is the next-to-lightest supersymmetric particle
(NLSP) and is almost degenerate with �̃0

1, such that other decay products are too low in momentum to
be e�ciently reconstructed. The first set of models lead to final-state events from bottom squark pair
production characterized by the presence of two b-jets, Emiss

T and no charged leptons (` = e, µ), referred
to as the zero-lepton channel (Figure 1(a)). For mixed decays (direct or through an intermediate stage),
the final state of bottom or top squark pair production depends on the branching ratios of the competing
decay modes. If the decay modes are equally probable, a large fraction of the signal events are character-
ized by the presence of a top quark, a bottom quark, and neutralinos. Hadronic decays of the top quark
are targeted by the zero-lepton channel, whilst novel dedicated selections requiring one charged lepton,
two b-jets and Emiss

T are developed for semi-leptonic decays of the top quark, referred to as the one-lepton
channel (Figure 1(b)). A statistical combination of the two channels is performed when interpreting the
results in terms of exclusion limits on the third-generation squark masses.

Previous searches for the exclusive decay b̃1 ! b�̃0
1 with the

p
s = 13 TeV LHC Run-2 dataset at

ATLAS and CMS have set exclusion limits at 95% confidence level (CL) on b̃1 masses in such scenarios
[18,19]. Searches in the context of mixed-decay models were performed only by ATLAS using the Run-1p

s = 8 TeV dataset and resulted in exclusion limits on the third-generation squark mass that depend on
the branching ratios of the competing decay modes [20].

3

sbottom
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Summary
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• We have searched for the SUSY particles for wide theoretical parameter 
regions, but they have not yet been discovered. 

• To achieve the discovery of the SUSY particles, 
‣ The data driven method to extract number of the dominant background 
such as Z+jets event can provide accurate analyses. 

‣ Reconstruction techniques have been improved and  
wider momentum region of the leptons and jets is covered. 

‣ With the analyses for the high-pT b-tagging,  
sbottom searches can be covered until high mass region. 

‣ With the analyses for the SUSY+ISR event topology,  
SUSY with compressed mass spectra can be searched for.

We will keep developing new “reconstruction techniques” 
to discover the SUSY particles!
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Search for sbottom/stop pair production in 
events with (high-pT) b-tagged jets and E
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miss
T

References:  
• Search for SUSY at13 TeV, arXiv:1708.09266v1 [link] 
• Search for SUSY at 8 TeV, arXiv:1308.2631v1 [link] 
• Internal Note: ATL-COM-PHYS-2016-1697 [link for only ATLAS collaboration] 
• Cotransverse mass, arXiv:0802.2879v3 [link]

https://arxiv.org/abs/1708.09266
https://arxiv.org/abs/1308.2631v1
https://cds.cern.ch/record/2234855
https://arxiv.org/abs/0802.2879v3
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Discriminating variables for high pT b-tagging
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• Cotransverse mass (mCT) is used to measure the mass of pair-
produced semi-invisibly decaying heavy particles. 

• Two visible particles are b-quarks (v1, v2), and two invisible particles are  
     (X1, X2),  mCT can be defined as:  
 
 
(         is the kinematic endpoint, “i” is initially pair-produced particle.) 
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•      is the pT asymmetry of the leading two jets:  

• This variable can discriminate different topologies with two more jets. 
‣ signal-like: high-ISR + low-2nd jets →     tend to be close to one. 
‣ bkg-like: all jets are comparable →     tend to be close to zero.

A =
pT(j1)� pT(j2)

pT(j1) + pT(j2)
.

A

A
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Studies of re-clustered large-R jets
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JES Uncertainty [1407.2922]
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Figure 12: The jet energy (above) and mass (below) scale uncertainties as a function of pT for reclustered jets and
conventional large-R jets from W

0 ! W Z (left) and Z

0 ! tt̄ (right) events. A requirement that the mass of the
large-R jet be > 50 (130) GeV is applied to the plots on the left (right). The reclustered JES uncertainty is removed
from the JMS uncertainty for reclustered jets (there is a residual small-radius JES that does still contribute to the
JMS).
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Comparison of JES Unc. 
(ATLAS-CONF-2017-062)

• The reclustered large-R jets have smaller jet-energy-scale (JES) 
uncertainty (~ 1%). 

https://arxiv.org/abs/1407.2922
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Compare W boson masses
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Studies of the lepton reconstruction efficiencies
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Electron efficiency [ATLAS-CONF-2016-024]
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• Efficiency is higher than 75% except for the regions with calorimeter gaps. 
‣ The lower efficiencies in data than MC arise from the transition radiation tracker 
condition and mis-modeling of calorimeter shower shapes in detector simulation. 

‣ The plots are showing the Z → ee efficiencies in data and MC.

https://cds.cern.ch/record/2157687/files/ATLAS-CONF-2016-024.pdf
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Muon efficiency [arXiv:1603.05598]
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• A reconstruction efficiency in different η regions is measured in seven pT bins  
(pT = 4-5, 5-6, 7-8, 8-10,10-12, and 12-15 GeV)  

https://arxiv.org/abs/1603.05598
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Lepton efficiencies
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A.3 Lepton E�ciencies895
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Figure 23: Signal lepton e�ciencies for electrons and muons, averaged over all Higgsino and slepton samples.
E�ciencies are shown for leptons within detector acceptance, and with lepton pT within a factor of 3 of �m( ˜̀, H�0

1)
for slepton samples, or within a factor of 3 of �m(H�0

2, H�0
1)/2 for Higgsino samples. Uncertainty bands represent the

range of e�ciencies observed across all signal samples for the given pT bin. The ⌘-dependence is consistent with
values reported in Ref. [105] for electrons and Ref. [106] for muons.
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• Lepton efficiencies studied by using the MCs are estimated for the 
higgsino and slepton searches. 

• Uncertainty band represent the range of efficiencies observed 
across all signal samples for the given pT bin. 

• The η-dependence is also applied and it is consistent with values of 
electron and muon estimated in 2015.


