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    BDT-1=13 TeV, 139 fbs                  ATLAS Preliminary

Search for squarks and gluinos in final states with
jets and missing transverse momentum at 𝑠 =
13 𝑇𝑒𝑉 using 139 fb-1 data with the ATLAS detector

Kenta Uno (The University of Tokyo), for the ATLAS collaboration 
Reference: ATLAS-CONF-2019-040

Introduction
Squarks and gluinos are one of the primary targets as their pair production may have a 
large cross section. The poster presents recent ATLAS results from searches for 
squarks and gluinos with jets and missing transverse momentum using 139 fb-1 data.

SUSY signal scenario

Analysis strategy
Two approaches are newly introduced
1. Multi-bin approach
• Categorized in different bins
• Each bin is kept orthogonal to all the others.

• 60 Multi-bin signal regions in total

Result
The yield of 139 fb-1 data and the predicted 
SM background is shown.
• No excess over the expected yields

Interpretation 95 % CLs exclusion limits are computed.

(𝑞 → 𝑞𝑊 (𝜒-.(𝑞 → 𝑞 (𝜒-. (𝑔 → 𝑞𝑞𝑊 (𝜒-.

DRAFT

�̃0
2 masses of 600 GeV. Interpretation of ICHEP 2016 analysis to squark-pair production with decays via383

an intermediate �̃±1 to a quark, a W boson and a �̃0
1 is also done as in Figure 6.384

Figure 1: The decay topologies of squark-pair production (left) and gluino-pair production (right), in the simplified
models with direct decays of squarks and direct decays of gluinos used in this note.

Figure 2: The decay topologies of squark-pair production (left) and gluino-pair production (right), in the simplified
models with one-step decays of squarks and one-step decays of gluinos used in this note.

Figure 3: The decay topologies of gluino-pair production in the simplified model of Z in final state.

Another set of SUSY signal also considered for interpretation is a simplified model with pair-produced385

gluino/squarks decaying to W/Z/h bosons with one-step decay via �̃0
2/ �̃

±
1 (see Figure 8). The masses386

of �̃0
2 and �̃±1 are assumed to be equal and the mass of the �̃0

1 is fixed to 60 GeV. The minimum mass387

splitting �m = m�̃0
2 or�̃±1

� m�̃0
1

is set to be never less than 130 GeV. This ensures that �̃0
2 always decays388

through an on-shell Higgs and thus the branching ratios to W/Z/h bosons can be consistent throughout389

the whole signal grid. For gluino, BR of g̃ ! qq̄
0 �̃±1 and g̃ ! qq̄ �̃0

2 decays are 50%, respectively. For390

squarks, BR of q̃ ! q
0 �̃±1 and q̃ ! q �̃0

2 decays are 50%, respectively. �̃±1 decays to a W boson and a �̃0
1391
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• Only 1st and 2nd generation
• Require 0-lepton
• Large meff and E12344 + 2-6 jets

• meff = HT + E12344

• HT : Scalar of pT sum of all jets
Direct decay One-step decay

2. BDT approach
• Consider variable correlations
• Prepared 8 BDT scores based on specific Δm( (𝑔, (𝜒-.)
• Input variables: 1st ‒ 4th Jet(PT, 𝜂), E12344, meff, Aplanarity

• 10 ‒12 variables in total

ATLAS DRAFT

the benchmark signal model are then used for the final definition of the signal regions. The resulting signal308

region definitions are shown in Table 7.309

BDT-GGd1 BDT-GGd2 BDT-GGd3 BDT-GGd4
Nj(pT>50GeV) � 4
��( j1,2,(3),Emiss

T ) min � 0.4
��( ji>3,Emiss

T ) min � 0.4
Emiss

T /me�(Nj) � 0.2
me� [GeV] � 1400 � 800
BDT score � 0.97 � 0.94 � 0.94 � 0.87
�m(g̃, �̃0

1 ) [GeV] 1600 – 1900 1000 – 1400 600 – 1000 200 – 600

BDT-GGo1 BDT-GGo2 BDT-GGo3 BDT-GGo4
Nj(pT>50GeV) � 6 � 5
��( j1,2,(3),Emiss

T ) min � 0.4 � 0.2
��( ji>3,Emiss

T ) min � 0.4 � 0.2
Emiss

T /me�(Nj) � 0.2
me� [GeV] � 1400 � 800
BDT score � 0.96 � 0.87 � 0.92 � 0.84
�m(g̃, �̃0

1 ) [GeV] 1400 – 2000 1200 – 1400 600 – 1000 200 – 400

Table 7: Signal region selections for the BDT search with the benchmark signal model parameters (�m(g̃, �̃0
1 )) used

in the optimisation, for (top) direct and (bottom) one-step gluino decays, respectively.

5.3 Model independent selections310

In addition to the multi-bin and BDT searches described above, several signal regions, optimized to311

maximise the sensitivity to SUSY models resulting with various jet multiplicities in the final state, using312

the single-bin approach as in Ref. [11], are also designed in order to compute the statistical significance in313

a model-independent way. After applying common preselection criteria from Table 2, ten inclusive SRs314

characterized by increasing minimum jet multiplicity from two to six, are defined as in Tables 8 and 9.315

Some of them require the same jet-multiplicity, but are distinguished by requiring higher me� values.316

SR2j-1600 SR2j-2200 SR2j-2800 SR4j-1000 SR4j-2200 SR4j-3400
Njmin(pT>50GeV) � 2 � 4
pT( j1) [GeV] > 250 > 600 > 250 > 200
pT( ji=2,...,Njmin

) [GeV] > 250 > 50 > 250 > 100
|⌘( ji=1,...,Njmin

)| < 2.0 < 2.8 < 1.2 < 2.0
��( j1,2,(3),Emiss

T ) min > 0.8 > 0.4 > 0.8 > 0.4
��( ji>3,Emiss

T ) min > 0.4 > 0.2 > 0.4 > 0.4
Aplanarity - > 0.04
Emiss

T /
p

HT[
p

GeV] > 16 > 10
me�[GeV] > 1600 > 2200 > 2800 > 1000 > 2200 > 3400

Table 8: Selection criteria used for model-independent search regions with jet multiplicities up to four.
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Background estimation

ATLAS DRAFT

is required to be Emiss
T /

p
HT > 10 GeV1/2 and me� > 1000 GeV in all signal regions except in MB-C,261

where the tighter, me� > 1600 GeV requirement is applied. Summary of preselection criteria used for the262

multi-bin search is given in Table 3.263

MB-SSd MB-GGd MB-C
Nj(pT>50GeV) � 2 � 4 � 2
pT( j1) [GeV] > 200 > 200 > 600
pT( ji=2,...,Njmin

) [GeV] > 100 > 100 > 50
|⌘( ji=1,...,Njmin

)| < 2.0 < 2.0 < 2.8
��( j1,2,(3),Emiss

T ) min > 0.8 > 0.4 > 0.4
��( ji>3,Emiss

T ) min > 0.4 > 0.4 > 0.2
Aplanarity - > 0.04 -
Emiss

T /
p

HT [GeV1/2] > 10 > 10 > 10
me�[GeV] > 1000 > 1000 > 1600

Table 3: Summary of preselection criteria used for the multi-bin search.

The final MB-SSd signal regions are then selected in two bins in jet multiplicity: [2, 3] and [4, 1), up to six264

bins in me�[GeV]: [1000, 1600), [1600, 2200), [2200, 2800), [2800, 3400), [3400, 4000) and [4000, 1),265

and up to four bins in Emiss
T /

p
HT [GeV1/2]: [10, 16), [16, 22), [22, 28) and [28, 1). For the jet multiplicity266

bin [2, 3], the transverse momentum of the two leading jets is required to be pT > 250 GeV. In order267

to reduce the total number of signal regions without significant loss of the search power, some bins are268

merged as indicated in Table 4. This results in 24 signal regions targeting squark-pair production.269

Since the preselection already requires at least four high-pT jets, the final MB-GGd signal regions are270

defined by the six bins in me�[GeV]: [1000, 1600), [1600, 2200), [2200, 2800), [2800, 3400), [3400, 4000)271

and [4000, 1), and three bins in Emiss
T /

p
HT [GeV1/2]: [10, 16), [16, 22) and [22, 1), resulting in 18 signal272

regions targeting gluino-pair production, as shown in Table 5.273

The final MB-C signal regions are selected in three bins in jet multiplicity: [2, 3], 4 and [5, 1), three bins274

in me�[GeV]: [1600, 2200), [2200, 2800) and [2800, 1), and two bins in Emiss
T /

p
HT [GeV1/2]: [16, 22)275

and [22, 1), resulting in 18 signal regions targeting scenarios with the compressed mass spectra, as shown276

in Table 6.277

Nj(pT>50GeV)=[2, 3] me�[TeV]
[1.0, 1.6) [1.6, 2.2) [2.2, 2.8) [2.8, 3.4) [3.4, 4.0) [4000, 1)

Emiss
T /

p
HT [GeV1/2]

[10, 16)
[16, 22)
[22, 28)
[28, 1)

Nj(pT>50GeV)=[4, 1) me�[TeV]
[1.0, 1.6) [1.6, 2.2) [2.2, 2.8) [2.8, 1)

Emiss
T /

p
HT [GeV1/2]

[10, 16)
[16, 22)
[22, 1)

Table 4: Summary of the bin boundaries for the MB-SSd signal regions.
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• V + Jets (main background!)
• 𝑡 ̅𝑡, single 𝑡, diboson and Multi-jets
Prepare 4 CRs for each SR
• Normalize MC by using data in CRs

• N9:
;<=> = N9:?@ ∗ [ N@:>CDC/N@:?@]

ATLAS DRAFT

This latter requirement is addressed through the use of CR jet pT thresholds and me� selections which345

match those used in the SR. In some cases, in order to increase the number of CR data events without346

significantly increasing the theoretical uncertainties associated with the background estimation procedure,347

some SR selection requirements are omitted or loosened, as indicated in the text below. The CR definitions348

are listed in Table 10.349

CR SR background CR process CR selection

MB/BDT-CR� Z(! ⌫⌫̄)+jets �+jets Isolated photon
MB/BDT-CRQ Multi-jet Multi-jet reversed requirements on (i) ��(j,Emiss

T )
and (ii) Emiss

T /me�(Nj) or Emiss
T /pHT

MB/BDT-CRW W(! `⌫)+jets W(! `⌫)+jets 30 GeV< mT(`, Emiss
T ) < 100 GeV, b-veto

MB/BDT-CRT tt̄(+EW) and single top tt̄ ! bb̄qq0`⌫ 30 GeV< mT(`, Emiss
T ) < 100 GeV, b-tag

Table 10: Control regions used in the analysis. Also listed are the main targeted background in the SR in each case,
the process used to model the background, and the main CR requirement(s) used to select this process. The jet pT
thresholds and me� selections match those used in the corresponding SRs.

The �+jets region in both searches (labeled as MB/BDT-CR� Table 10) is used to estimate the contribution350

of Z(! ⌫⌫̄)+jets background events to each SR by selecting a sample of �+jets events with pT(�) > 150GeV351

and then treating the reconstructed photon as contributing to Emiss
T . For pT(�) significantly larger than mZ352

the kinematic properties of such events strongly resemble those of Z+jets events [79]. In order to correct353

the di�erence in the Z+jets and �+jets ratio between data and MC, a correction factor is applied to the354

CR� events. This correction factor, calculated separately for regions with up to three and at least four jets,355

 = 0.77 ± 0.04 and  = 0.85 ± 0.05 respectively, is determined by comparing CR� observations with356

those in the regions defined by selecting events with two electrons or muons for which the invariant mass357

lies within 25 GeV of the mass of the Z boson, satisfying Emiss
T /

p
HT >10 GeV1/2 and me� > 1000 GeV,358

that correspond to kinematically lowest bins of the multi-bin analysis MB-SSd with Nj=[2, 3] and Nj=[4,359

1]. The uncertainty presented for these correction factors is statistical only. In both searches described360

in this document, CRY selections omit the SR requirement on the aplanarity variable. Additionally, for361

BDT-GGo1 and BDT-GGo2 SRs, the ��( j, Emiss
T ) min, and Emiss

T /me�(Nj) selections are removed for the362

corresponding CR selections.363

The W and top regions in both searches (labeled as MB/BDT-CRW and MB/BDT-CRT in Table 10) aim to364

select samples rich in W(! `⌫)+jets and semileptonic tt̄ background events, respectively. They use events365

with one high-purity lepton and di�er in their number of b-jets (zero or � 1, respectively). In both searches,366

the requirement on the transverse mass mT computed with the Emiss
T and the selected lepton is applied, as367

indicated in Table 10. In order to increase statistics in these regions, events are selected using a trigger368

based on a missing transverse momentum as described in Section 2. This approach allows using leptons369

with transverse momenta down to 6 GeV for muons and 7 GeV for electrons, which brings CRs closer to370

the SR phase-space. The selected lepton is treated as a jet with the same momentum to model background371

events in which a hadronically decaying ⌧-lepton is produced. The CRW and CRT selections omit the SR372

selection requirements on ��(j,Emiss
T ), in both seaches. For the multi-bin search, only the requirement on373

the Emiss
T /

p
HT as indicated in Table 3 is used, in order to increase the number of CR data events without374

significantly increasing the theoretical uncertainties associated with the background estimation procedure.375

This way, multi-bin regions selected with the same me� and Nj binning but di�erent in Emiss
T /

p
HT binning,376

share the same control region.377
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VR: Check the extrapolation from CRs to SR.

A good agreement with data!

Good improvement from previous publication

In addition to them, 10 single-bin  discovery are defined
• The purpose is to provide model independent upper limits 
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ATLAS DRAFT

(a) (b) (c) (d)

q̃

g̃
p

p
�̃0
1

q

�̃0
1

q

q

(e)

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

Physics process Generator Cross-section PDF set Parton shower Tune
normalization

W (! `⌫) + jets S����� 2.2.1 [46] NNLO [47] NNPDF3.0NNLO [48] S����� [49] S�����
Z/�⇤(! ` ¯̀) + jets S����� 2.2.1 NNLO NNPDF3.0NNLO S����� S�����
� + jets S����� 2.2.2 NLO A14 [50] S����� S�����
t t̄ P�����-B�� v2 [51] NNLO+NNLL [52, 53] A14 P����� 8.230 [33] A14
Single top (Wt-channel) P�����-B�� v2 NNLO+NNLL [54, 55]. A14 P����� 8.230 A14
Single top (s-channel) P�����-B�� v2 NLO [56, 57] A14 P����� 8.230 A14
Single top (t-channel) P�����-B�� v1 NLO A14 P����� 8.230 A14
t t̄ +W/Z/H MG5_aMC@NLO 2.2.3 [32] NLO [58, 59] NNPDF2.3LO [36] P����� 8.210 A14
t t̄ +WW MG5_aMC@NLO 2.2.2 NLO NNPDF2.3LO P����� 8.210 A14
WW , WZ , ZZ, W�, Z� S����� 2.2.1 NLO NNPDF3.0NNLO S����� S�����

Table 1: The SM background MC simulation samples used in this paper. The generators, the order in ↵s of
cross-section calculations used for yield normalization, PDF sets, parton showers and tunes used for the underlying
event are shown.

based on a parameterization of the performance of the ATLAS electromagnetic and hadronic calorimeters141

and on G����4 elsewhere. The EvtGen v1.2.0 program [62] was used to describe the properties of the142

b- and c-hadron decays in the signal samples, and the background samples except those produced with143

S����� [46].144

All simulated events were overlaid with multiple pp collisions simulated with P����� 8.186 using the A3145

tune [35] and the NNPDF2.3LO parton distribution functions [36]. The MC samples were generated with146

a variable number of additional pp interactions (pileup), and were reweighted to match the distribution of147

the mean number of interactions observed in data in 2015–2018.148
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