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SUSY 0-lepton Analysis

• Strong SUSY production with focus on signature with 

•          from LSP (lightest supersymmetric particle) 

• Jets  

• No leptons 

• ATLAS Note presented at Moriond 2017 (ATLAS-CONF-2017-022) with 36.1fb-1 

• 8 signal regions for direct squark decay 

• 7 signal regions for direct gluino decay 

• Optimised for different mass regions 
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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.

prescription [55]. In the case of W/Z+jets, the NNPDF3.0NNLO PDF set [56] is used, while for the
�+jets production the CT10 PDF set [57] is used, both in conjunction with dedicated parton shower-
tuning developed by the authors of Sherpa. The W/Z + jets events are normalized to their NNLO cross-
sections [58]. For the �+jets process the LO cross-section, taken directly from the SherpaMC generator,
is multiplied by a correction factor as described in Section 8.

For the generation of tt̄ and single-top processes in the Wt and s-channel [59], the Powheg-Box v2 [60]
generator is used with the CT10 PDF set. The electroweak (EV) t-channel single-top events are modelled
using the Powheg-Box v1 generator. This generator uses the four-flavour scheme for the NLO matrix-
element calculations together with the fixed four-flavour PDF set CT10f4 [57]. For these processes, the
decay of the top quark is simulated using MadSpin [61] preserving all spin correlations, while for all
processes the parton shower, fragmentation, and the underlying event are generated using Pythia 6.428
[62] with the CTEQ6L1 [63] PDF set and the corresponding Perugia 2012 tune (P2012) [64]. The top
quark mass is set to 172.5 GeV. The hdamp parameter, which controls the pT of the first additional emission
beyond the Born configuration, is set to the mass of the top quark. The main e↵ect of this parameter is
to regulate the high-pT emission against which the tt̄ system recoils [59]. The tt̄ events are normalized to
cross-sections calculated at NNLO+NNLL [65, 66] cross-section. The s- and t-channel single-top events
are normalized to the NLO cross-sections [67, 68], and the Wt-channel single-top events are normalized
to the NNLO+NNLL [69, 70]. Production of a top quark in association with a Z boson is generated
with the MG5_aMC@NLO 2.2.1 generator at LO with CTEQ6L1 PDF set. The same PDF set and the
corresponding P2012 tune is used for the parton shower, fragmentation, and the underlying event with
Pythia 6.428. The events are normalized to LO cross section by the generator.

For the generation of tt̄ + EW processes (tt̄+W/Z/WW) [71], the MG5_aMC@NLO 2.2.3 generator at LO
interfaced to the Pythia 8.186 parton-shower model is used, with up to two (tt̄+W, tt̄+Z(! ⌫⌫/qq)), one
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SUSY 0-lepton Analysis

• Important variables which are used in current analysis ATLAS-CONF-2017-022: 

• Missing transverse energy           or MET 

• Effective mass 

•                                                 , PT(jet), |𝜂|(jet), Aplanarity Ap 

•   

• Only Cut & Count analyses were implemented so far 

• Signal Regions (SR) defined depending on number of jets                                          
and meff(incl) cut 
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Current Status SUSY 0-lepton analysis

What could be the improvement by using BDT or multi-bin analyses?
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Tables 5 and 6.

The model-dependent fits in all the SRs are then used to set limits on specific classes of SUSY mod-
els. The two searches presented in this document are combined such that the final combined observed
and expected 95% CL exclusion limits are obtained from the signal regions with the best expected CLs
value.

In Figure 13, limits are shown for two classes of simplified models in which only direct production
of light-flavour mass-degenerate squark or gluino pairs are considered. Limits are obtained by using
the signal region with the best expected sensitivity at each point. In these simplified model scenarios,
the upper limit of the excluded light-flavour squark mass region is 1.58 TeV assuming massless �̃0

1, as
obtained from the signal region RJR-S4. The corresponding limit on the gluino mass is 2.03 TeV, if
the �̃0

1 is massless, as obtained from the signal region Me↵-4j-3000. The best sensitivity in the region
of parameter space where the mass di↵erence between the squark (gluino) and the lightest neutralino is
small, is obtained from the dedicated RJR-C signal regions. In these regions with very compressed spectra
and where mass di↵erence < 50 GeV, squark (gluino) masses up to 650 GeV (1 TeV) are excluded.
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Figure 13: Exclusion limits for direct production of (a) light-flavour squark pairs with decoupled gluinos and (b)
gluino pairs with decoupled squarks. Gluinos (light-flavour squarks) are required to decay to two quarks (one quark)
and a neutralino LSP. Exclusion limits are obtained by using the signal region with the best expected sensitivity at
each point. Expected limits from the Me↵- and RJR-based searches separately are also shown for comparison. The
blue dashed lines show the expected limits at 95% CL, with the light (yellow) bands indicating the 1� excursions
due to experimental and background-only theoretical uncertainties. Observed limits are indicated by medium dark
(maroon) curves where the solid contour represents the nominal limit, and the dotted lines are obtained by varying
the signal cross-section by the renormalization and factorization scale and PDF uncertainties. Results are compared
with the observed limits obtained by the previous ATLAS searches with no leptons, jets and missing transverse
momentum [11].

In Figure 14, limits are shown for pair-produced light-flavour squarks or gluinos each decaying via an
intermediate �̃±1 to a quark (for squarks) or two quarks (for gluinos), a W boson and a �̃0

1. Two sets of
models of mass spectra are considered for each production. One is with a fixed m�̃±1 = (mq̃ + m�̃0

1
)/2 (or

(mg̃ +m�̃0
1
)/2), the other is with a fixed m�̃0

1
= 60 GeV. In the former models with squark-pair production,

mq̃ up to 1.15 TeV are excluded for a massless �̃0
1, and mg̃ up to 2.01 TeV with gluino-pair production.

These limits are obtained from the signal region RJR-G2b and Me↵-6j-2600, respectively. In the regions
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General Idea

• Using BDT and multi-bin analysis to optimise significance in different signal regions (SR) 

• Multi-bin: slicing data sample into different orthogonal bins  

• Retrieving new cut definitions from machine learning techniques 

• Comparison with reoptimised Cut & Count 

• Signal: Squark and Gluino production with direct decays to neutralinos 

• Background: W, Z, Top, Diboson, QCD negligible  

• Working with luminosity of 100 fb-1 for squarks & 120fb-1 for gluinos (~end of Run 2)
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prescription [55]. In the case of W/Z+jets, the NNPDF3.0NNLO PDF set [56] is used, while for the
�+jets production the CT10 PDF set [57] is used, both in conjunction with dedicated parton shower-
tuning developed by the authors of Sherpa. The W/Z + jets events are normalized to their NNLO cross-
sections [58]. For the �+jets process the LO cross-section, taken directly from the SherpaMC generator,
is multiplied by a correction factor as described in Section 8.
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element calculations together with the fixed four-flavour PDF set CT10f4 [57]. For these processes, the
decay of the top quark is simulated using MadSpin [61] preserving all spin correlations, while for all
processes the parton shower, fragmentation, and the underlying event are generated using Pythia 6.428
[62] with the CTEQ6L1 [63] PDF set and the corresponding Perugia 2012 tune (P2012) [64]. The top
quark mass is set to 172.5 GeV. The hdamp parameter, which controls the pT of the first additional emission
beyond the Born configuration, is set to the mass of the top quark. The main e↵ect of this parameter is
to regulate the high-pT emission against which the tt̄ system recoils [59]. The tt̄ events are normalized to
cross-sections calculated at NNLO+NNLL [65, 66] cross-section. The s- and t-channel single-top events
are normalized to the NLO cross-sections [67, 68], and the Wt-channel single-top events are normalized
to the NNLO+NNLL [69, 70]. Production of a top quark in association with a Z boson is generated
with the MG5_aMC@NLO 2.2.1 generator at LO with CTEQ6L1 PDF set. The same PDF set and the
corresponding P2012 tune is used for the parton shower, fragmentation, and the underlying event with
Pythia 6.428. The events are normalized to LO cross section by the generator.

For the generation of tt̄ + EW processes (tt̄+W/Z/WW) [71], the MG5_aMC@NLO 2.2.3 generator at LO
interfaced to the Pythia 8.186 parton-shower model is used, with up to two (tt̄+W, tt̄+Z(! ⌫⌫/qq)), one
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Working Point and Significance

• Scanning whole range of BDT scores and choose point with highest significance 

• Significance calculated with  

• RooStats.NumberCountingUtils.BinomialExpZ()-function 

• Uncertainty calculated depending on number of background events (function from 
SUSY 0-lepton discovery prospects analysis)

6

DRAFT

7.4. The signal region optimisation procedure632

Several signal regions are defined by applying selection criteria based on several discriminating variables,633

in addition to the preselection cuts. To ensure that no contribution from multijet background is present in634

signal regions, the minimum angle in the transverse plane between selected jets and E
miss
T is required to be635

at least larger than 0.4, and the value of E
miss
T /me� (Nj) (resp. E

miss
T /
p

HT ) is required to be at least larger636

than 0.15 (resp. 14) Squark-pair production with squark decaying as q̃ ! q �̃
0
1 and gluino-pair production637

with gluino decaying as g̃ ! qq �̃
0
1 or g̃ ! qqW �̃

0
1 have been investigated separately using the samples638

defined in Section 3.639

An optimal set of cuts based on several discriminating variables described above is chosen by optimising640

the value of the signal discovery significance for a signal mass hypothesis which is chosen to be of the641

sample providing the value close to a 3 � significance.642

Two complementary methods were used for significance calculation:643

1. Significance computed with RooStats.NumberCountingUtils.BinominalExpP 6 to find the644

best descriminating variables and the range of cuts values. Since the systematic uncertainties645

depends on the number of background events, the size of the systematics uncertainties was estimated646

from a fit of the uncertainties from the 2015 analyses with the following function (see Figure 33):647

f (N ) =
a

Nb
+ c (5)

where N is the number of SM background events in the signal region. Fitted parameter values are:648

a = 0.40, b = 0.53, c = 0.077 (6)
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Figure 33: Systematic uncertainty of the 2015 analyses as a function of the predicted number of background events.

2. Significance computed with HistFitter including CRs and all uncertainties for the final event selection649

determination. The observed events in CRs are assumed to be the same as MC expectation. This650

method is the most accurate but much slower.651

6 This function requires as inputs the observed number of events (equals to SUSY signal plus SM background), the expected
SM background events, and the uncertainty on these SM background expectation. In addition, the optimisation using this
significance formulae is equivalent to the optimisation using p0 values.
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Direct Squark Production 
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[62] with the CTEQ6L1 [63] PDF set and the corresponding Perugia 2012 tune (P2012) [64]. The top
quark mass is set to 172.5 GeV. The hdamp parameter, which controls the pT of the first additional emission
beyond the Born configuration, is set to the mass of the top quark. The main e↵ect of this parameter is
to regulate the high-pT emission against which the tt̄ system recoils [59]. The tt̄ events are normalized to
cross-sections calculated at NNLO+NNLL [65, 66] cross-section. The s- and t-channel single-top events
are normalized to the NLO cross-sections [67, 68], and the Wt-channel single-top events are normalized
to the NNLO+NNLL [69, 70]. Production of a top quark in association with a Z boson is generated
with the MG5_aMC@NLO 2.2.1 generator at LO with CTEQ6L1 PDF set. The same PDF set and the
corresponding P2012 tune is used for the parton shower, fragmentation, and the underlying event with
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interfaced to the Pythia 8.186 parton-shower model is used, with up to two (tt̄+W, tt̄+Z(! ⌫⌫/qq)), one
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Finding Variable Combination

8By adding variables ➪significance improves

• Samples splitted into training and 
testing samples for BDT 
(EventNumber) 

• Cuts for non trained variables are 
set to default from current analysis 
(here SR with 2j and meff(incl) cut of 
1600 GeV) 

• Significance  

• Default analysis: 2.11 

• Reoptimised Cut & Count: 2.61
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Finding Variable Combination

8By adding variables ➪significance improves

• Samples splitted into training and 
testing samples for BDT 
(EventNumber) 

• Cuts for non trained variables are 
set to default from current analysis 
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• Significance  

• Default analysis: 2.11 

• Reoptimised Cut & Count: 2.61
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• ISR & FSR increase number of jets →”different physics”  

• Mostly gluon jets and softer 

• Division of training in different Njet slices → improvement of ~50% 9
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Contour Plots - Direct Squark Production
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Trained point
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Cut & Count - nJet separated

• BDT shows better 
results than Cut & 
Count 

• Improvement with 
nJet separation 

• Combination of both 
BDT and Njet separation 
gives best result 

• Using more variables for 
multi-bin analysis can 
improve results



Cut & Count Multi-Bin Analysis 

• nJet separation improved results 

➡ Adding more variables might provide further improvements 

• Additional binning in meff(incl) and metSig 

• Cut & Count training of remaining 
variables for each possible bin  
combination 

• Looking for technique to reduce 
number of bins 
• Currently up to 144 bins (4x6x6)

11

NJet meff(incl) [GeV] metSig

1 ==2 1200 - 1600 12 - 16

2 ==3 1600 - 2000 16 - 20

3 ==4 2000 - 2400 20 - 24

4 ≥5 2400 - 2800 24 - 28

5 2800 - 3200 28 - 32

6 ≥3200 ≥32
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Cut & Count Multi-Bin Analysis
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144 bins
24 bins
4 bins

combination of best 
significance (oring)

• Adding meff(incl) binning 
yields to significant 
improvement 

• Additional metSig bins 
improve the low Δm 
regions but shows 
decrease in high Δm 

• Finding compromise 
between complexity 
and gain                      
➩ Multi-bin with nJet &                     
meff(incl) bins



Summary Plot - Direct Squark Production
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• BDT results similar to 
multi-bin with Njet & 
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• Main increase due to 
binning into different 
variables



Direct Gluino Production 
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(a) (b) (c)

(d) (e) (f) (g)

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.

prescription [55]. In the case of W/Z+jets, the NNPDF3.0NNLO PDF set [56] is used, while for the
�+jets production the CT10 PDF set [57] is used, both in conjunction with dedicated parton shower-
tuning developed by the authors of Sherpa. The W/Z + jets events are normalized to their NNLO cross-
sections [58]. For the �+jets process the LO cross-section, taken directly from the SherpaMC generator,
is multiplied by a correction factor as described in Section 8.

For the generation of tt̄ and single-top processes in the Wt and s-channel [59], the Powheg-Box v2 [60]
generator is used with the CT10 PDF set. The electroweak (EV) t-channel single-top events are modelled
using the Powheg-Box v1 generator. This generator uses the four-flavour scheme for the NLO matrix-
element calculations together with the fixed four-flavour PDF set CT10f4 [57]. For these processes, the
decay of the top quark is simulated using MadSpin [61] preserving all spin correlations, while for all
processes the parton shower, fragmentation, and the underlying event are generated using Pythia 6.428
[62] with the CTEQ6L1 [63] PDF set and the corresponding Perugia 2012 tune (P2012) [64]. The top
quark mass is set to 172.5 GeV. The hdamp parameter, which controls the pT of the first additional emission
beyond the Born configuration, is set to the mass of the top quark. The main e↵ect of this parameter is
to regulate the high-pT emission against which the tt̄ system recoils [59]. The tt̄ events are normalized to
cross-sections calculated at NNLO+NNLL [65, 66] cross-section. The s- and t-channel single-top events
are normalized to the NLO cross-sections [67, 68], and the Wt-channel single-top events are normalized
to the NNLO+NNLL [69, 70]. Production of a top quark in association with a Z boson is generated
with the MG5_aMC@NLO 2.2.1 generator at LO with CTEQ6L1 PDF set. The same PDF set and the
corresponding P2012 tune is used for the parton shower, fragmentation, and the underlying event with
Pythia 6.428. The events are normalized to LO cross section by the generator.

For the generation of tt̄ + EW processes (tt̄+W/Z/WW) [71], the MG5_aMC@NLO 2.2.3 generator at LO
interfaced to the Pythia 8.186 parton-shower model is used, with up to two (tt̄+W, tt̄+Z(! ⌫⌫/qq)), one

5
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Direct Gluino Production 
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• Switched to 120 fb-1 

• Using Signal Regions with similar 
kinematics instead of single points 

• Almost no gain with Njet separation 

• 13 Input variables 

• Can we reduce number of input 
variables without loosing much 
sensitivity?

BDT1

BDT2

BDT3BDT4

BDT5

Input Variables BDT1-4

Njet, me↵(incl), E

miss
T /me↵(incl), ��(jetI>3, ~E

miss
T )min,

Ap, 1st � 4thjetPt, 1st � 4thjet⌘
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BDT Variable Study - for SR BDT2
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No met/meff(Nj) cut Almost no gain with dPhiR

Gain with AplanaritySmall gain with EtaR



BDT Variable Study - for SR BDT2
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Best results vs simplicity: 
meff(incl), MET, jetPt(1-4), Ap
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BDT2 + Ntrk
Cut and Count - Ntrk
BDT2 original
BDT2 original + Ntrk

• New simplified variable 
combination slightly worse 
but simpler 

• Significant improvement 
with Ntrk variable  

• Gluon jets have more 
tracks than quark jets 
• background: gluon 

dominated  
• signal: quark 

dominated 

• Further approach:   trying to 
understand the gain and 
translate into new cut 
definitions



Summary 
• Squark Study 

• BDT shows improvement with respect to Cut & Count 

• Regions with higher LSP (neutralino) masses show greater improvement than with 
high squark masses  

• Multibin analysis with more variables (meff(incl), metSig) shows large improvement 
better than BDT 

• Taking complexity of analysis into account, multi-bin analysis with NJet and 
meff(incl) seems to be best 

• Gluino Study 

• Using new signal region definition (more statistics for training and better results) 

• Considering gain vs. simplicity in BDT2 SR: meff(incl), met, jetPt (1-4), Ap as input for 
BDT 

• Ntrk variable improves results significantly (gain of ~75 GeV in         ) 

• Further approach: Trying to extract new cuts from BDT or maybe also neural networks
18



Backup
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SUSY 0-lepton Analysis - Variables

• Missing transverse energy           or MET 

• Effective mass 

•                                                

•  jetPt 

•  jetEta,                              ,  

• Aplanarity Ap = 3/2λ3 , with λ3 smallest eigenvalue of normalised momentum tensor

20

Emiss
T

me↵(incl) =
NJetX

i=1

|p(i)
T |+ Emiss

T



Signal Region Definition Current Analysis
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Targeted signal q̃q̃, q̃! q�̃0
1

Requirement Signal Region [Me↵-]
2j-1200 2j-1600 2j-2000 2j-2400 2j-2800 2j-3600 2j-2100 3j-1300

Emiss
T [GeV] > 250

pT( j1) [GeV] > 250 300 350 600 700
pT( j2) [GeV] > 250 300 350 50
pT( j3) [GeV] > – 50
|⌘( j1,2)| < 0.8 1.2 –
��(jet1,2,(3), ~Emiss

T )min > 0.8 0.4
��(jeti>3, ~Emiss

T )min > 0.4 0.2
Emiss

T /
p

HT [GeV1/2] > 14 18 26 16
me↵ (incl.) [GeV] > 1200 1600 2000 2400 2800 3600 2100 1300

Targeted signal g̃g̃, g̃! qq̄�̃0
1

Requirement Signal Region [Me↵-]
4j-1000 4j-1400 4j-1800 4j-2200 4j-2600 4j-3000 5j-1700

Emiss
T [GeV] > 250

pT( j1) [GeV] > 200 700
pT( j4) [GeV] > 100 150 50
pT( j5) [GeV] > – 50
|⌘( j1,2,3,4)| < 1.2 2.0 –
��(jet1,2,(3), ~Emiss

T )min > 0.4
��(jeti>3, ~Emiss

T )min > 0.4 0.2
Emiss

T /me↵ (Nj) > 0.3 0.25 0.2 0.3
Aplanarity > 0.04 –
me↵ (incl.) [GeV] > 1000 1400 1800 2200 2600 3000 1700

Targeted signal g̃g̃, g̃! qq̄W�̃0
1 and q̃q̃, q̃! qW�̃0

1

Requirement Signal Region [Me↵-]
5j-1600 5j-2000 5j-2600 6j-1200 6j-1800 6j-2200 6j-2600

Emiss
T [GeV] > 250

pT( j1) [GeV] > 200
pT( j6) [GeV] > 50 100
|⌘( j1,...,6)| < – 2.0 –
��(jet1,2,(3), ~Emiss

T )min > 0.4 0.8 0.4
��(jeti>3, ~Emiss

T )min > 0.2 0.4 0.2
Emiss

T /me↵ (Nj) > 0.15 – 0.25 0.2 0.15
Emiss

T /
p

HT [GeV1/2] > – 15 18 –
Aplanarity > 0.08 – 0.04 0.08
me↵ (incl.) [GeV] > 1600 2000 2600 1200 1800 2200 2600

Targeted signal g̃g̃, g̃! qq̄W�̃0
1 and q̃q̃, q̃! qW�̃0

1

Requirement Signal Region
Me↵-2jB-1600 Me↵-2jB-2400

Emiss
T [GeV] > 250

pT(Large-R j1) [GeV] > 200
pT(Large-R j2) [GeV] > 200
m(Large-R j1) [GeV] [60,110]
m(Large-R j2) [GeV] [60,110]
��(jet1,2,(3), ~Emiss

T )min > 0.6
��(jeti>3, ~Emiss

T )min > 0.4
Emiss

T /
p

HT [GeV1/2] > 20
me↵ (incl.) [GeV] > 1600 2400

Table 2: Selection criteria and targeted signal model from Fig. 1 used to define signal regions in the Me↵-based
search, indicated by the prefix ‘Me↵’. The first block of SRs targets Fig. 1 (a), the second block of SRs targets
Fig. 1 (d). The third and fourth blocks of SRs targets Fig. 1 (b) and (e). Each SR is labelled with the inclusive jet
multiplicity considered (‘2j’, ‘3j’ etc.) together with the degree of background rejection. The latter is denoted by
the value corresponding to the me↵ cut. The Emiss

T /me↵(Nj) cut in any Nj-jet channel uses a value of me↵ constructed
from only the leading Nj jets (me↵(Nj)). However, the final me↵(incl.) selection, which is used to define the signal
regions, includes all jets with pT > 50 GeV. Large-radius re-clustered jets are denoted as Large-R j.
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ATLAS-CONF-2017-022

https://cds.cern.ch/record/2258145?ln=de


BDT Signal Region Definitions - Original Definition
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Preselection and Input variable for GG direct

Preselection
BDT1, BDT2
nJet > 3, !"##> 1400, $%&'(( > 300,  1st jet PT > 200, $%&'((/!"## > 0.2, Δ-($%&'((, 01,2,3) > 0.4
BDT3, BDT4
nJet > 3, !"##> 800, $%&'(( > 300,  1st jet PT > 200, $%&'((/!"## > 0.2, Δ-($%&'((, 01,2,3) > 0.4
BDT5
nJet > 1, !"##> 1400, $%&'(( > 300, 1st jet PT > 200, $%&'((/ *%� > 12, Δ-($%&'((, 01,2,3) > 0.4

Input variable
BDT1, BDT2, BDT3, BDT4
Normal : nJet, !"##, $%&'((/!"##, Δ-($%&'((, 0'53), 

Aplanarity, 1st - 4th jet PT, 1st - 4th jet 6
BDT5
Normal : nJet, !"##, $%&'((/ *%� , Δ-($%&'((, 01,2,3), Δ-($%&'((, 0'53), 

Aplanarity, 1st -4th jet PT, 1st-4th jet 6



BDT Variable Study - Oring
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Significance Function

24


