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pp ! q̃q̃(⇤) , pp ! q̃g̃ , pp ! g̃g̃

Introduction

At LHC energy, squarks and gluino production have large 
cross section.!

R-parity is conserved:!

• SUSY particles are pair-produced.!

!

• The lightest SUSY particle (LSP) is stable and will leave 
the detector undetected leading to missing transverse 
energy, ET

miss
.!

The squarks and gluinos are assumed to decay promptly 
into various final states depending on the decay chain. The 
analysis selection depends on the studied decay.
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Will show a selection of the inclusive searches for squarks and gluinos.
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SUSY Search Strategy

Standard Model is well understood.!

SUSY signal will lead to high pT objects and 
ET

miss
. Usually with low SM prediction.!

Three types of background estimation:!

• Simulation normalized to data in control 
regions orthogonal to the signal regions. 
(W, Z, ttbar, etc.)!

• Data driven techniques such as jet 
smearing. (Multijet events from QCD)!

• Simulations. (rare backgrounds like WW, 
WZ, ZZ, etc.)!

Before unblinding: Cross-check background 
estimation in validation regions.
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Direct decays of squarks and gluinos

0 leptons (e/μ),          
2-6 jets, ETmiss !

Discriminant  variable:!

!
!
pT (jet): transverse 
momentum of the jets.!

17 signal regions.
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Direct decays of squarks and gluinos

0 leptons (e/μ),          
2-6 jets, ETmiss !

Discriminant  variable:!

!
!
pT (jet): transverse 
momentum of the jets.!

17 signal regions.
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One-step decays of squarks and gluinos

5

Two analyses are the almost equally sensitive in this model.!

The 0-lepton, 2-6 jets analysis vetos events with leptons (e/μ). !

The 1-lepton analysis selects events with one lepton (e/μ).!

No overlap between signal and control regions, but a shared set of 
systematic uncertainties.!

⇒ Analyses can be statistically combined using combination of 
likelihoods.

arXiv: 
1507.05525
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Two-step decays with taus
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Direct gluino decays with stops or sbottoms

2 same sign charged leptons or 
3 leptons (e/μ), 0-3 b-jets, ETmiss !

High lepton multiplicity ⇒ 
lower ETmiss-cut.!

Discriminant  variable:!

!
!
5 signal regions.
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0 or 1 leptons (e/μ), 4-7 jets,                   
at least 3 b-jets, ETmiss !
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!
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0 or 1 leptons (e/μ), 4-7 jets,                   
at least 3 b-jets, ETmiss !

Discriminant  variables:!

!
!
9 signal regions.
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MSUGRA summary

9
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Conclusion of 8 TeV searches

ATLAS has performed a big variety of searches for 
squarks and gluinos with 8 TeV.!

No significant excesses were seen.!

We are ready to keep searching at 13 TeV!
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1

χ̃±
1
χ̃0
2→ℓ̃Lνℓ̃Lℓ(ν̃ν), ℓν̃ℓ̃Lℓ(ν̃ν) 3 e, µ 0 Yes 20.3 m(χ̃

±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, m(ℓ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) 1402.7029700 GeVχ̃±

1 ,
χ̃0
2

χ̃±
1
χ̃0
2→Wχ̃

0
1Zχ̃

0
1

2-3 e, µ 0-2 jets Yes 20.3 m(χ̃
±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, sleptons decoupled 1403.5294, 1402.7029420 GeVχ̃±

1 ,
χ̃0
2

χ̃±
1
χ̃0
2→Wχ̃

0
1h χ̃

0
1, h→bb̄/WW/ττ/γγ e, µ, γ 0-2 b Yes 20.3 m(χ̃

±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, sleptons decoupled 1501.07110250 GeVχ̃±

1 ,
χ̃0
2

χ̃0
2
χ̃0
3, χ̃

0
2,3 →ℓ̃Rℓ 4 e, µ 0 Yes 20.3 m(χ̃

0
2)=m(χ̃

0
3), m(χ̃

0
1)=0, m(ℓ̃, ν̃)=0.5(m(χ̃

0
2)+m(χ̃

0
1)) 1405.5086620 GeVχ̃0

2,3

GGM (wino NLSP) weak prod. 1 e, µ + γ - Yes 20.3 cτ<1 mm 1507.05493124-361 GeVW̃

Direct χ̃
+

1 χ̃
−
1 prod., long-lived χ̃

±
1 Disapp. trk 1 jet Yes 20.3 m(χ̃

±
1 )-m(χ̃

0
1)∼160 MeV, τ(χ̃

±
1 )=0.2 ns 1310.3675270 GeVχ̃±

1

Direct χ̃
+

1
χ̃−
1 prod., long-lived χ̃

±
1 dE/dx trk - Yes 18.4 m(χ̃

±
1 )-m(χ̃

0
1)∼160 MeV, τ(χ̃

±
1 )<15 ns 1506.05332482 GeVχ̃±

1

Stable, stopped g̃ R-hadron 0 1-5 jets Yes 27.9 m(χ̃
0
1)=100 GeV, 10 µs<τ(g̃)<1000 s 1310.6584832 GeVg̃

Stable g̃ R-hadron trk - - 19.1 1411.67951.27 TeVg̃

GMSB, stable τ̃, χ̃
0
1→τ̃(ẽ, µ̃)+τ(e, µ) 1-2 µ - - 19.1 10<tanβ<50 1411.6795537 GeVχ̃0

1

GMSB, χ̃
0
1→γG̃, long-lived χ̃

0
1

2 γ - Yes 20.3 2<τ(χ̃
0
1)<3 ns, SPS8 model 1409.5542435 GeVχ̃0

1

g̃g̃, χ̃
0
1→eeν/eµν/µµν displ. ee/eµ/µµ - - 20.3 7 <cτ(χ̃

0
1)< 740 mm, m(g̃)=1.3 TeV 1504.051621.0 TeVχ̃0

1

GGM g̃g̃, χ̃
0
1→ZG̃ displ. vtx + jets - - 20.3 6 <cτ(χ̃

0
1)< 480 mm, m(g̃)=1.1 TeV 1504.051621.0 TeVχ̃0

1

LFV pp→ν̃τ + X, ν̃τ→eµ/eτ/µτ eµ,eτ,µτ - - 20.3 λ′
311

=0.11, λ132/133/233=0.07 1503.044301.7 TeVν̃τ

Bilinear RPV CMSSM 2 e, µ (SS) 0-3 b Yes 20.3 m(q̃)=m(g̃), cτLS P<1 mm 1404.25001.35 TeVq̃, g̃

χ̃+
1
χ̃−
1 , χ̃

+

1→Wχ̃
0
1, χ̃

0
1→eeν̃µ, eµν̃e 4 e, µ - Yes 20.3 m(χ̃

0
1)>0.2×m(χ̃

±
1 ), λ121!0 1405.5086750 GeVχ̃±

1

χ̃+
1
χ̃−
1 , χ̃

+

1→Wχ̃
0
1, χ̃

0
1→ττν̃e, eτν̃τ 3 e, µ + τ - Yes 20.3 m(χ̃

0
1)>0.2×m(χ̃

±
1 ), λ133!0 1405.5086450 GeVχ̃±

1

g̃g̃, g̃→qqq 0 6-7 jets - 20.3 BR(t)=BR(b)=BR(c)=0% 1502.05686917 GeVg̃

g̃g̃, g̃→qχ̃
0
1, χ̃

0
1 → qqq 0 6-7 jets - 20.3 m(χ̃

0
1)=600 GeV 1502.05686870 GeVg̃

g̃g̃, g̃→t̃1t, t̃1→bs 2 e, µ (SS) 0-3 b Yes 20.3 1404.250850 GeVg̃

t̃1 t̃1, t̃1→bs 0 2 jets + 2 b - 20.3 ATLAS-CONF-2015-026100-308 GeVt̃1

t̃1 t̃1, t̃1→bℓ 2 e, µ 2 b - 20.3 BR(t̃1→be/µ)>20% ATLAS-CONF-2015-0150.4-1.0 TeVt̃1

Scalar charm, c̃→cχ̃
0
1 0 2 c Yes 20.3 m(χ̃

0
1)<200 GeV 1501.01325490 GeVc̃

Mass scale [TeV]10−1 1

√
s = 7 TeV

√
s = 8 TeV

ATLAS SUSY Searches* - 95% CL Lower Limits
Status: July 2015

ATLAS Preliminary
√
s = 7, 8 TeV

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1σ theoretical signal cross section uncertainty.
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Prospects for Run II
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First peek at 13 TeV data
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SR cuts, 0-lepton, 2-6 jets ETmiss

14
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SR cuts, Monojet and Razor

15

Requirement

Signal region

M1 M2 M3

Jets At most three jets with

preselection pT > 30 GeV and |⌘| < 2.8

pjet1T [GeV] > 280 340 450

Emiss
T [GeV] > 220 340 450

��(jet,Emiss
T ) > 0.4

0LRaz SR
loose

0LRaz SR
tight

Emiss

T

[GeV] > 160

p
jet1,2
T

[GeV] > 150 200
��(jet

1,2, E
miss

T

) > 0.4 1.4
R > 0.5 0.6

M 0
R [GeV] > 700 900

Signal region 0LRaz SR
loose

0LRaz SR
tight

Expected background events before the fit
tt̄ 138 1.8
Single top 23.9 1.6
tt̄ + V 4.7 0.2
W+jets 794 49
Z+jets 762 58
Diboson 112 10

Fitted background events
tt̄ 117± 22 1.7± 0.5
Single top 24.9± 2.6 1.8± 0.3
tt̄ + V 3.7± 1.0 0.20± 0.07
W+jets 454± 40 27.0± 3.0
Z+jets 618± 76 45± 6
Diboson 94± 49 10± 5
Multi-jet 14± 13 2.4± 2.4
Total background 1326± 84 88± 8
Observed events 1322 74

h✏�i95
obs

[fb] 6.17 0.83
S95

obs

125.3 16.8
S95

exp

135.1+64.8
�42.2 24.3+9.9

�6.9

p(s = 0) 0.49 0.50

arXiv: 
1507.05525

26th of  August 2015 ICNFP2015/I. Deigaard



SR cuts, 1-2 Taus

16

Requirement

Signal region

1⌧ Loose SR 1⌧ Tight SR

Taus Nmedium

⌧ = 1

p
T

> 30GeV

��(jet
1,2,E

miss

T

) > 0.4

��(⌧,Emiss

T

) > 0.2

m⌧
T

[GeV] > 140

Emiss

T

[GeV] > 200 300

H
T

[GeV] > 800 1000

Requirement

Signal region

2⌧ Inclusive SR 2⌧ GMSB SR 2⌧ nGM SR 2⌧ bRPV SR

Taus N loose

⌧ � 2

p
T

> 20GeV

��(jet
1,2,E

miss

T

) � 0.3

m⌧1
T

+m⌧2
T

[GeV] � 150 250 250 150

H2j

T

[GeV] > 1000 1000 600 1000

N
jet

� - 4

Requirement

Signal region

⌧+` GMSB SR ⌧+` nGM SR ⌧+` bRPV SR ⌧+` mSUGRA SR

Taus N loose

⌧ � 1

p
T

> 20GeV

N` = 1

m`
T

[GeV] > 100

m
e↵

[GeV] > 1700 - 1300 -

Emiss

T

[GeV] > - 350 - 300

N
jet

� - 3 4 3

JHEP 09 
(2014) 103

26th of  August 2015 ICNFP2015/I. Deigaard



SR cuts, SS/3 leptons

17

Requirement

Signal region

SR3b SR0b SR1b SR3Llow SR3Lhigh

Leptons SS or 3L SS SS 3L 3L

Nb�jet � 3 =0 � 1 - -

Njet � 5 3 3 4 4

Emiss
T [GeV] > 150 > 150 50 < Emiss

T < 150 > 150

mT [GeV] > - 100 - - -

Veto - - SR3b Z boson, SR3b SR3b

me↵ [GeV] > 350 400 700 400 400

SR3b SR0b SR1b SR3Llow SR3Lhigh

Observed events 1 14 10 6 2

Total expected background events 2.2± 0.8 6.5± 2.3 4.7± 2.1 4.3± 2.1 2.5± 0.9

p(s = 0) 0.50 0.03 0.07 0.29 0.50

Expected signal events 3.4± 0.7 24.3± 3.5 16.4± 3.0 10.6± 1.0 5.0± 0.8

for chosen benchmark models

Components of the background
t¯tV , t¯tH, tZ and t¯tt¯t 1.3± 0.5 0.9± 0.4 2.5± 1.7 1.6± 1.0 1.3± 0.7

Dibosons and tribosons < 0.1 4.2± 1.7 0.9± 0.4 1.2± 0.6 1.2± 0.6

Fake leptons 0.7± 0.6 1.2+1.5
�1.2 0.8+1.2

�0.8 1.6± 1.6 < 0.1

Charge-flip electrons 0.2± 0.1 0.2± 0.1 0.5± 0.1 – –

Systematic uncertainties
on expected background
Fake-lepton background ±0.6 +1.5

�1.2
+1.2
�0.8 ±1.6 < 0.1

Theory unc. on dibosons < 0.1 ±1.5 ±0.3 ±0.4 ±0.4

Jet and Emiss

T

scale and resolution ±0.1 ±0.7 ±0.4 ±0.4 ±0.3

Monte Carlo statistics ±0.1 ±0.5 ±0.2 ±0.4 ±0.4

b-jet tagging ±0.2 ±0.5 ±0.1 < 0.1 ±0.1

Theory unc. on t¯tV , t¯tH, tZ and t¯tt¯t ±0.4 ±0.3 ±1.7 ±1.0 ±0.6

Trigger, luminosity and pile-up < 0.1 ±0.1 ±0.1 ±0.1 ±0.1

Charge-flip background ±0.1 ±0.1 ±0.1 – –
Lepton identification < 0.1 ±0.1 < 0.1 ±0.1 ±0.1

Table 4. Number of observed data events and expected backgrounds and summary of the systematic
uncertainties on the background predictions for SR3b, SR0b, SR1b, SR3Llow and SR3Lhigh. The
p-value of the observed events for the background-only hypothesis is denoted by p(s = 0). By
convention, the p(s = 0) value is truncated at 0.50 when the number of observed data events is
smaller than the expected backgrounds. The expected signal events correspond to the SUSY models
considered for each signal region in figure 4 with their experimental uncertainties. The breakdown
of the systematic uncertainties on the expected backgrounds, expressed in units of events, is also
shown. The individual uncertainties are correlated and therefore do not necessarily add up in
quadrature to the total systematic uncertainty.

predicted background event yields are quoted as symmetric, except where the negative error
reaches zero predicted events, in which case the negative error was truncated.

– 18 –

JHEP 06 
(2014) 035
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SR cuts, 0/1 lepton, ≥3 b-jets

18

JHEP 10 
(2014) 024

Requirement

Signal region

SR-0`-4j-A SR-0`-4j-B SR-0`-4j-C* SR-0`-7j-A SR-0`-7j-B SR-0`-7j-C

Baseline 0-lepton selection lepton veto, pjet1T > 90 GeV, Emiss
T > 150 GeV

N jets (pT [GeV]) � 4 (50) 4 (50) 4 (30) 7 (30) 7 (30) 7 (30)

Emiss
T [GeV] > 250 350 400 200 350 250

mincl
e↵ [GeV] > - - - 1000 1000 1500

m4j
e↵ [GeV] > 1300 1100 1100 - - -

Emiss
T /

q
H4j

T [

p
GeV ] > - - 16 - - -

Requirement

Signal region

SR-1`-6j-A SR-1`-6j-B SR-1`-6j-C

Baseline 1-lepton selection > 1 signal lepton (e,µ), pjet1T > 90 GeV, Emiss
T > 150 GeV

N jets (pT [GeV]) � 6 (30) 6 (30) 6 (30)

Emiss
T [GeV] > 175 225 275

mT [GeV] > 140 140 160

mincl
e↵ [GeV] > 700 800 900
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SR cuts, Photon analysis

19

arXiv: 
1507.05493

Table 3: Enumeration of the requirements defining the four SRs developed for the photon+b and photon+j
signature searches.

Signal Region SR�bL SR�bH SR�jL SR�jH

No. photons (ET [GeV]) > 0 (> 125) > 0 (> 150) 1 (> 125) 1 (> 300)
Emiss

T [GeV] > 100 > 200 > 200 > 300
HT [GeV] – > 1000 – > 800
No. jets (No. b-jets) 2 � 4 (> 1) > 3 (> 0) > 3a > 1a

No. leptons 0 – 0 0
Mbb [GeV] 75 � 150 – – –

M�,E
miss
T

T [GeV] > 90 > 90 – –
��min(jet, Emiss

T ) (No. leading jets) > 0.3 (2) > 0.3 (4) > 0.4 (2) > 0.4 (2)
R4

T – – < 0.85
��min(jet, �) – – – < 2.0

a For SR�jL and SR�jH , the two leading jets are required to have pT > 100 and pT > 40 GeV, respectively.

Table 4: Enumeration of the requirements defining the two SRs developed for the photon+` signature
search.

Signal Region SR�`e SR�`µ

No. photons (ET [GeV]) > 0 (> 125) > 0 (> 125)
Emiss

T [GeV] > 120 > 120
Hjets

T [GeV] < 100 < 100
No. leptons > 0 (e) > 0 (µ)
|Me� � MZ | [GeV] (> 15) –

M`,E
miss
T

T [GeV] > 120 > 120
�R(`, �) > 0.7 > 0.7

14

from a misidentified jet or ⌧ lepton, are estimated via lepton-enriched CRs that constrain the normalization
of MC samples used to simulate contributions from these two sources. Separate control regions CRlep

L and
CRlep

H are defined for the low- and high-neutralino-mass SRs by requiring a lepton in addition to the
requirements already imposed to define the SRs. In addition, in order to increase the number of events
in the CR, the Emiss

T requirement is reduced, the Mbb requirement is removed (for the SR�bL analysis),
and the HT requirement is relaxed (for the SR�bH analysis). Events in these two CRs are expected to be
dominated by tt̄, tt̄� and W� production, as is expected for the corresponding background contributions
to the SRs, and any overlapping phase space is subtracted as part of the background estimation. Including
all SM sources, a total of 14.5 (58.0) events are expected in the CRlep

L ( CRlep
H ) control regions, to be

compared to an observation of 18 (61) events. Scaling the combined SM MC samples by these ratios of
data to expectation, after having subtracted the contributions estimated by other techniques, yields the SR
background estimates shown in Table 6. It is found that the data-to-expectation scale factor is somewhat
dependent upon the requirements used to define the lepton-enriched CRs; these variations are included in
the systematic error on the resulting SR background prediction.

The QCD background is estimated via the definition of a two-dimensional signal- and control-sample
grid (the ‘ABCD’ method). For the SR�bL analysis, three control samples are defined by requiring only
a single tagged b-jet, by requiring that Emiss

T < 75 GeV, or by requiring both of these SR modifications.
For the SR�bH analysis, three similar control samples are defined by requiring that no jet be identified as
a b-jet, by requiring that Emiss

T < 150 GeV, or by requiring both of these SR modifications. A transfer
factor is calculated by taking the ratio of the number of events with only the Emiss

T requirement changed
to the number of events with both the Emiss

T and b-jet requirements changed. Assuming that the relaxation
of the b-jet requirement is uncorrelated with the relaxation of the Emiss

T requirement, the number of QCD
background events in the SR can then be estimated by scaling, by this transfer factor, the number of events
with only the b-tag requirement changed. This scaling is done only after subtracting the number of events
expected to come from sources other than those that produce QCD background events from each of the
control samples. To avoid the biasing e↵ects of possible correlations between the relaxation of the b-
jet requirement and the Emiss

T requirement, for the SR�bL (SR�bH ) analysis, events are binned in Emiss
T and

weighted bin-by-bin in the ratio of the number of events in the 2-tag (1-tag) region to the number of events

Table 6: The expected and observed numbers of events for the two photon+b signal regions. The quoted
errors are the combined statistical and systematic uncertainties.

Signal Regions SR�bL SR�bH

Expected background events 18.8 ± 5.3 3.82 ± 1.25

e! � 3.2 ± 0.4 0.18 ± 0.08
W(! `⌫) 12.6 ± 4.9 3.35 ± 1.05
QCD 2.3 ± 2.1 0.00 ± 0.65
Z ! ⌫⌫ 0.8 ± 0.4 0.29 ± 0.15

Observed events 12 2

18

Table 7: The expected and observed numbers of events for the two photon+j signal regions. The quoted
errors are the combined statistical and systematic uncertainties.

Signal Regions SR�jL SR�jH

Expected background events 1.27 ± 0.43 0.84 ± 0.38

W + � 0.13 ± 0.12 0.54 ± 0.28
Z + � 0.03+0.05

�0.03 0.21+0.23
�0.21

tt̄ + � 0.64 ± 0.40 0.05 ± 0.05
Single-t + � 0.06 ± 0.02 0.03 ± 0.01
� + jet (QCD background) 0.00+0.06

�0.00 0.00 ± 0.00
e! � 0.38 ± 0.10 0.00 ± 0.00
j! � 0.02+0.08

�0.02 0.00+0.08
�0.00

Observed events 2 2

Table 8: The expected and observed numbers of events for the two photon+` signal regions. The quoted
errors are the combined statistical and systematic uncertainties. The contribution from the Z� process
arises from events for which one of the leptons from the Z ! `+`� decay is either missed or badly
mismeasured. The likelihood of this occurring is significantly greater for muons than electrons.

Signal Regions SR�`e SR�`µ

Expected background events 10.5 ± 1.4 14.1 ± 1.5

W� 6.7 ± 1.2 8.8 ± 1.3
tt̄� 1.4 ± 0.6 1.7 ± 0.7
Z� 0.0 ± 0.0 1.2 ± 0.6
Jet! � 1.5 ± 1.0 1.2 ± 0.7
e! � 0.7 ± 0.2 0.8 ± 0.3
Other sources 0.3 ± 0.1 0.4 ± 0.2

Observed events 16 10
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Limits on direct decays
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Limits on one-step decays, m(LSP) = 60 GeV
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Prospect for run 2 with 50% syst.
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ATL-PHYS-
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