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Introduction
SUSY searches on ATLAS
have been designed to 
systematically cover SUSY 
parameter space

Extremely challenging to 
summarize this massive effort in a short talk -- I will be 
painting with broad strokes, and focusing on R-parity 
conserving final states and simplified model 
interpretations

2

Why gluinos? 

12 Nov 2013 J. Thompson, Cornell 3 

 Naturalness 
 As you know (see yesterday’s 

talks), gluinos are a key player in 
the naturalness story 

 Constrained to 1-2 TeV in natural 
SUSY scenarios 

 High production cross section 
 Sensitivity to highest masses 
 Most dramatic signatures 

 Heavy SUSY parentslots of 
(missing) energy in the detector 

 Searches for the heaviest 
particles gain the most from 
increases in CM energy 
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General Search Strategy
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Define model-dependent signal regions 
→ many signal regions for a given signature (e.g., 19!)

Use control regions to estimate dominant 
backgrounds 

e.g., for a 0-lepton analysis, a 1-lepton control 
region is often used: that lepton can be treated as a 
jet or included in the ETmiss calculation

Perform a likelihood fit combining signal regions and 
corresponding control regions to find an excess... or 
exclude a region of parameter space
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Variables used to distinguish 
signal from background

jet

jet

ETmiss
Δϕ

∆ϕ(jet,ETmiss) > 0.4
rejects QCD bkg

• ETmiss

• HT = Σ|pTjet|+ (Σ|pTel/mu|)

• meff ≡ Σ|pTjet|+ (Σ|pTel/mu|) + ETmiss

(“effective mass”)

• ETmiss / meff

• ETmiss / √HT

•  mT =
q

2plTE
miss
T · (1� cos��[l, Emiss

T ])
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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Inclusive Searches

Dominant experimental signatures:
0 leptons, 2-6 jets, ETmiss

1 lepton (e/μ), 3-6 jets, ETmiss

0 leptons, 7-10 jets, ETmiss (*)
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the naturalness story 
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SUSY scenarios 

 High production cross section 
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 Heavy SUSY parentslots of 
(missing) energy in the detector 

 Searches for the heaviest 
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(*) now published: JHEP 10 (2013) 130

http://link.springer.com/article/10.1007/JHEP10%282013%29130
http://link.springer.com/article/10.1007/JHEP10%282013%29130
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Inclusive Searches
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Simplified Models for squark/gluino decays
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Inclusive Searches
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Simplified Models for squark/gluino decays
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Inclusive Searches
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Simplified Models for squark/gluino decays
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Inclusive Searches
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Simplified Models for squark/gluino decays
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Inclusive Searches
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Simplified Models for squark/gluino decays
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Inclusive Searches
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Simplified Models for squark/gluino decays
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Inclusive Searches

14

Simplified Models for squark/gluino decays

2-step decays

q̃

q̃

�̃±
1

�̃0
2

�̃⌥
1 �̃0

2

p

p

q W
Z

�̃0
1

q W
Z

�̃0
1

g̃

g̃

�̃±
1

�̃0
2

�̃±
1 �̃0

2

p

p

q q W
Z

�̃0
1

qq W
Z

�̃0
1



S. Majewski, U Oregon LBNL Workshop 2014 15

3rd Generation Searches
Dominant experimental signatures:

0-1 lepton (e/μ), 3 b-jets, ETmiss

0 leptons, 7-10 jets, ETmiss

0 leptons, 2 b-jets, ETmiss

1 lepton (e/μ), 1 b-jet, ETmiss

Why gluinos? 

12 Nov 2013 J. Thompson, Cornell 3 

 Naturalness 
 As you know (see yesterday’s 

talks), gluinos are a key player in 
the naturalness story 

 Constrained to 1-2 TeV in natural 
SUSY scenarios 

 High production cross section 
 Sensitivity to highest masses 
 Most dramatic signatures 

 Heavy SUSY parentslots of 
(missing) energy in the detector 

 Searches for the heaviest 
particles gain the most from 
increases in CM energy 
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3rd Generation Searches
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3rd Generation Searches
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3rd Generation Searches
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3rd Generation Searches
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3rd Generation Searches
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3rd Generation Searches
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3rd Generation Searches
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Direct Electroweak Searches

Dominant experimental signatures:
2-3 leptons (e/μ), MET
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Direct Electroweak Searches
direct slepton
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Direct Electroweak Searches
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Summary & Outlook
Comprehensive ATLAS SUSY Search 
program

Mass limits on gluinos (~1.1-1.4 TeV) 
most stringent -- can we make a generic 
statement?

Sensitivity to other sparticles dependent 
on direct production cross-section 
(& difficulty/reco efficiency, of course)

Updates & statistical combination of 
exclusive channels in progress 
(e.g., 0- and 1-lepton)

Looking forward to the increased √s 
in 2015!

Limit
g 1.1-1.4 TeV
q 740 GeV
b 430/620 GeV
t 660 GeV
χ± 450/600 GeV
ℓ 315 GeV
τ --/330 GeV
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Many jets + 1 lepton?

29
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Figure 4. Jet multiplicity distributions for pmin

T

= 50 GeV jets in the one-lepton tt̄ and W + jets
control regions (CR) for di↵erent b-jet multiplicities and a selection on M⌃

J

> 340 GeV (4(a))–
(4(b)), and the M⌃

J

distribution for an inclusive selection of seven jets with pmin

T

= 50 GeV (4(c)).
Other details are as for figure 3.

– 15 –

J
H
E
P
1
0
(
2
0
1
3
)
1
3
0

E
ve

n
ts

-210

-110

1

10

210

310

410

5
10

Data

Total background

 ql,ll→ tt
 + light jetsν l→W

 + b-jetsν l→W

, ll + jetsνν →Z 

Single top

+W, Ztt
]:[900,150] [GeV]

1

0
χ∼,g~[

ATLAS

=8 TeVs, -1L dt = 20.3 fb∫
1 lepton CR

 340 GeV≥ Σ
JM

No b-jet

>50 GeV
T

Number of jets p
2 3 4 5 6 7 8 9 10 11 12 13

D
a
ta

/P
re

d
ic

tio
n

0
0.5

1
1.5

2

(a) M

⌃

J

>340 GeV, no b-jets

E
ve

n
ts

-210

-110

1

10

210

310

410

5
10

Data

Total background

 ql,ll→ tt
 + light jetsν l→W

 + b-jetsν l→W

, ll + jetsνν →Z 

Single top

+W, Ztt
]:[900,150] [GeV]

1

0
χ∼,g~[

ATLAS

=8 TeVs, -1L dt = 20.3 fb∫
1 lepton CR

 340 GeV≥ Σ
JM
 1 b-jet≥

>50 GeV
T

Number of jets p
2 3 4 5 6 7 8 9 10 11 12 13

D
a
ta

/P
re

d
ic

tio
n

0
0.5

1
1.5

2

(b) M

⌃

J

>340 GeV, �1 b-jets

 E
ve

n
ts

 /
 8

0
 G

e
V

-210

-110

1

10

210

310

410

5
10

Data

Total background

 ql,ll→ tt
 + light jetsν l→W

 + b-jetsν l→W

, ll + jetsνν →Z 

Single top

+W, Ztt
]:[900,150] [GeV]

1

0
χ∼,g~[

ATLAS

=8 TeVs, -1L dt = 20.3 fb∫
1 lepton CR

7 jets 50 GeV≥
b-blind

 [GeV]Σ
J

Total ’composite’ jet mass, M
0 100 200 300 400 500 600 700 800 900 1000

D
a
ta

/P
re

d
ic

tio
n

0
0.5

1
1.5

2

(c) M

⌃

J

distribution, �7j50 selection applied

Figure 4. Jet multiplicity distributions for pmin

T

= 50 GeV jets in the one-lepton tt̄ and W + jets
control regions (CR) for di↵erent b-jet multiplicities and a selection on M⌃

J

> 340 GeV (4(a))–
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Table 2. The selection criteria for the validation and control regions for the tt̄ and W + jets
backgrounds. In the control region the lepton is recast as a jet so it contributes toH

T

if p`
T

> 40GeV
and to the jet multiplicity count if p`

T

> pmin

T

.

The predictions employ the Monte Carlo simulations described in section 5.1. When

predictions are taken directly from the Monte Carlo simulations, the leptonic background

event yields are subject to large theoretical uncertainties associated with the use of a

leading-order Monte Carlo simulation generator. These include scale variations as well

as changes in the number of partons present in the matrix element calculation, and un-

certainties in the response of the detector. To reduce these uncertainties the background

predictions are, where possible, normalised to data using control regions and cross-checked

against data in other validation regions. These control regions and validation regions are

designed to be distinct from, but kinematically close to, the signal regions, and orthogonal

to them by requiring an identified lepton candidate.

The validation and control regions for the tt̄ and W + jets backgrounds are defined in

table 2. In single-lepton regions, a single lepton (e or µ) is required, with su�cient pT to

allow the leptonic trigger to be employed. Modest requirements on Emiss
T and Emiss

T /
p
HT

reduce the background from fake leptons. An upper limit on

mT =
q
2
�
|pmiss

T ||p`
T|� pmiss

T · p`
T

�
,

where p`
T is the transverse momentum vector of the lepton, decreases possible contamina-

tion from non-Standard-Model processes.

Since it is dominantly through hadronic ⌧ decays thatW bosons and tt̄ pairs contribute

to the signal regions, the corresponding control regions are created by recasting the muon

or electron as a jet. If the electron or muon has su�cient pT (without any additional cali-

bration), it is considered as an additional ‘jet’ and it can contribute to the jet multiplicity

count, as well as to HT and hence to the selection variable Emiss
T /

p
HT. The same jet

– 13 –

JHEP 10 (2013) 130

lepton is treated as a jet and added 
to HT, included in jet multiplicity 

count as appropriate

http://link.springer.com/article/10.1007/JHEP10%282013%29130
http://link.springer.com/article/10.1007/JHEP10%282013%29130

