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• Classic naturalness arguments require light higgsinos, stops, gluinos
• Gluinos with largest cross sections

The Case for Gluino Searches

2016 data: 36 fb  of data 
at  = 13 TeV 

 Perfect time to search for gluinos!
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http://www.hep.ph.ic.ac.uk/~wstirlin/plots/plots.html


Lepton channel for discovery
• Gluino decay via off-shell stop
• Final state with 

• several (b tagged) jets 
• large  

•  
• possibly leptons

HT = ∑jets p
jets
T

pmiss
T

Excellent discovery opportunity in events with one or two leptons!
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Mass of Large Jets (MJ) Analysis
mT = √2pℓ

T
pmiss

T
(1 − cos(Δϕ(l, pmiss

T
))

, 
where  are anti-  
clustered jets with R = 1.4

MJ = ∑Ji
m(Ji)

Ji kt

SUSY events have 
larger tails in MJ

 
Main background: dileptonic ttbar with large ISR activity
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Delta phi (dPhi) Analysis
: transverse angle lepton 

and reconstructed W
Δϕ

Select also events with 0 b 
tagged jets  interpretation with 
gluino decay via off-shell squarks

→

Main background: dileptonically decaying ttbar

 1
 b

 ta
gg

ed
 je

t
≥ 0 

b 
ta

gg
ed

 je
ts

 

      5        05/08/17         Basil Schneider         Phenomenology 2017 Symposium



Both analyses use ABCD method

MJ/dPhi Background Modeling

•

• Fully data driven, except correction factor

• MJ: 18 search bins in SR, by using 
•  
•  
• 

• dPhi: 67 search bins in SR, by using 
•  
•  
•  
• ( )

• Main uncertainties:

• Jet energy scale

• Limited MC statistics 
(due to fine binning)

A = B ⋅ ⋅ κC
D

njets

nb

pmiss
T

njets

nb
HT

pmiss
T

+ pℓ
T

Per-bin correction factor
determined in MC
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Distributions in low  and high  normalized to each other

 

MJ Distributions
mT mT

Background enriched region: 
Ratio close to 1 

  and  not correlated⇒ MJ mT

Signal enriched region: 
Sensitive to signal 
No excess
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Data/background comparison in bins with > 1 b tagged jet

Data and prediction within uncertainties for all regions

dPhi Results
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MJ/dPhi Exclusion Limits
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Select two opposite sign leptons with invariant mass close to Z, and define
following signal regions:

Search interprets results also in electroweak and light sbottom models

Opposite Sign Lepton (2LOS) Analysis
• Also consider other low fine tuning 

model: GMSB

• Model agnostic in terms of squarks

• Heavy  and massless  lead to 
Z resonance-like events

~χ0
1

~
G
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• Di- and triboson events measured in CR

• Flavor symmetric background estimated in opposite flavor enriched region

•  in DY+jets background arise from detector mismeasurements;  estimated in CR
with +jets events; boson  distribution weighted to match Z+jets events

 
• No excess in any signal region  Limits improved by ~500 GeV!

2LOS Background Modeling

pmiss
T

pmiss
T

γ pT

→
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• Naturalness remains one of driving forces to search for SUSY
• Presented searches for light gluinos
• No excess found in 36 fb  of LHC data, limits at 95 % CL set
• Limits on gluino mass improved to 1.9 TeV for  LSP  1 TeV for gluinos

decaying to  via off-shell stop
• Limits on gluino mass improved to 1.8 TeV in GMSB model

• Are LHC results in tension 
with natural SUSY?

•  Depends on the 
amount of fine tuning  
you are willing to accept

• At messenger scale 
 = 20 TeV, fine tuning 

of ~10 is almost ruled out
•  of SM is 

Conclusions
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 SUSY is alive and well!⇒                         From arXiv:1611.05873 [hep-ph]
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https://arxiv.org/pdf/1611.05873.pdf


Reference: MJ
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Reference: dPhi
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Reference: 2LOS
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Backup: Exclusion contour comparison
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Definition of fine tuning follows the Barbieri-Giudice measure (Nucl. Phys.
B306 (1988) 63–76):

where  is a UV mass-squared parameter (e.g. , , or )

Backup: Fine tuning measure

ΔM 2 = | |
∂log m2

h

∂log M 2

M μ M3 mQ3
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https://www.sciencedirect.com/science/article/pii/055032138890171X?via%3Dihub


Backup: MJ/dPhi Baseline Selection
MJ analysis:

• lepton with  > 20 GeV
• veto events with an

additional lepton or isolated
track

•  =  +  > 500 GeV
•  > 200 GeV
•  140 GeV
•  6 small-R jets
•  1 small-R b tagged jet

 Bin in , ,  
18 search bins defined

pl
T

ST HT pl
T

pmiss
T

mT ≥
≥
≥

⇒ njets nb pmiss
T

dPhi analysis:

• lepton with  > 25 GeV
• veto events with an

additional lepton or isolated
track

•  > 500 GeV
•  =  +  > 250 GeV
•  5 (6) jets
• 0 (  1) b tagged jet

 Bin in , , ,  
28 (39) bins with 0 (  1) b
tagged jet defined

pl
T

HT

LT pmiss
T

pl
T

≥
≥

⇒ njets nb HT LT

≥
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Data/background comparison in bins with 0 b tagged jets

Data and prediction within uncertainty for all regions

Backup: dPhi Distributions (0-b)
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Backup: dPhi Kappa correction factors
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