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FIG. 1: Natural electroweak symmetry breaking constrains the superpartners on the left to be

light. Meanwhile, the superpartners on the right can be heavy, M � 1 TeV, without spoiling

naturalness. In this paper, we focus on determining how the LHC data constrains the masses of

the superpartners on the left.

the main points, necessary for the discussions of the following sections. In doing so, we will

try to keep the discussion as general as possible, without committing to the specific Higgs

potential of the MSSM. We do specialize the discussion to 4D theories because some aspects

of fine tuning can be modified in higher dimensional setups.

In a natural theory of EWSB the various contributions to the quadratic terms of the Higgs

potential should be comparable in size and of the order of the electroweak scale v ⇠ 246 GeV.

The relevant terms are actually those determining the curvature of the potential in the

direction of the Higgs vacuum expectation value. Therefore the discussion of naturalness
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Natural SUSY at the LHC: a very brief history 2

• Hypothetical: higgs and SUSY right around the corner?
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• Many Run I searches motivated by “naturalness” 
- To stabilize Higgs mass corrections, hoped to find SUSY at EWK scale — O(100) GeV?

• SUSY has long offered possible solution to many problems in SM: 
- Hierarchy problem, dark matter, origin of EWSB, gravity, etc.
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Original diagram by M. Papucci, et. al. (2011)

Our outlook in 2010-2011 

mh =?

Signal models and signatures 2

• “Natural” scenario: several particles accessible at EWK scale

• SUSY great target for early Run II search: 
✓ Strongly-produced, high mass, spectacular final states
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Search strategy: inclusive and generic  
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
References: M. Papucci, et. al. (2011),  N. Craig (2013), J. Feng (2013)

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS

• Consider events with lots of jets (4+, pT > 30 GeV), 
large         (> 200 GeV) and      (>500 GeV), no leptons 

• Characterize events by binning in simple variables: 
Hmiss

T HT

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
http://arxiv.org/abs/1110.6926
http://arxiv.org/abs/1309.0528
http://arxiv.org/abs/1302.6587
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
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(13 TeV)
SM background composition 3

ν
ν̄

q

g

j

j

j

j

Z

Z→𝜈𝜈 + jets 
b

b̄

j
j

j
j

j

ν

g

g
t

t̄

top / W →𝓁𝜈+ jets

• SM backgrounds have xsecs orders-of-magnitude above SUSY 
• Find sensitivity on extreme kinematic tails 
• Measure each SM background using control regions in data

QCD multijet (fake-        )Hmiss
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Hmiss
T > 200 GeV, HT > 500 GeV
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 (13 TeV)-1     2.3 fbCMS Full data-driven BG prediction 
and observation in all search bins

Data and SM background prediction 4

Data are well-described by 
SM background prediction
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Interpretation 5

•No excess→set limits on simplified models→significantly surpassing many 2012 limits 
•For additional interpretations, see backup slides and SUS-16-004

Direct gluino production,
gluino decays to heavy flavor squarks

Direct stop production
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To end on a more exciting note… 6

Hmiss
T = 1.3 TeVSUS-15-002

MHT distribution in 
full search region

Largest-HTmiss event



Backup: 13 TeV / 8 TeV parton lumi ratio scales with mass! 7

At pre-Run II mass limits, big boost in xsec as we go to 13 TeV 
Easy to break new ground with early dataset 
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Backup: additional interpretations—direct gluino production 8
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Backup: summary of CMS gluino limits, as of December 2015 9
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Backup: additional interpretations—direct squark production 10
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Backup: previous CMS limits on gluino and stop production 11
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Backup: previous ATLAS limits on gluino and stop production 12
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Backup: bin-by-bin signal sensitivity for gluino models 13
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Backup: pull distribution for SM-only hypothesis 14
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