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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 speciÞc Higgs

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

of Þne tuning can be modiÞed 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 scalev " 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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Search for supersymmetry in the multijet + missing momentum final state 
Jack Bradmiller-Feld (UC Santa Barbara), for the CMS collaboration

Why SUSY? Why now?

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 ÒnaturalnessÓ 
- To stabilize Higgs mass corrections, hoped to Þnd SUSY at EWK scale Ñ 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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FIG. 1: Natural electroweak symmetry breaking constrains the superpartners on the left to be
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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 speciÞc Higgs

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

of Þne tuning can be modiÞed 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 scalev " 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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Original diagram by M. Papucci, et. al. (2011)

Our outlook in 2010-2011 

mh =?

¥ ÒNaturalÓ scenario: gluinos and squarks accessible at EWK scale 
¥ Strongly-produced, distinct Þnal statesÑ discovery potential

Selection & strategy

¥ Generic and inclusive 
¥ Consider events with: 
¥ !3 jets (30+ GeV) 
¥ Missing momentum (300+ GeV) 
¥ No isolated leptons 

¥ Bin in                                    

SM backgrounds

0 b-jets 1 b-jet 2 b-jets 3+ b-jets
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CMS            Simulation (13 TeV)
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Results & interpretation

SUSY candidate event in data 
with 12 jets, 3 b-tagged jets

¥ Some ~1-2.5"  discrepancies between 
measured BG and observed data, but 
no signiÞcant evidence for SUSY  

¥ Set limits on simpliÞed models 
¥ Can reach as far as 1620-1750 GeV in           

m÷g m÷q, 780-1150 in 

For more info, see CMS-PAS-SUS-16-014

100-200 GeV?

Njet , Nb! jet , HT , H miss
T !

���"
X

~p jet
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���

¥ 160 independent 
search regions

¥ At low Njet, Nb-jet, mostly Z/W 
¥ At high Njet, Nb-jet, more

top / W →#! + jets

tøt

÷g ! bøb÷! 0
1

t̃ ! t�̃0
1

Background estimation
¥ Most sensitivity found on extreme tails of SM kinematic distributions 
¥ Measure all backgrounds in data using dedicated control regions
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CMS
Preliminary¥ Example:  measure Z→!!  + jets BG 

using $ + jets control region 
¥ Use MC to correct for kinematic 

differences between Z & $ events 

¥ Use Z→## data to correct for any 
mis-modeling of Z BG in MC
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Direct from simulation

Treat simulation like data

Search region bin number
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¥Validate methods with 
MC closure tests 

¥From test performance, 
assign systematic 
uncertainties on BG 
measured in each bin
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