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Motivation 



Hierarchy Problem I
• One loop corrections contribute to mass renormalization of the Higgs 

• Contributions diverge quadratically  
 

• A Higgs with mass at EW scale requires large cancellations! 

• Solution 1: introduce a cut off @O(1) TeV 

• Solution 2: for exact boson-fermion symmetry, loop corrections do 
not affect the Higgs mass! 



Supersymmetry I
• SUSY relates bosons and fermions 

• SUSY partners have same gauge numbers and 
masses 

• SUSY removes quadratic divergencies  

• SUSY fields allows for gauge coupling unification 

• It provides a natural candidate for DM 

• Supersymmetrization of the SM -> MSSM



Supersymmetry II
• The MSSM is the simplest 

supersymmetric extension 
of the SM 

• Each SM particle has a 
superpartner, e.g. electron 
-> selection 

• Anomaly cancellation 
requires additional Higgs 
doublet



Supersymmetry III
• Superpotential uniquely defines all interactions  

• Since no scalar partner of the electron with the 
same mass has been observed, SUSY must be 
“softly” broken



Supersymmetry IV
• Lightest supersymmetric 

particle (LSP) is neutral and 
stable in most common 
scenarios 

• Large missing transverse 
momentum expected 

• Hadroproduction of squarks 
and gluinos are dominant 

• Third generation production 
cross section is subdominant











Natural Supersymmetry 



Hierarchy Problem II
• For exact boson-fermion symmetry, loop corrections do not 

change the Higgs mass!  

• Soft breaking terms do not affect the cancellation of quadratic 
divergencies 

• However, corrections to squared Higgs mass parameter scale 
with squares of soft breaking parameters! 

• @tree level: mHiggz < mZ with mHiggs=125 GeV! 

• Large loop corrections needed 

• mHiggs(loop)≈log(mt1 mt2/mtop^2) 

• Heavy stops needed, which induces large corrections to 
Lagrangian parameters



Natural SUSY I
• What is natural?  How to quantify fine-tuning? 

• First answer: 
 

• Finetuning increases quadratically with µ as well as 
with stop mass (@1loop) and with gluino mass 
(@2loop)
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Natural SUSY II

M2
Z

2
= �(m2

Hu
+ ⌃u

u)� µ2

• The minimization of the EW scalar potential yields 

• Naturalness requires no large cancellations on RHS 

• Higgsino parameter should be small 

• Loop corrections should not blow up hence no large 
stop masses (@1 loop) & gluino masses (@ 2 loop) 

• All other particles are decoupled



SUSY under attack?
• Observed Higgs is SM like & relatively heavy 

• Large Higgs mass needs highly mixed TeV scale stops 

• No supersymmetric particles observed, m(gluino)>1.8 TeV and 
m(squark)>1.8 TeV 

• Too strict direct constraints on SUSY particles jeopardize naturalness! 

• Higgs and direct searches put SUSY under pressure 

• Thus does SUSY have a little hierarchy problem? 

• Limits are generally put on simplified/constrained models 

• However, third generation limits are much weaker! 

• Tree level Higgs mass can be increased in non minimal models



Natural SUSY III
• A minimal natural SUSY scenario consists of light 

higgsinos, TeV scale stops and multi TeV gluinos 

• A left-handed sbottom is in the same SU(2) doublet 
as the stop and hence a light SU(2) doublet 
sbottom is required 

• The right handed sbottoms do not couple strongly 
to the Higgs for small tan(β) and can be decoupled 

• The trilinear coupling Ab has only little impact



Natural SUSY IV
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Natural SUSY V
• Gluinos and third generation scalar production are 

dominant  

• In general, we expect large b-jet multiplicities from 
gluino decays 

• Stop decay modes depend on model parameters
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Setup



Scan Procedure I
• We randomly vary the soft breaking parameter of 

the natural SUSY parameters 

• We demand a SM like Higgs and assume a 
decoupled MSSM Higgs sector 

• LEP2 and low energy constraints must be satisfied



Scan Procedure II
• We use SPheno for the generation of the spectrum 

and decay tables 

• We randomly generate 22000 benchmark point 
assuming flat priors 

• Since higgsino mass eigenstates are nearly mass 
degenerate, we demand short lived higgsinos! 

• Take care that the decay modes are correctly 
implemented for NLSP higgsino decays, e.g. 
higgsino->pion LSP



Mass Spectrum
• The mass between the 

NLSP and the LSP must 
be at least above the pion 
mass 

• The heavier stop mass 
eigenstate is kinematically 
not accessible at the LHC 
run 1 

• The sbottom mass 
eigenstate is slightly 
heavier



Numerical Tools
• We generate gluino, stop and sbottom pair 

production 

• Higgsino pair production is negligible & is invisible 

• MC Events are generated with Pythia 8 

• For degenerate mass spectra, we generate 
matched events with Madgraph/Pythia 6 

• LHC constraints are tested with CheckMATE



CheckMATE

N. Desai, M. Drees, H. Dreiner, J.S. Kim, D. Schmeier, J. Tattersall, K. Rolbiecki



Our idea









Setting limits
• Many searches provides O, B, uncertainty on B, upper 

limits on signal S95 

• Directly compare S to 95% upper limit on signal S95 

• Calculate the ratio r=S/S95. If r>1: Excluded! 

• Choose signal region with strongest expected exclusion 

• Use its observed result to state “excluded” or “allowed” 

• Alternatively, calculate CL. If CL < 0.05: Excluded!



Numerical Results



General Results I
• We employ 12 searches with 159 SR 

• We want to be conservative and claim that a model point is excluded 
(allowed) if r>1.5 (r<0.67) with r=S/S95



General Results II



General Results III



General Results IV



General Results V



General Results VI



green (red) points are allowed (excluded)



gluinos up to ~1100 GeV can be excluded



stop masses up to 600 GeV can be excluded







Hidden scenarios
• The simplest (and most obvious) reason is a very small 

production cross section for heavy SUSY particles 

• Compressed spectra where the mass difference between 
the gluino/third generation scalar and the LSP is very small 

• Signal looks very similar to the top pair production process 

• Is the stop1 dominantly SU(2) singlet or doublet? 

• Asymmetric final states, e.g. one stop decays into top and 
the other to a b quark



A glimpse at 14 TeV
• In collaboration with K. Rolbiecki, R. Ruiz, T. Weber and J. Tattersall 

• we implemented official ATLAS high luminosity searches

Analysis Description ECM 
[TeV] lumi [fb^-1]

atlas_conf_2015_067 ≥3 bjets+MET 13 3.3

atlas_phys_2014_010_300 2-6 jets+MET 14 300

atlas_phys_2014_010_sq_hl 2-6 jets+MET 14 3000

atlas_phys_pub_2013_011 hadr. & lep. 
stop search 14 3000

atlas_phys_pub_2014_010_s
bottom 2b-jets+MET 14 3000



A glimpse at 14 13 TeV

assuming 20 inverse fb



A glimpse at 14 TeV

assuming 3000 inverse fb



Summary
• Natural SUSY satisfies the direct LHC constraints 

and can still be a solution of the little hierarchy 
problem 

• We have generated 22k model points 

• We derived “universal” limits @8TeV:  
mstop<230 GeV & mlguino<440 GeV excluded 

• We have performed a projection of the high 
luminosity phase (work in progress)




