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The hierarchy problem  (mis?)guided  BSM physics for  
the last 30 years.  
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Supersymmetry and naturalness 



4 

Traditional solutions fall into three categories :  
 
a)  low-energy supersymmetry (SUSY)   

 
b) strong dynamics (technicolor, RS, composite  
      Higgs scalar models) 
 
c) TeV strings/quantum gravity, with or without SUSY 
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      there should be new physics in the TeV range,  
      to keep Higgs naturally light ?  
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a) Supersymmetry is still the simplest and most  
elegant  solution to the hierarchy problem.  

Electroweak scale natural for light higgsinos,gluinos,stops 
and L-handed sbottom:  
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(More) Natural SUSY models: 
 
- Natural SUSY/inverted hierarchy/split families : 
light stops,gluinos,higgsinos (TeV)    
heavier 1,2 generations (10-15 TeV) 
-   Extended scalar and/gauge sector (ex: NMSSM)  
- RPV models (ex. baryonic RPV, operators UDD) 
- Dirac gauginos 
- Spectrum more degenerate/decays stealthy…    
 
(Less) Natural SUSY theories : 
- Mini-split/Spread SUSY models 
- Split SUSY models:  
- High-scale SUSY  

E. Dudas – E. Polytechnique, Scalars  2013 



SUSY hints from LHC searches and SM scalar mass : 
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- LHC direct SUSY searches and Higgs mass 
set new limits on superpartner masses for simple  
(simplified) SUSY models      
   Popular models: mSUGRA, CMSSM, minimal gauge  
mediation with TeV  superpartner masses have   
difficulties  in accomodating the data in a natural way .  
- However, from a UV viewpoint (supergravity, string theory), 
popular models are  unnatural. 
      It is important to theoretically analyze and experimentally  
search  for non-minimal SUSY models.  
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     Inverted hierarchy/Natural SUSY   
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An old scenario which became popular recently because 
of LHC constraints: 
- third generations squarks and gauginos in the TeV range 
(light stops). 
- First two generation scalars  much heavier (10-15 TeV).  
They affect little the tuning of the electroweak scale.  

 
This is  natural in flavor models and holographic constructions. 
   
1) Simplest example: U(1) gauged  flavor symmetry  
(Froggatt-Nielsen,79).  Quark mass matrices given by 

where typically   and  qi are charges 
  of left-handed quarks, etc.   
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Quarks masses and mixings are given by (                   ,etc) 

Good fit to to data  larger charges for the lighter generations 
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. 

scalar masses are of the form 

then an inverted hierarchy is generated. 
 
  

If  

Gauge anomalies            constraints on the charges 

F-term contributions 
to scalar masses. 

There are also D-term contributions, so 

This can be realized in explicit models  
(E.D.,Pokorski,Savoy;  Binetruy,E.D.; Dvali,Pomarol,94-96) 
Obs:  1-2 generations cannot be too heavy  
tachyonic stops (Pomarol,Tommasini;Arkani-Hamed,Murayama) 
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Nowdays, FCNC constrain seriously these models;  
need some degeneracy 1,2 generations.  
 

There is a challenge to explain simultaneously fermion 
masses and FCNC within one flavour theory !  

if not m > 100 TeV or so.  
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But then         squark mass not protected by the U(1) symmetry  m2
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2)  FCNC constraints are better  enforced by  
non-abelian symmetries.  
   
 A popular example: U(2) = SU(2) x U(1) flavor symmetry  
(Pomarol,Tommasini; Barbieri,Dvali,Hall…) 
-  1st,2nd generations : U(2) doublets, scalars degenerate 
- 3rd generation: singlet  
Here, FCNC are largely suppressed.  
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where                     and        are loop functions.    
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However, there are two problems : 
 
- One with the CKM elements: 

E. Dudas – E. Polytechnique, Scalars  2013 

- Another possible problem :              typically large. Then the  
 minimal natural SUSY spectrum with heavy        had  
 difficulties with RG running from GUT to EW scale           

~bR
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Possible to combine abelian+non-abelian flavor symmetries  
in a constructive way:   U(1) x D’_n, where D’_n is a discrete  
non-abelian subgroup of SU(2)  (DGPZ)    

Split spectrum from U(1) D-term  
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where 

We find 
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(Courtesy of M. Badziak) 
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Large stop mixing can be generated from RG running (M. Badziak et al, 2012; see 
also Brummer et al, 2012.) 
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Some issues model building: :: 

- Discrete subgroups         of U(2) avoid Goldstone bosons 
- Simplest working example: ,      with 12 elements  
     generated by 2 generators with 
      

On 2-dim. representations, they act as 

- Operators breaking SU(2), invariant under      appear 
usually at higher order in the lagrangian.  

Recent progress in string realization: Nilles et al, Camara et al…  
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Inverted hierarchy can also be realized in:         
- SUSY(SUGRA) RS 5d warped models  
- flavored (higgsed) gauge mediation.  

Natural SUSY/Inverted hierarchy in string theory ? 
 
- Anomalous U(1)’s in all string theories and F-theory, 
flavor dependent + additional discrete symmetries 
- Different localization of the third generation versus 
the first two ones: twisted/untwisted fields, varying fluxes  
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Bounds on « Natural SUSY » models 



                Conclusions 
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  The mechanism and  the scale of SUSY is THE  big unknown:   
split or even high-energy SUSY possible in string theory.    

  Popular SUSY models are more fine-tuned, more stringent 
limits on SUSY spectra from direct LHC searches and flavor 
physics constraints.    

  But there is no reason to reduce low-energy SUSY to its 
simplest examples: mSUGRA,CMSSM, mGMSB.  
  Most theories of fermion masses  generate flavor- 
dependent soft terms. Inverted hierarchy/natural SUSY arises 
naturally in Xtra dims. and string theory constructions. 
Probably necessary to combine ingredients from abelian and 
non-abelian discrete flavor symmetries.   
 Interesting to work out predictions: B, D physics. 
  



THANK YOU 
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