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A light singlet at the LHC and  DM 



v  Well motivated R-symmetric SUSY model  
v  SUSY flavor problem relaxed, Dirac gauginos and higgsinos 

v  Extended Higgs sector with unconventional phenomenology 

v  Viable benchmarks with 
Ø  ~ 125 GeV  Higgs boson mass 

Ø  agreement with EWPO and flavor physics 
Ø  stable vacuum 

v  Scenario with a light singlet is very predictive 

Ø  consistent with LHC constraints 
Ø  viable candidate for dark matter      

Ø   some states light and could be seen at the LHC  
 

   Summary 
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   Outline  

Based on papers JHEP 1412 (2014) 124,  Adv. HEP (2015) 760729,  
JHEP 1603 (2016) 007,  Acta Phys.Polon.B (2016) 203, PoS LL2016, 012. 



   Minimal supersymmetry  

ü  Solves hierarchy problem 
ü  LSP can be DM candidate 

Expect  some SUSY states directly to show up at LHC  



     Experimental searches  



     Going beyond the MSSM  
LHC Run 2 on-going: so far no sign of SUSY 
 

Possibilities: 

Ø  No supersymmetry 

Ø  Non-minimal SUSY 

•  More Higgs – NMSSM, THMSSM, ... 
•  More gauge – USSM, E6SSM, BLSMMS, ... 
•  Less symmetry – RPV, split SUSY 
•  More symmetry – R-symmetry, … 
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Our choice è R-symmetry 



   R-symmetry 

 For N=1 SUSY it is a continuous U(1) global symmetry under  

� ! ei��

i.e. Grassmann coordinates have non-trivial R-charge   

R(�) = +1, R(d�) = �1, R(�̄) = �1, R(d�̄) = +1

superfields X̂i(x
µ, �, �̄) ! ei⇥i� X̂i(x

µ, ei��, e�i��̄)

è component fields have different R-charge 

[Chamseddine&Dreiner ‘95,..]  

Additional symmetry allowed by Haag-Łopuszański-Sohnius Theorem 

R-symmetry almost as old as SUSY itself 

[Fayet ‘76; Salam & Strathdee ‘76 , ...]  



   Symmetry or Parity ? 



   R-symmetry 

Lagrangian has to be invariant under � ! ei��

vector superfield 

 are automatically R-symmetric 

R(Ĝ) = 0 ) R(Gµ) = 0, R(G̃�) = 1

R
d2� d2�̄ �̂† e�2gĜ�̂+ (

R
d2� Ĝ�Ĝ� + h.c.)

Ĝ↵ ⇠ D̄2 D↵Ĝ

Ø  Kinetic terms  

Ø  Superpotential                              must have R=2 
R
d2� W

Ø  Soft breaking terms                must have R=0 



   R-sym: consequences for model building 

matter 

Higgs R(Ĥ) = 0 ) R(H) = 0, R(H̃) = �1

R(Q̂) = 1 ) R(q̃) = 1, R(q) = 0

Ø  soft gaugino masses      R(              )=2            forbidden   MG̃G̃
�G̃�

Ø   freedom to assign the R-charges to chiral superfields  

MRSSM:    SM particles have R=0, superpartners R=0 / 

[Kribs Poppitz Weiner 2007] 

other choices:  Frugiuele, Gregoire  
Frugiuele, Gregoire, Kumar, Ponton 
Davies, March-Russell, McCullough 
Riva, Biggio, Pomarol  



   R-sym: consequences for model building 

terms allowed: 

ydĤdQ̂D̂c

M2
q̃ |q̃|2

superpotential:      Yukawa 

soft terms:            scalar masses     

also ΔL=2 Majorana neutrino mass                    allowed    



   R-sym: consequences for model building  

terms allowed: 

ydĤdQ̂D̂c

M2
q̃ |q̃|2

superpotential:      Yukawa 

soft terms:            scalar masses     

also ΔL=2 Majorana neutrino mass                    allowed    

terms forbidden: 

mu-term 

L- and B-violation 

tri-linear  couplings 

Majorana  masses 

µĤdĤu

L̂Q̂D̂c

MG̃G̃
�G̃�

superpotential  

soft terms:   



   R-sym: consequences for model building  

Good: R-symmetry ameliorates SUSY flavor problems by removing  

v   dim-4 B- and L-violating terms, and dim-5 in proton decay        

v   soft tri-linear scalar couplings 

v   some MSSM contributions to flavor-violating observables forbidden 



   R-sym: consequences for model building  

mu-term and Majorana masses are forbidden,  
   need new means to give masses to gauginos/higgsinos  

v  Solution for gauginos: Dirac masses  

where       from vector ,   and            from additional chiral superfield 

Need chiral superfields in adjoint representations: 

v  Solution for higgsinos:   

Need two chiral superfields with R=2:  

Good: R-symmetry ameliorates SUSY flavor problems by removing  

v   dim-4 B- and L-violating terms, and dim-5 in proton decay        

v   soft tri-linear scalar couplings 

v   some MSSM contributions to flavor-violating observables forbidden 

But: 



   MRSSM 

R-charges of the superfields and their component fields 

[Kribs Poppitz Weiner 2007] 
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 gauge-adjoint scalars (e.g. sgluons) 
 and R-Higgs bosons  



R=0 |R|=1 

R=2 

   MRSSM 



    MRSSM Lagrangian 

Superpotential 

soft SUSY breaking terms 



    Mass spectrum calculations 

Philip Diessner, JK, Wojciech Kotlarski, Dominik Steckinger 

JHEP 1412 (2014) 124,  Adv. HEP (2015) 760729, JHEP 1603 (2016) 007,  



Can the MRSSM accomodate the Higgs mass, EWPO and LHC constraints?  

   MRSSM confronting experiment  

First option: 125 GeV Higgs – the lightest state 



   Higgs boson mass 

always lower than in the MSSM due to mixing with S and T 

             In MRSSM the lightest Higgs at tree level: 



Higgs sector at one-loop level and beyond 



   Lightest Higgs and PO observables 

Getting 125 GeV Higgs and PO  not obvious because: 
 
Ø  mixing with other states lowers the tree level mass  
                            needs even larger radiative corrections than in MSSM 
Ø  no LR stop mixing – an important MSSM mechanism to rise  
                                 the Higgs mass is not present  
Ø  the vev of the EW triplet contributes to the rho parameter at tree-level 

Ø  the W mass (and other PO) affected by loops 

Ø  LHC and flavor constraints   



   Lightest Higgs  

New Yukawa-like couplings 



   Lightest Higgs   

Ø  125 GeV Higgs for  

                 without stop mixing 

Ø  light stops possible  

Ø  dominant two-loop ~ 5 GeV 

⇤,� ⇠ �1



   W mass – full one-loop level 

Beyond tree-level  

we get the master formula of Degrassi, Franchiotti, Sirlin (1990)   

need to calculate                                at one-loop level  



   W mass – full one-loop level 



Benchmarks: 

tan� = 3, 10, 40

   W mass – full one-loop level 



Can the MRSSM accomodate the Higgs mass, EWPO and LHC constraints?  

   MRSSM confronting experiment  

Diessner, JK, Kotlarski, Stockinger, JHEP 1412 (2014) 124 

First option: 125 GeV Higgs – the lightest state 

Diessner, JK, Kotlarski, Stockinger, Adv. HEP (2015) 760729  



Can the MRSSM accomodate the Higgs mass, EWPO and LHC constraints?  

   MRSSM confronting experiment  

Diessner, JK, Kotlarski, Stockinger, JHEP 1412 (2014) 124 

First option: 125 GeV Higgs – the lightest state 

Diessner, JK, Kotlarski, Stockinger, Adv. HEP (2015) 760729  

Second option: 125 GeV Higgs – the next-to-lightest state 

Diessner, JK, Kotlarski, Stockinger, JHEP 1603 (2016) 007 

For the second-lightest, mixing with other fields  
          pushes the tree-level mass upwards 



Light singlet scenario 



   MRSSM with a light singlet 

Ø  In large                     limit, the                  mass submatrix  

Ø  to realise light singlet scenario  

Ø  then the SM-like Higgs at tree level 

tan�, MA (�u,�S)



   MRSSM with a light singlet – one loop 

level crossing of two  
lightest Higgs bosons 



   MRSSM with a light singlet – one loop 

LHC and PO constraints 

è light fermion - LSP 



   Light singlet – mass spectrum 



   MRSSM dark matter – direct detection 

Dirac LSP: cross section dominated by 
      vector part of Z and squark exchange  

[Buckley, Hooper, Kumar 2013] 



   MRSSM dark matter – relic density 

Annihilation cross section large enough if: 

> resonant s-channel via Z exchange 

> t channel stau exchange for light tau’s  

Used micrOMEGAs and LUXcalc 



   Light singlet: very predictive scenario  

ü  125 GeV Higgs fixess  
ü  If light singlet found at the LHC: constrains    
ü  Fermionic superpartner is LSP 
ü  DM constrains put redictions for squark masses 
ü  Predictions for other electroweakinos  



v  Well motivated R-symmetric SUSY model  
v  SUSY flavor problem relaxed, Dirac gauginos and higgsinos 

v  Extended Higgs sector with unconventional phenomenology 

v  Viable benchmarks with 
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v  Scenario with a light singlet is very predictive 
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v  Well motivated R-symmetric SUSY model  
v  SUSY flavor problem relaxed 

v  Extended Higgs sector with unconventional phenomenology 

v  Viable benchmarks with 
Ø  ~ 125 GeV  Higgs boson mass 

Ø  agreement with EWPO and flavor physics 
Ø  stable vacuum 

v  Scenario with a light singlet is very predictive 

Ø  consistent with LHC constraints 
Ø  viable candidate for dark matter      

Ø   some states light and could be seen at the LHC  
 

   Summary 

Many things to do: rich phenomenology to explore 



Backup 



benchmarks: 

one loop 



benchmarks: 

including two-loop corr. 

⇤u reduces to 

one loop 



benchmarks 

BMP1 BMP2 BMP3 



benchmarks for 
light singlet 
scenario 




