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•  Altered EWSB 

Rigid structure 

•   D-terms in sfermion masses 

•   RGE effects 
( with exotic matter) 

 [PA, SFK, DJM, SM, RN,  PRD 80, 035009 (2009)]  

Soft mass fermion 
mass 

Aux. D term 
contribution 

Z’ mass sets scale for sfermions and non-SM like Higgs states  

Impact on Mass Spectra 

U(1) models link SUSY and 
EWSB  scales with Z’ mass   

gives large fine tuning 
 
see also talk by Dylan Harries    

   

[PA, King, Binjonaid PRD No.11, 115023]  
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Is simple but 

A simple idea 

Is there a new signature associated with this mechanism? 

has more renormalisable interactions 

Very similar to the NMSSM because we added pure gauge singlet 

PQ -symmetric PQ - breaking 

As in the NMSSM small breaking of the PQ symmetry   

Very light pseudoscalar 

Signature can appear with Higgsino LSP 



USSM Chiral Superfield Content 

Problem:  to avoid gauge anomalies                                  etc                               

Charges not specified in the definition of the USSM 

[M. Cvetic, D.A. Demir, J.R. Espinosa, L. Everett, P. Langacker ] 



E6 inpsired models Chiral Superfield Content 

Complete E6 multiplets of matter  
anomalies are automatically cancelled! 

[King, Moretti, Nevzorov, PRD 73, 0305009] 



E6  inspired model 
• Take concrete example:  
             E6SSM variant with an exact custodial symmetry 

[R. Nevzorov  PRD 87, 015029]   



E6  inspired model 
• Take concrete example:  
             E6SSM variant with an exact custodial symmetry 

[R. Nevzorov  PRD 87, 015029]   

• Add extra singlets for mechanism  
       Superpotential 



E6  inspired model 
• Take concrete example:  
             E6SSM variant with an exact custodial symmetry 

[R. Nevzorov  PRD 87, 015029]   

• Add extra singlets for mechanism  
       Superpotential 

 Gauge group 

Extra U(1) from E6  
breakdown 



E6  inspired model 
• Take concrete example:  
             E6SSM variant with an exact custodial symmetry 

[R. Nevzorov  PRD 87, 015029]   

• Add extra singlets for mechanism  
       Superpotential 

 Gauge group 

Extra U(1) from E6  
breakdown 



Higgs signature is observed could indicate exotic matter nearby  

E6  inspired model 

5 CP even Higgs states 

At low energies many new states in addition to Z’  

• Exotic colored states from SU(3) triplets  

Detection of exotic matter helps distinguish from NMSSM 

• Extra weakly interacting matter SU(2) states 

Extra Higgs-like and neutralino-like sectors decoupled 
from the Higgs and neutralino states  

Two dark matter candidates 

• Enlarged Higgs and neutralino sectors 

3 CP odd Higgs states   

8 neutralinos 

5 EWSB conditions to solve 
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• Full one-loop Self energies and tadpoles  obtained with 
FlexibleSUSY/SARAH   

• Leading two-loop corrections for NMSSM-like  CP even and CP 
odd Higgs states with  FlexibleSUSY using files of P. Slavich  

[G.Degrassi and P.Slavich,  Nucl.Phys.B  825, 119]  



The full expression for 
coupling G is a page long! 

Pseudoscalar decay rate 

• For our signature we really need: 



The full expression for 
coupling G is a page long! 

Pseudoscalar decay rate 

• For our signature we really need: 



Pseudoscalar decay rate 

M
as

s 
(G

e
V

) 

BM1 Sub-Tev Higgs and gauginos 



Pseudoscalar decay rate 



Pseudoscalar decay rate 



Conclusions 
• Usual U(1) extended SUSY models have very rigid structure 

• Limits on Z’ mass imply large fine tuning 

• There is a mechanism to split Z’ from SUSY breaking scale 

• Removes tension between Z’ and EW scales 
  (may help with naturalness) 

• Adding this mechanism to U(1) extensions allows a new  
Non-standard Higgs decay:   

• Same signature as in NMSSM but with Higgsino LSP 

• Observation in Higgs sector may indicate more new physics nearby 

• Exotic matter needed to cancel anomalies can distinguish from 
NMSSM 
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