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Why Supersymmetry

ØHierarchy problems.
ØSUSY GUT. 
ØVacuum stability naturally in SUSY at tree-level.
Ø  Possible dark matter candidate. 
Ø  Many possible baryogenesis mechanism. 
  ---Coincidence of DM and Baryon density.
ØRadiative EW symmetry breaking-driven by RGE.
ØPredictive-the 125 GeV Higgs favored by SUSY.
Ø  Possibly vanishing CC in SUGRA?    
Ø  Good properties: holomorphic in superpotential...



Nex t - to -M in i ma l  Su p er sy mm et r ic  S tan d ard  m o d e l

Ø Singlet extension of MSSM to solve the mu-problem

Ø The most general, renormalizable (R-parity preserving)  
superpotential

Ø Discrete Z_3 symmetry can forbide the dimensional terms
Ø  Easily accommodate the 125GeV SM-like Higgs by additional tree-

level contributions

Ø Relex the bounds on stop masses



Nex t - to -M in i ma l  Su p er sy mm et r ic  S tan d ard  m o d e l

 Soft SUSY breaking parameters:

Scalar potential:   non-trivial to trigger EWSB

Collapse of Z3 Domain 
wall can explain the 
Nano-HZ gravitational 
wave signals by 
NANOGrav. 

Fei, et al (2023) PRD



Or ig i n  o f  S of t  SUSY Bre a k in g  P a ram eter s



Gauge Mediated SUSY Breaking

Minimal Gauge Mediation:

Hard for 125 GeV Higgs



Anomaly Mediated SUSY Breaking

üA special case of gravity mediation---Most ubiqutious 

üCombination of Kahler mediation and gravitino mediation

üExpressions of the soft terms hold at every renormalization scale, exactly, to all
  orders in perturbation theory. RG-stable

üKeep the information of underlying AdS SUSY--m_{3/2}-inverse radius of AdS 
   space before SUSY breaking.

üAMSB is not due to any anomaly of SUSY itself, but due to
    the need to add local counterterms to preserve SUSY of the 1PI effective action.

Ø Unique input parameter in minimal AMSB:   
    m_{3/2}--inverse AdS radius & SUSY breaking 
Ø Too predictive!  ----Tachyonic slepton masses. 

Necessitate additional contributions.
Ø Flavor conservation



Anomaly Mediated SUSY Breaking

      Simplest derivation in the compensator approach 
 ---- assuming special sequestered form for 
      Kahler potential

RS-formalism



Deflected Anomaly Mediation

Ø  Deflect the AMSB Renormalization Group  trajectory by thresholds   
determined by VEV of light fields.

Ø  Natural with vector-like thresholds---non-decouple

Ø   Possible gauge mediation or Yukawa mediation contributions 
      (with interference terms of mAMSB)

Ø   Slepton masses can change into positive after RGE.

Ø  Natural with neutrino mass generation mechanism: 
    
 ---  Messengers:     Additional triplets or singlet within complete GUT multiplets

---  Interactions:     Couplings of lepton to such messengers



Neutr ino Seesaw Mechanism 



Type I I  Neutr ino Seesaw Mechanism-Non SUSY 

Consists of  SM Higgs                           and an             triplet scalar  

The most general renormalizable potential

The minimization condition for the scalar potential:

The neutrino mass:

Modify the ρ-parameter:                                                                                
     

         must less than           GeV .       Can be relaxed in Georgi-Machacek model.
                                                                                                                                      

independent of

The μ-term violates the 
lepton number by 2 unit.

For example, see Du &Fei Wang, 2409.20198



SUSY Type I I  Neutrino Seesaw Mechanism 

The superpotential involves two               triplets:
   ----- holomorphism of superpotential

Vanishing of F-terms for triplets gives:

Economical:    Tri-scalar couplings involving the triplets determined also by MT

Soft SUSY breaking parameters:

Subleading contributions
of order M_{SUSY} 

 Adopting universal boundary conditions for sfermions (such as mSUGRA),  non-vanishing LFV in the mass 
matrices of the left-handed sleptons will be triggered through radiative corrections

Spoil GUT---needs to be fiited int complete SU(5) representations.



Type I I  Neutrino Seesaw Mechanism in NMSSM 

The superpotential in type II+NMSSM

The scalar potential: The neutrino mass:

Questions:

1. What are the MT scale and  SUSY  breaking scale ?

2. LFV constraints?

Heavy mT as the 
messenger scale for 
deflected AMSB /GMSB

MSSM+type II--same difficulties as MSSM after the decouplings of triplets!  Go to NMSSM+type II model !

 Soft SUSY parametetrs still constribute to neutrino masses!       Large cancellation? Low mT large μor A-term ? 



Type-I I  Seesaw in NMSSM from GMSB/AMSB

Embedding into complete SU(5) representations 

Relevant superpotential:  

A

B

Trigger mixing between X and S 
Contribute a tadpole for S after SUSY 



Type-I I  Seesaw in NMSSM from GMSB

Ordinary GMSB realization of NMSSM----Origin of mu-term & explain Higgs mass!

Necessary condition for an absolute minimum  with

In general, needs large trilinear couplings

1. Ordinary GMSB predict vanishing 
A-terms at the messenger scale!

2.  S-gauge singlet !

Yukawa deflection contributions:  
                                           Messenger-matter type interactions!
  

Increase simultaneously A-term and 
mS

2,  still challenging for GMSB.

   Better with a tadpole for S. 

Chacko(2001),  Shih,JHEP (2013)



Deflection parameter
pseudo-moduli superpotential

Type-I I  Seesaw in NMSSM from dAMSB

AMSB-naturally large A-terms

Ordinary AMSB realization of NMSSM
        ---still non-trivial for successful EWSB 

Large Aλ, Aκ needs large λ and κ,  
induce large positive
suppressing the singlet VEV

Triplets act as messengers
   --messenger-matter contributions in AMSB
                    General discussions: see Fei Wang (2016)

New interactions involving Hu, Hd and triplets 
will lead to additional contributions to Aκ      

   ----easily EWSB even without S tadpole    √

New ingredients in deflected  AMSB:

2mS

Tachyonic slepton mass

Large  Aλ, Aκ



Numerical  Results-- -GMSB case

Large At--less BG  Fine-Tuning.

Higgs mass:



Numerical  Results-- -dAMSB 

    125 GeV  Higgs can be:
Lightest  (L) or next to Lightest (R) 
       CP-even scalar



üIf sfermion masses being universal at 
high energy, flavour conservation can 
be broken in the sfermion masses by 
radiative effects due to flavor-violating 
Yukawa couplings

üThe interactions that generate the 
neutrino mass also induce LFV in the 
slepton mass matrices by 
renormalization effects.

ü Sfermion masses no longer universal 
at messenger scale.

  Lepton Flavor Violation  constraints

DAMSB/GMSB-type SUGRA-type 

ü   Non-diagonal sfermion masses for 
each type at messenger scale!

ü   LFV interactions decouple with the 
decouple of messengers

ü  LFV effects from RGE suppressed,  
generated  beyond one-loop

ü  Relations of LFV processes from  
See Joaquim& Rossi,PRL (2006)



  Lepton Flavor Violation  constraints

GMSB prediction in our case

 Note: With messenger scale identified with the heavy 
triplet scalar scale, leading log contribution being 
negligible.

PMNS matrix:

For GMSB



IO

NO

  Lepton Flavor Violation  constraints

Similar discussions as for MSSM,   Joaquim& Rossi, NPB (2006) 



Conclusions

Ø Type II neutrino seesaw extension of NMSSM can  origin from 
dAMSB/GMSB.

Ø Combination of Type II seesaw with SUSY breaking mechanism in 
NMSSM can be advantageous.

Ø  The identification of messenger scale with triplet scale,  can be fairly    
predictive and non-trivial.

Ø  Can set constrains for SUSY breaking parameters by LFV constraints 
    (in addition to predictions on ratios of LFV processes). 

Ø  Need more LFV works for dAMSB.



Thanks!
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