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Gauge mediated SUSY breaking (GMSB)
SUSY is a broken symmetry in the vacuum state 

Supertrace theorem: 𝒮Tr(m2) = Tr(m2
S) − 2Tr(m2

f ) + 3Tr(m2
V) = 0

Dimopoulos, Georgi (1981)

Require loop effects (non-renormalizable)
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Gauge interactionDirect coupling

SUSY cannot be broken spontaneously at tree-level (renormalizable)

Dine, Fischeler, Srednicki (1981)
Dine, Nelson (1993)
Dine, Nelson, Shirman (1996)
Giudice, Rattazzi (1999)
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Minimal Gauge mediation : Higgs mass of                  requires heavy stops/ maximal 
mixing   

∼ 125GeV

Δm2
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4π2

m4
t

v2
ln

m̃t1m̃t2

m2
t

+
X2

t

m̃t1m̃t2 (1 −
X2

t

12m̃t1m̃t2 )
Xt = At − μ cot β

A terms are zero, stops must have masses > 𝒪(10TeV)

One possible extension: Flavored gauge mediation

Motivation:

• This Higgs-messenger mixing is governed by an imposed symmetry

• New messenger Yukawa superpotential coupling terms

eg.  benchmark model by Ierushalmi et al. (2016) U(1)

• Idea:  doublet messengers mix with MSSM Higgs SU(2)L Hu,d

eg.

Flavored Gauge Mediation (FGM)
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FGM with discrete non-Abelian symmetry 𝒮3
• More constraining and thus more predictive

•  is often used in generation of fermion masses𝒮3
Perez, Ramond, Zhang (2012)

• : Higgs-messenger symmetry + part of family symmetry𝒮3

• Extension of Higgs-messenger sector:   and  can be tuned separatelyμ Bμ
• In the basis 

Superpotential  (eg. up quarks)

Extend PRZ’12 work for 2-family scenario to 3 families:

mailto:eu@wisc.edu


eu@wisc.edu PIKIMO 2022 5

FGM with 𝒮3

• Our goal:  Achieve realistic quark mass hierarchy at leading order 

Case 1: Case 2: 

Classification: Different paths to hierarchy

• Singlet-dominated limit 

• Democratic limit 

• Doublet-dominated limit

Two different orderings:

Need extra structures—relations among  βiu
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Case 1: Democratic limit 
• All coefficients are equal: 

Eu, Everett, Garon, Leonard (2021)

• MSSM Yukawa matrix: 

• At leading order: 2 vanishing eigenvalues + an  eigenvalue (3rd gen.)𝒪(1)

Everett, Garon (2018)

• Flavor democratic mass matrix with  symmetry𝒮3L × 𝒮3R

Generate non-zero 1st and 2nd gen. fermion masses:

𝒮3L × 𝒮3R ⇒ 𝒮2L × 𝒮2R ⇒ 𝒮1L × 𝒮1R

These terms can be generated via renormalizable& non-renormalizable superpotential couplings

3 non-vanishing eigenvalues

Xing (1996)
Fritzsch, Xing (2000)

6
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Estimation of relative strength of  and ϵu,d,e σu,d,e

• Diagonalizing MSSM Yukawa using biunitary diagonalization:

Keep to appropriate subleading orders

• Quark masses: Yukawa couplings multiplied by the appropriate Higgs VEV

where                                                    ,  

• Use the known fermion masses to find the relative strength of the parameters 
and examine their effects on sparticle spectra
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Estimation of CKM matrix elements

• Using the approximation of unitary matrices up to order ϵ4σ2

• Reasonable estimate compared to experimental data:

PDG (2020)

8
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Effects of perturbations 

σu,d,e : Δmd̃1,2
= 0.01 → 1GeV

σu,d,e : Δmũ4,5
= 0.01 → 1GeV

ϵu : Δmũ1,2
= 0.02 → 70GeV

ϵu : Δmd̃1,2
= 0.02 → 25GeV
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Example mass spectrum
MMess = 1012GeV, Λ = 8.1 × 105GeV, tan β = 10

ϵu = 0.033, ϵd = 0.108, ϵe = 0.281

σu = 0.001, σd = 0.009, σe = 0.008
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Example mass spectrum (continued)

• No mixing of flavor eigenstates when there is no perturbation added
• Generational mixing& small left-right mixing

MMess = 1012GeV, Λ = 8.1 × 105GeV, tan β = 10
ϵu = 0.033, ϵd = 0.108, ϵe = 0.281

σu = 0.001, σd = 0.009, σe = 0.008
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Full Parameter Space Scans

Higgs mass 
(black shading)

Lighter gluino& 
 masses with 

perturbations
ẽ1
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Flavor Constraints (SUSY Flavor problem)
• Flavor changing mixing in sfermion mass matrices  FCNC⇒

eg. Super-CKM squark mass squared matrix

• Non-degenerate squark masses but not strongly hierarchical  MIA⇒

  : quark flavor
    : up/ down quark superfield sector

: superfield chirality

I, J
Q
X, Y

Mass Insertion Approximation (MIA):

•  predicted in our models are well bounded |(δQ)IJ
XY|

Loose bounds since the constraints scale with squark masses (heavy squarks )
Mass insertion is proportional to mass difference between squarks which are small
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Summary
So far we have …
• Built models with 3 massive quarks consistent with SM quark masses, with 

enhanced  symmetry.
• Achieved reasonable estimation of CKM in Case 1 democratic model
• Explored SUSY parameter space in Case 1 democratic model
• Related SUSY breaking and flavor symmetry breaking with the same 

symmetry group 
• Shown that our models with flavor mixing satisfy FCNC constraints
• For Case 1 democratic model, spectra remain heavy
• Gravitino can be plausible dark matter candidate

𝒮3L × 𝒮3R

𝒮3
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Backup: S3 symmetry

16

• Permutation Group on three objects

• Three irreducible representations:
The singlet , a one-dimensional representation , a doublet 1 1′￼ 2

• Tensor products:
1 ⊗ 2 = 2, 1′￼⊗ 2 = 2, 2 ⊗ 2 = 1 ⊕ 1′￼⊕ 2

• Possible singlet representation obtained:
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Backup: Higgs Messenger Fields and Rotational Matrix

17

• Higgs-Messenger field with  quantum number𝒮3

• The unitary rotational matrices:

• Higgs-messenger fields in terms of MSSM Higgs doublets and messenger 
doublets:
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Backup: Addressing  problemμ/b

18

Use the expression for Higgs-messenger fields and:

We can get:

For simplicity, choose :ϵ′￼′￼= ϵ, ϵ′￼= 1
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Backup: Addressing  problem (cont.)μ/b
Eigenvalues of  and :𝕄 𝔽

Build in eigenvalues hierarchy:

Choosing

We get:
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Backup: Classification of models

20

• Yukawa matrix:

• Biunitary diagonalization of its Hermitian combination: 

• Eigenvalues found:

Case 1: 

• democratic limit:
• singlet-dominated:  

Case 2: 

• Doublet dominated limit
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Backup: Soft mass terms for democratic limit (no perturbation)

21

• We have matrix structures of the following general form:
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Backup: Soft mass terms for democratic limit (with perturbation)

• Difference: nonzero 23 and 32 entries (equal) generated at the first order of :ϵ
• eg. (only some soft mass terms with  are shown here)ϵ

• In actual codes, take into account relative strength between all perturbation 
parameters, subleading terms included:
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Backup: Generation of superpotential terms

23

• eg.  perturbation for up quarks can be generated by renormalizable couplings:ϵ

• eg.  perturbation for up quarks can be generated by non-renormalizable couplings:σ

Adding two flavons  in doublets representation of :ϕ, ϕ2 𝒮3

separately tune θ =
π
2

, θ2 = π
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Backup: Muon g-2

24

• Contribution coming from smuon-sneutrino and sneutrino-chargino loops (significant):

Using , m̃ ≈ 1000GeV tan β = 50

• Current experiment bound:

• Need detailed analysis including all relevant loop diagrams and other 
contributions including ( ), ( ), ( )…χVH t̃γH b̃γH
To be done using GM2Calc

Stockinger (2006)
Carena et al (1996)
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