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Gauge Mediation  

An attractive scenario to mediate SUSY breaking
to the MSSM sector

MSSM
SUSY 

Breaking Messenger 

gauge 
interaction

SU(3), SU(2), U(1)
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Some drawbacks of  gauge mediation:

•Absence of  thermal relic dark matter 

•Cosmological gravitino problems

•Artificial messenger sector
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Introduction
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Some drawbacks of  gauge mediation:

•Absence of  thermal relic dark matter 

•Cosmological gravitino problems

•Artificial messenger sector

We attempt to solve these problems by:

Low Scale Direct Gauge Mediation
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Theoretical elegance 

Ordinary gauge mediation

MSSM
SUSY 

Breaking Messenger 

gauge 
interaction

SU(3), SU(2), U(1)
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Low Scale Direct Mediation
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Theoretical elegance 

Direct gauge mediation

MSSM
SUSY 

Breaking 

gauge 
interaction

SU(3), SU(2), U(1)
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Low Scale Direct Mediation
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Theoretical elegance 

Direct gauge mediation

MSSM
SUSY 

Breaking 

gauge 
interaction

SU(3), SU(2), U(1)

We need only a single SUSY breaking scale :      Λ
(We assume this.)
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Low Scale Direct Mediation
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Phenomenological Advantages

MSSM soft mass
SUSY breaking scale

Λ ∼ 100 TeV
msoft ∼

g2
SM

16π2
Λ ∼ 1 TeV
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Low Scale Direct Mediation

9

Phenomenological Advantages

MSSM soft mass
SUSY breaking scale

gravitino mass

Λ ∼ 100 TeV
msoft ∼

g2
SM

16π2
Λ ∼ 1 TeV

m3/2 ∼
Λ2

MPlanck
∼ 1 eV
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Low Scale Direct Mediation
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Phenomenological Advantages

MSSM soft mass
SUSY breaking scale

gravitino mass

Λ ∼ 100 TeV
msoft ∼

g2
SM

16π2
Λ ∼ 1 TeV

m3/2 ∼
Λ2

MPlanck
∼ 1 eV

Free from gravitino problem
m3/2 < 16 eV [Viel et al., 2005]
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Low Scale Direct Mediation
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Phenomenological Advantages

MSSM soft mass
SUSY breaking scale

gravitino mass

hidden sector particle mass

Λ ∼ 100 TeV
msoft ∼

g2
SM

16π2
Λ ∼ 1 TeV

m3/2 ∼
Λ2

MPlanck
∼ 1 eV

mhid ∼ Λ ∼ 100 TeV

Free from gravitino problem
m3/2 < 16 eV [Viel et al., 2005]
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Low Scale Direct Mediation
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Phenomenological Advantages

MSSM soft mass
SUSY breaking scale

gravitino mass

hidden sector particle mass

Λ ∼ 100 TeV
msoft ∼

g2
SM

16π2
Λ ∼ 1 TeV

m3/2 ∼
Λ2

MPlanck
∼ 1 eV

mhid ∼ Λ ∼ 100 TeV

Free from gravitino problem
m3/2 < 16 eV [Viel et al., 2005]

Strongly coupled 
dark matter candidate
[Dimopoulos et al., 1996]
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Low Scale Direct Mediation
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Strongly coupled SUSY breaking sector with a single 
mass scale                          is very attractive !Λ ∼ 100 TeV

SUSY breaking sector
with Λ ∼ 100 TeV

MSSM soft mass

No gravitino problem

Strongly coupled
thermal relic dark matter

We want to construct a model realizing this scenario.
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Model (SUSY breaking)
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The SUSY breaking model  
[Izawa,Takahashi,Yanagida,KY,2009]

matter:

SU(NC) gauge theory

quarks:

singlet: S (NQ ×NQ)

�
Q, Q̃ (NQ flavor)
P, P̃ (NP flavor)
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Model (SUSY breaking)
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The SUSY breaking model  
[Izawa,Takahashi,Yanagida,KY,2009]

matter:

SU(NC) gauge theory

quarks:

singlet: S (NQ ×NQ)

tree level superpotential:

Wtree = λSQQ̃ + mP PP̃

�
Q, Q̃ (NQ flavor)
P, P̃ (NP flavor)
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Model (SUSY breaking)

17

The SUSY breaking model  
[Izawa,Takahashi,Yanagida,KY,2009]

matter:

SU(NC) gauge theory

quarks:

singlet: S (NQ ×NQ)

tree level superpotential:

Wtree = λSQQ̃ + mP PP̃

The only mass scale

�
Q, Q̃ (NQ flavor)
P, P̃ (NP flavor)
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Model (SUSY breaking)
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energy scale

coupling

fixed
point

mP

SUSY

SUSY is broken at the scale mP

Strongly coupled
conformal fixed point
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Model (Gauge mediation)
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matter:

SU(NC) gauge theory

quarks:

singlet: S (NQ ×NQ)

�
Q, Q̃ (NQ flavor)
P, P̃ (NP flavor)
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Model (Gauge mediation)
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matter:

SU(NC) gauge theory

quarks:

singlet: S (NQ ×NQ)

�
Q, Q̃ (NQ flavor)
P, P̃ (NP flavor)

SU(NC)gauge × SU(NP )flavorP, P̃ : Bi-fundamental of
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Model (Gauge mediation)
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matter:

SU(NC) gauge theory

quarks:

singlet: S (NQ ×NQ)

�
Q, Q̃ (NQ flavor)
P, P̃ (NP flavor)

SU(NC)gauge × SU(NP )flavorP, P̃ : Bi-fundamental of

SU(NP )→ SU(5)GUT

(NP = 5)
:gauge mediation
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Model (Gauge mediation)
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matter:

SU(NC) gauge theory

quarks:

singlet: S (NQ ×NQ)

�
Q, Q̃ (NQ flavor)
P, P̃ (NP flavor)

SU(NC)gauge × SU(NP )flavorP, P̃ : Bi-fundamental of

SU(NP )→ SU(5)GUT

(NP = 5)no Landau pole
problem

NC = 4 :

:gauge mediation
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Model (Dark matter)
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Hidden sector accidental “baryon” symmetry 

quarks Q,P : +1

anti-quarks Q̃, P̃ : −1

singlets S : 0

U(1)hid
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Model (Dark matter)
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Hidden sector accidental “baryon” symmetry 

quarks Q,P : +1

anti-quarks Q̃, P̃ : −1

singlets S : 0

U(1)hid

The lightest particle charged under               is stable.U(1)hid

Dark matter candidate
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Summary
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•Direct gauge mediation with a single mass scale is 
  very attractive.

Strongly coupled 
SUSY breaking sector
with Λ ∼ 100 TeV

MSSM soft mass

No gravitino problem

Strongly coupled
thermal relic dark matter

•We have constructed a model realizing the above              
  scenario.
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