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• Suppose DSB sector preserves unbroken global symmetry 
G on a SUSY breaking vacuum

• Gauging subgroup and identify with SSM group 

• If a field (messenger) carrying a charge of the group 
contributes to SUSY breaking, the model is called direct-
type 

DSB
symmetry  G

Direct Gauge Mediation

G ⊃ SU (3) × SU (2) × U (1)

MSSM
gauge 

interaction



Challenge I

• Divergence of SU(3) coupling below the unification 
scale (Landau-pole problem)

m
GUT

Landau-Pole

1/g 2

• DSB in vector-like model is generic
[Intriligator-Seiberg-Shih `06]



Typical Feature

• Messenger masses have to be high scale to avoid the 
Landau-pole problem

• However, the ratio, SUSY breaking and the messenger 
scale, is fixed by soft SUSY breaking terms 

µ2

m
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• Since                 gaugino mass can be expanded

• In many direct gauge mediation models,            !

Challenge II

[ Izawa-Nomura-Tobe-Yanagida `97 ]

µ � m

mλ � g2
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m
(c + O(µ/m))

c = 0
 Light gaugino problem



• To avoid light gaugino, use a higher energy vacuum!! 
( called uplifted vacuum )

• general study why this works

• A metastable state is inevitable for direct gauge mediation

Leading order gaugino mass

[Komargodski-Shih `09]

[Giveon-Katz-Komargodski `09]
[Abel-Jaeckel-Khoze `09]

[Kitano-Ooguri-YO `06]



Avoiding Light Gaugino

• The fact that metastable state is inevitable for DGM is 
genuinely new understanding

• Before ISS-paper, nobody accepted a metastable state 
within SUSY breaking sector 



Kitano-Ooguri-YO `06

W = m0Q
I �QI + µ0Q
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• SU(Nc) SQCD in free magnetic range 

• SU(Nf-Nc)   SU(Nc)   U(1)B   U(1)P global sym.

• R-sym. is broken to Z2

I = 1, · · ·Nf −Nc, a = 1, · · ·Nc



Kitano-Ooguri-YO `06
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b = Qa �Qb

• Magnetic dual is SU(Nf-Nc) SQCD 
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Kitano-Ooguri-YO `06

• Not only one metastable state

n = 0, · · ·Nf ! Nc

[ Hanaki-Ibe-YO-Park: to appear ]



Gaugino mass

• on highest vacuum, n=0 superpotential is
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�
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m mz
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   is fermion mass matrixM

   At the leading order,  [ Giudice-Rattazzi `98 ]



Scalar mass

• roughly squark mass is given by

m2
s ∼ |F |2 ∂2

∂Φ∂Φ∗
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• Numerical coefficient is subtle because of deconstruction

• Messenger field            feel standard model charge after 
higgsing at the energy scale m

(ρ, ρ̃)

(ρ, ÷ρ) : gaugino mediation like

(Z, Z̃) : standard gauge mediation

• Hybrid gauge-gaugino mediation model

[ Green-Katz-Komargodski `10 ]



ISS-variants

• A feature shared by many ISS-variants is 
spontaneous global symmetry breaking, especially 
breaking of U(1)B symmetry

• It would be interesting to explore cosmological 
implications in light of this symmetry breaking

• A model-dependent feature but including various 
ISS-variants



• String theory does not allow a global symmetry, so it 
has to be either broken explicitly or gauged

• Assume an inflation sector, Hubble parameter during 
the inflation is larger than m  

Our assumption

Hinf ∼ 1014GeV > m > µ > T R



• Oscillation of a pseudo-Nambu-Goldston boson

• Solitons: cosmic string (ANO, semi-local vortices)

• Observation by gravitational wave in future experiment

Cosmological Aspect



PNGB 
(Pseudo-Nambu-Goldstone Boson)

• Nambu-Goldstone boson gets mass by explicit breaking 
(Plank suppressed operators)  

• PNGB is light when corresponding symmetry is broken by 
higher dimensional operator

• U(1)B is higher dimensional operator 

W =
1

MN c −3
pl

QN c



Pseudo-Nambu-Goldstone Boson

• From Planck suppressed operators, PNGB mass is given 
by

m = 1013[GeV],MP = 1019[GeV],

(Nc, Nf ) = (11, 16), Λ = 1016[GeV], µ = 109[GeV],

Sample

m2
PNGB !

Λ2Nc! Nf+3

MNc
P

mNf ! Nc! 1

mPNGB < O(1 keV)



Overclosing the Universe

• If there is charge conjugation symmetry, two-photon 
decay is forbidden

• In general, Planck suppressed operators break C-
symmetry, which allows us the decay channel

L eff !
1

16π2
δCbreak

Λ2Nc ! Nf

MNc ! 3
P

mNf ! Nc ! 4PFµν
!Fµν

[ Banks-Haber `09 ]



Overclosing the Universe

• Both process are highly suppressed, so PNGB is long 
lived ( longer than the age of the universe )

• Three-photon decay is allowed (highly suppressed by 

messenger scale)

Leff ∼ e3

m7
(∂! F"# )(∂#F$%)(∂

! ∂" F $%)P

[ Banks-Haber `09 ]



• When                      , PNGB starts oscillating. 

• It may dominate the energy density of the universe in 
radiation dominated era

Overclosing the Universe

H ∼ mPNGB
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• A simple way out is the gauged U(1)B symmetry

• topologicaly stable cosmic string is generated

• Cosmic strings loose energy by gravitational wave 
radiation and reconnection

• Scaling behavior (supported by simulations )

ρstr

ρtot
∼ GµT � 1

Cosmic String π1(G/H) != 0



Cosmic String

• DGM model constructed by ISS-variants, U(1)B breaking 
scale is related to the messenger scale

• In KOO model, Abrikosov-Nielsen-Olesen, Semi-local, 
non-abelian vortices exist

• There is fascinating chance to probe hidden sector by 
gravitational wave ! 

π1(G/H) != 0



Sensitivity of Future Experiment

• Future experiment of gravitational wave detection is 
strong Ωgw(hc)h2

• LISA, BBO can probe around m ∼ 1012 [GeV], 1011[GeV]

c

[Damour-Vilenkin `04 ]
T

10
−3

[Hz]

mobs ≤ m ≤ H inf



Conclusion

• new avenue of direct gauge mediation

• inevitability of metastable state in direct mediation

• PNGB-oscillation of U(1)B gives us a sever constraint 

• In ISS-variants, messenger scale has to be high and is 
related to tension of a cosmic string, which can be probed 
at future experiments


