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Standard Model

Extension of the Standard Model



Standard Model + New heavy particles 
(Supersymmetry, …)

+ New light particles 
(Dark photon, …)

Extension of the Standard Model



Many studies on the dark photon in 
the Supersymmetry framework.


Yet, focus was on the small kinetic 
mixing ( ) scenario.ϵ

Supersymmetry + Dark photon



Dark photon parameter space
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Kinetic mixing  is severely constrained by many experiments. 
Dark photon effects in the supersymmetry were somewhat limited. 

ϵ
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In the massless limit,  is unconstrained unless there are dark sector 
particles with induced (milli) electric charges. The kinetic mixing can 
be rotated away by field redefinitions, without mass mixing.
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Dark photon parameter space



My PhD thesis in Madison (2005): “Phenomenology of the -extended MSSM”U(1)′ 

This work: 

GMSB scenario extended by U(1) dark gauge symmetry       
with large kinetic mixing allowed by the massless dark photon



Massless dark photon in SUSY

Supersymmetric kinetic mixing of  and U(1)B U(1)dark



Massless dark photon in SUSY

Supersymmetric kinetic mixing of  and U(1)B U(1)dark



Gauge interaction after kinetic diagonalization

Hypercharge is effectively modified by the kinetic mixing.

Gauge interaction terms
(our basis)



Soft mass terms in Dark GMSB

The messengers ( , ) are charged under the SM and dark gauge 
symmetries. They couple to the dark photon ( ) and dark photino 
( ), which mix with  and  with large kinetic mixing, giving 
additional contribution to scalar masses and neutralino masses.
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The effect of  appears 
as the hypercharge 
shift for the messenger 
fields.
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Slepton spectrum

YL = − 1/2, YeR
= − 1



EWSB

The scalar potential of neural Higgs fields

At the potential minimum, EWSB dictates

 and  are also altered in Dark GMSB.m2
Hu

m2
Hd



In Dark GMSB, required  values for the EWSB depends on . 
Thus,  is constrained by the EWSB condition (from ).                              
(It does not solve the -problem.)

|μ | ϵ
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(F/Mmess = 800 TeV, Mmess = 1200 TeV, tan β = 15)
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Dark photino ( ) / Bino ( ) massesX̃ B̃

Hypercharge shift for the 
messenger fields



Neutralino mass matrix

 can be very light (e.g. 10-20 GeV).Ñ0



Exotic Higgs decay

The invisible  decay signal could be probed 
in future Higgs factory (e.g. ILC).

h(125) → Ñ0Ñ0



Summary

Supersymmetry + U(1) is always an interesting extension of the SM.


Dark GMSB with large kinetic mixing, allowed by a massless dark 
photon leads to significant changes in the superpartner spectrum from 
conventional GMSB.

- Thank you -



back-up



Massless dark photon

For massless X case,  is free to choose.ω
For massive X case,  is determined to keep B massless.sin ω = − ϵ





Dark GMSB Spectrums



NLSP ( ) decay rateÑ0



Reheating temperature vs lightest messenger mass



Landau poles constraints

In the grey region, the Landau poles appear below 100 .Mmess



In the dark GMSB, light Higgs mass variation is less than O(0.1) 
GeV when considering constraints on  and  from EWSB.gD ϵ

Higgs mass


