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  Dark Matter = SM Skyrmion:
                        I=J=0 Bound State of NG 
modes  
                        of  SM Higgs Field (WL,ZL)

  SM Higgs =  (Pseudo) Dilaton; NG Boson 
of   
                       Scale Sym 

Main Message



! Standard Model Higgs as a Pseudo-
dilaton

! Composite “Rho” as Dynamical Gauge 
Boson of Hidden Local Symmetry in 
the Standard Model 

! Skyrmion as a Composite Dark Matter 
in the Standard Model
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Discovery of 
 125 GeV Higgs





Standard Model is incomplete  
(besides Origin of Mass)

! No Dark matter candidate
! Baryogenesis: KM CP violation not 

enough,           
                                  No 1st order phase 
transition 
! Strong CP Problem: neutron EDM
! Landau Pole (at least theoretically for 

Higgs)
! Naturalness Problem 
! …      
        

Beyond the SM ? 
Our Ignorance of the Nonperturbative Physics of SM ? 



Nonperturbative in SM? 
Perturbative SM so successful  

Weak coupling does not imply that perturbation is a whole story

•  Sphaleron exists for both electroweak/Higgs coupling weak
•  Instanton exists for even small gauge coupling - theta vacuum
•  ’t Hooft-Polyakov monopole in the Georgi-Glashow model
     exists even in the vanishing scalar coupling (BPS limit)
•  Skyrmion exists in the chiral Lagrangian with the Skyme term 
     generated at one-loop for the derivative coupling weak in 
     the low energy
•                                     is not Taylor expandable in coupling 
    no matter how small at high energy: 
    scale of nonperturbative dynamics
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SM Higgs = Pseudo- Dilaton
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   SM Higgs = (Pseudo) 
Dilaton
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Low Energy Theorem for Scale Sym.

Ex.
Couplings to SM particles
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(also from low energy theorem for G/H)



fo (500) is dilaton?



Hidden Local Symmetry in SM



G/H � Gglobal �Hlocal

Gauge equivalence

H = Hglobal + Hlocal � G
Gauge fixing

Gauge boson : auxiliary 
field

Bando-Kugo-Uehara-KY-Yanagida PRL,54( 1985) 1215
Bando-Kugo-KY, NP B259 (1985);493
                            Phys. Rep. 164 (1988) 217
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2 independent invariants underGglobal �Hlocal



Gauge fixing (unitary gauge)  

0

Gglobal �Hlocal G/H (Higgs Mechanism)

Eq. Motion





Dynamical Generation of HLS
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Ltree(�) = Ltree(�, �µ)
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Large Nf
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Skyrmion in SM

U(1)Xs

I=J=0,1/2,1,…

I = J = 0, QXs
= 1

Stabilizes Skyrmion



Scale-invariant Skyrme Model

Higgs coupling  to Dark matter Uniquely determinedby Low Energy Theorem

Direct detection ExperimentLUX, PANDAX-II

Simplest case a��, g = const.(>
�

87)



Direct Detection





Indirect Search Limit (Higgs 
invisible decay
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Relic Abundance in Thermal 
History  



Freeze out temperature

Thermal Relic Abundance

Effective d.o.f/ at Tf
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! Standard Model Higgs as a Pseudo-
dilaton

! Composite “Rho” as Dynamical Gauge 
Boson of Hidden Local Symmetry in 
the Standard Model 

! Skyrmion as a Composite Dark Matter 
in the Standard Model

! To be ruled out/confirmed by future 
exp.

            Conclusion         
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Skyrmion U(1)Xs Charge Radius

r̃ � r


