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I. Introduction 

 In many EFTs for SCG theories, baryons could be described in a 

mesonic theories.                     
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Skyrme model 

Nonlinear Sigma model Skyrme term 
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Parameters:  Fπ , 
 . 

Many physical quantities of baryons can be calculated, agree with data quite well ! 

 I. ZAHED and G.E. BROWN, Phys. Rept. 142, (1986) 1—102. 
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It’s straight forward to expect that such an approach can also be 
used to study baryons in SCG in EW sector. 
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  Indications on the Mass of the Lightest Electroweak Baryon,  
      John Ellis, Marek Karliner, Phys.Lett. B713 (2012) 233-236. 

 
  Generalized Skyrmions in QCD and the Electroweak Sector, 

John Ellis, Marek Karliner, Michal Praszalowicz, e-Print: arXiv:1209.6430 
[hep-ph] . 

Current upper bounds on the electroweak soliton mass range 
between 18 and 59 TeV, which would be reduced to 4.6 to 8.1 
TeV with the likely sensitivity of LHC data to the fourth-order 
electroweak Lagrangian  parameters. 
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What will happen when energy scale increases? 

More resonances appear. More complicated model 

7 



E     massive 
vector         
          mesons appear  

Find redundancies in the chiral field and introduce associated 
gauge symmetry  to capture the physics of vector mesons 

The NL  model is gauge-equivalent to HLS and the vector 
mesons so generated can be identified with the hidden local 
gauge fields. 
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To fix all the LECs, we resort to holographic models! 

The effect of the heavier resonances on Skyrmion properties can be self-consistently calculated. 
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  Skyrmions with vector mesons in the hidden local symmetry approach. 
YM, G. –S. Yang, Y. Oh, M. Harada, e-Print: arXiv:1209.3554 [hep-ph] . 

  Hidden Local Symmetry and Infinite Tower of Vector Mesons for Baryons. 
YM, Y. Oh, G.-S. Yang, M. Harada, H. K. Lee, B. –Y. Park, M. Rho  
Published in Phys.Rev. D86 (2012) 074025, e-Print: arXiv:1206.5460 [hep-ph]  



II. Lessons from QCD for Skyrmion properties 

 
 Skyrmion has been studied based on the O(p2 ) HLS (f  , g, a ).  The HLS 

parameter a is normally taken to be 1  a  2.  

 

 
 The ambiguity in the value of a results in a large uncertainty on the soliton mass. 

And, the dependence of a on circumstances hinders systematic investigation on 

the  properties of a single Skyrmion and baryonic matter.  
 

 The description of baryons as Skyrmions is supported by the large Nc limit. In the 

HLS, the higher order terms such as the O(p4) terms are at O(Nc) as well as the 

O(p2 ) terms. As a result, in the Nc counting, these higher order terms should be 

taken into account. 
 

 However, including the higher order terms inevitably calls forth more complicated 

form of the Lagrangian and uncontrollably large number of low energy constants. 
 

 By making use of the hQCD, we fix them in a controllable way. Furthermore, the 

  meson is included through the hWZ terms whose parameters are also fixed 

by the hQCD. 
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Skyrmions from the Hidden Local Symmetry 

Consider two flavor, to O(p4) 

Parameters (17):  
       f  , g, a, y1  y9, z4, z5, c1  c3  
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 M. Harada and K. Yamawaki, Phys. Rep. 381, 1 (2003). 
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HLS from hQCD models 

Az = 0 gauge 
Mode expansion 

  

16 parameters in terms of 
2 parameters: GYM , MKK  
Inputs: f , m . 
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 M. Harada, S. Matsuzaki, and K. Yamawaki, Phys. Rev. 
      D 82, 076010 (2010). 
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 Physical quantities are parameter a independent. 

 

  CS terms are responsible for the omega meson repulsive interaction. 
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Skyrme parameter from hQCD models 

Original Skyrme 
model 

Integrate out all 
vector modes 

  

 Both values are larger than that used in the original Skyrme model because of the 
contributions from y1, y2, and z4 terms at O(p4).  
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Numerical results: 

In hQCD models, the mass scale MKK and the 't Hooft coupling GYM are free parameters. 

Three versions of HLS: 
 

1.  HLS including , , . 
2.  HLS without hWZ. 
3.  Skyrme model from HLS 
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 Lessons from nuclear physics indicates that, the omega meson brings 

repulsive interaction which prevents the nuclei from collapsing and the 

sigma meson brings attractive interaction and the near cancellation of the 

these to interactions gives the small binding energy of nuclear matter.  

Sigma meson is important! 
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Lessons: 
 
   Scalar meson affects skyrmion properties.  Skyrmion model    

including scalar, ~ -400 MeV. 
      F. Meier, H. Walliser , Phys.Rept. 289 (1997) 383-450 
 
  Holographic models, a possible way to determine the LECs 

with few input.        



IV.  Techni-Skyrmion properties  

Purpose: 

 

  To investigate the effect of scalar resonance on Skyrmion properties. 

 

 To investigate the Skyrmion properties using a holographic model for 

TC theories.  
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Warm-up: 
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fπ = 246 GeV, e = 2.38 fπ = 246 GeV, e = 2.38 
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m  = 125 GeV  
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Bottom-up approach: 

z 0 

z =  z = zm 

bulk 

(x, ) : source  

( − 𝑝)( + 𝑝 − 4) = (𝑚5)
2 
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BCs: 
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Parameter fixing 

Vector/axial-vector correlator 

22 

Input:   m  = 125 GeV 
              f  = 123 GeV 
              S = 0.1 
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BCs: 
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KK mode expansion 

EoM 
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Numerical simulation: 

m  = 125 GeV 
f   = 123 GeV 
e = 315 

Msol = (27 - 22) GeV for  Nnew-singlet = (12 - 0) 

Is there any trivial mistake in my calculation? 
        
           Using QCD parameters: e = 8, and Mneucleon = 1140 MeV. Agree with literature 
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Questions raised: 
 
1. Is it reasonable  to use holographic model to study strongly coupled system with 

large anomalous dimension? 
 

2. Is it reasonable to regard the new boson with mass 125 GeV as the N-G associated 
with dynamical breaking of chiral conformal symmetry? 
 

3. Is there any other parameter space to get yield results agree with data and a 
smaller skyrme parameter, especially for order 1 parameter. 
 

4. Can we get constraint from dark matter experiment  by rearding techni-skyrmion 
as a dark matter candidate?  
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