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I. What are all about?





We study 

 the dense baryonic matter 



 the properties of hadrons in
dense baryonic matter 



II. How we do it?



Skyrme Model
1960, T. H. R. Skyrme

baryon ?

U(x)=exp(iτπ/fπ) : mapping from R3-{  }=S3 to SU(2)=S38

topological soliton

R ~ 1 f m
M ~ 1.5 GeV



Classical object!

Easy to construct 
many-body system



Two skyrmions
1960, T. H. R. Skyrme



Skyrmion
Crystal





FCC Skyrmion crystal
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Skyrmion crystal(FCC)
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Phase transition





What we have found is the 
classical solution 

of the meson Lagrangian!

In-medium properties
of the mesons 



Analogy

λφ4 −µ2φ2







Consequence?



J. I. Kim, BYP, M. Rho, 2010



In-Medium Modification 
of Tensor Force

*
*

* * *
*



III. Recent Work

Y. Ma, M. Harada, H. K. Lee, Y. Oh, B.-Y. Park, 
M. Rho, to appear in Phys. Rev. D





Full HLS Lagrangian up to O(p4)











fπ & mρ
*            *



Dilaton

Y. Ma, M. Harada, H. K. Lee, Y. Oh, B.-Y. Park, 
M. Rho, in preparation



Trace Anomaly of QCD



fχ
χ

V(χ)

Vacuum (ρ=0)
U=1
χ=fχ

U χU~σ+iτ π
fπ

σ

π







Minimal HLS

omega & dilaton

KSRF relation :
2mV=afπg222

BYP, M. Rho, V. Vento, 2003, 2008

mV
*







2008



U(2) sym.
Breaking?
2013



Full HLS Lagrangian up to O(p4)





IV. Summary & Discussion



Summary

We have applied the skyrmion picture to
 dense baryonic matter
 in-medium hadron properties

Skyrmion picture provides us
 simple & easy tools
 non-trivial information (to be checked by 

experiments)



If you need to modify the hadron
properties to analyze or fit data from  
experiments or the observations 
related to dense matter, please 
remember 



감사합니다!


	Dense Baryonic Matter �in the Hidden Local Symmetry
	Contents
	I. What are all about?
	Slide Number 4
	We study 
	Slide Number 6
	II. How we do it?
	Skyrme Model
	Classical object!
	Two skyrmions
	Skyrmion �Crystal
	Slide Number 12
	FCC Skyrmion crystal
	Skyrmion crystal(FCC)
	Phase transition
	Slide Number 16
	What we have found is the classical solution �of the meson Lagrangian!
	Analogy
	Slide Number 19
	Slide Number 20
	Consequence?
	Slide Number 22
	In-Medium Modification �of Tensor Force
	III. Recent Work
	Slide Number 25
	Full HLS Lagrangian up to O(p4)
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Dilaton
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	omega & dilaton
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Full HLS Lagrangian up to O(p4)
	Slide Number 43
	IV. Summary & Discussion
	Summary
	Slide Number 46
	감사합니다!

