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 Topological models and soliton 

 Medium modifications of nucleons 
 “Outer shell” modifications 

 “Inner core” modifications 

 Nuclear matter  
 Symmetric matter 

 Asymmetric matter 

 Structure analysis of in-medium 
nucleons 

 Summary 

 Outlook 
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 What is a nucleon 
and, in particular, 
its core? 

 At large number of 
colors it still has  
the mesonic 
content 
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Meson cloud 

Core… 

From what? 

Structure 



 Soliton has finite 
size and finite 
energy 

 One needs at 
least two 
contrterms in the 
effective 
Lagrangian 
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Shrinks 

Swells 

Stabilization 



 
 Nonlinear chiral effective meson (pionic) theory ) 

 

 

 

 

 Hedgehog soliton (nontrivial mapping) 
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Shrinks Swells 

Skyrme model 
[T.H.R. Skyrme, Pros.Roy.Soc.Lond. A260(1961) ] 



 Nontrivial mapping 

 It has topologically 
nontrivial solitonic 
solutions in different 
topological sectors with 
corresponding conserved 
topological number A 

 Nucleon is quantized state 
of the classical soliton-
skyrmion 
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Original Lagrangian in use 
[ G.S. Adkins et al. Nucl. Phys. B228 (1983) ] 



 What happens in a medium? 

 One should be able to describe 

 
 Deformations 

 Mass change 

 Swelling 

 Effective NN interactions 

 Etc. 
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 Modification in the mesonic sector modifies the baryonic 
sector 
 
 
 
 
 
 
 
 
 
 
 

 How to modify the mesonic sector? 
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  Pionic Lagrangian 
  in Nuclear Matter   

Free pionic 

Lagrangian   

Linear approximation Linear approximation 

Modified Lagrangian   OSM Lagrangian    



 Outer shell 
modifications 
plus  

 Inner core 
modifications (in 
particular at 
higher densities) 
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Meson cloud 

modifications 

in nuclear 

medium 

Soliton in Nuclear Medium 

Inner core 

modifications 

in nuclear 

medium 



 Three types of pions treated 
separately 

 In nuclear matter, one 
considers three types of 
polarization operators 

 There will be some  parameters 
which correspond to isospin 
breaking effects  in the 
surrounding environment 
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“Outer shell” modifications 



 May be related to  
 
 vector meson properties in nuclear matter 
 nuclear matter properties 

)( 2/1* eee 

   2 

2*

2

02*

*

4 ,Tr
32

1
,Tr

16

1
 - ji

s

i LL
e

LL
e




L

May 24, 2013 Talk @ HIM 2013, Korea University  11 

“Inner core” modifications  
[ UY & HC Kim, PRC83 (2011); UY, JKPS62 (2013) ] 
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Final Lagrangian 
 [ U.Meissner et al., EPJ A36 (2008);  UY, JKPS62 (2013) ] 

 Separated into two parts 
 
 
 Isoscalar part 

 
 
 

 Isovector part 
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Medium functionals and their parameters 
 [ U.Meissner et al., EPJ A36 (2008);  UY, JKPS62 (2013) ] 

 From pionic 
atoms and 
pion-nucleon 
scattering 
 
 
 
 
 
 
 

 From nuclear 
matter 
properties 

Nuclear  

matter 

stabilization 



 Effective values of pion decay constant and pion mass are 
qualitative agreement with  

 in-medium CPT [U.Meissner, J.Oller, A.Wirzba, Ann. Phys. 297 (2002)]  

 QCD sum rules [H.c.Kim, M.Oka, NPA 720 (2003)] 
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Consistency with other approaches 



 Nuclear matter studies in framework 
of the Skyrme model (alternate 
approaches) 

 “Calibration” method 

 Crystalline structures 

 Ideas behind 

***    ,, eemmFF  
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[ Manton & Wood, PRD74  (2006) ] 

[ H.J.Lee et al.,NPA723 (2003) ] 

Consistency with other Skyrme Model approaches 

http://upload.wikimedia.org/wikipedia/commons/c/c9/Cubic-face-centered.svg


 Volume term 

 Infinite and asymmetric nuclear matter 

 Asymmetry term 

 Isospin asymmetric environment 

 Surface and Coulomb terms 

 Nucleons in a finite volume  

 Finite nuclei properties 

 Local density approximation  
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Binding-energy-formula terms in our model 
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Volume term and Symmetry energy 



 Volume term (binding energy per nucleon) in the binding energy 
formula can be defined as 
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Volume term 

 Model I -  solid curve 

 Model II -  dashed curve 

 Model III – dotted curve 



 Fraction of the binding energy per unit volume to normal nuclear 
matter density as a function of normalized density [UY, JKPS60(2012)] 
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 Pressure as a function of normalized density (Model II) 
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 Asymmetry energy 

 

 

 

 Symmetry energy 

 

 

 

 Symmetry energy coefficients 
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Symmetry energy 

 Model I -  solid curve 

 Model II -  dashed curve 

 Model III – dotted curve 

 Symmetry energy as function of normalized density 
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 Nucleon structure itself is very interesting topic 
 

 Scalar, vector and axial-vector properties of the 
nucleon have been studied extensively 
 

 From other side GPD accessible via hard exclusive 
reactions gives information about Energy 
Momentum Tensor form factors. 

 



 It allows to address questions like: 
 How are the total angular momentum and angular 

momentum of the nucleon shared among its constituents? 
 How are the strong forces experienced by its constituents 

distributed inside the nucleon? 
 

 EMT form factors studied in lattice QCD, ChPT and in 
different models (chiral quark soliton model, Skyrme model, 
etc.) 
 

 We make further step studying EMT form factors in nuclear 
matter 
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 Definition 
 
 
 

 These three form factors give information about momentum 
distribution, angular momentum distribution and about the 
stabilization of strong forces inside the nucleon. 
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Energy-momentum tensor form-factors 
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Properties of the in-medium nucleons 
[ H.C.Kim, P. Schweitzer, U.Y. PLB 718 (2012) ] 
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Pressure densities of the in-medium nucleons 
[ H.C.Kim, P. Schweitzer, U.Y. PLB 718 (2012) ] 
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Pressure densities of the in-medium nucleons 
[ H.C.Kim, P. Schweitzer, U.Y. PLB 718 (2012) ] 
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Present applicability of the model 
[ H.C.Kim, P. Schweitzer, U.Y. PLB 718 (2012) ] 
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 Within the applicability range the model describes  

 

 the single hadrons properties  

 in separate state  

 in the community of their partners 

 as well as the properties of that whole 
community at same footing 
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 Nucleon tomography in nuclear matter 
[H.C. Kim, UY (arXiv:1304.5926)] 

 NN interactions in nuclear matter 

 Neutron stars 

 Finite nuclei properties  

 Mirror nuclei 

 Exotic nuclei 

 Nucleon-knock out reactions 

 Vector mesons in nuclear matter 
[J.H.Jung, UY, H.C.Kim (arXiv:1212.4616), to appear in PLB] 

Extensions and applicability 
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