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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 
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 Soliton has finite 
size and finite 
energy 

 One needs at 
least two 
contrterms in the 
effective 
Lagrangian 
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Shrinks 

Swells 

Stabilization 
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 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)] 
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 Nontrivial mapping 
 It has topologically 

nontrivial solitonic 
solutions (in separated 
different topological 
sectors) with the 
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) ] 
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 What happens in a medium? 
 One should be able to describe the 

possible phenomena  
 
 Deformations 
 Mass change 
 Swelling or shrinking 
 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    
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 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 (structure changes) 

Inner core 

modifications 

in nuclear 

medium 
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 Three types of pions can be 
treated separately 

 In nuclear matter, one 
considers three types of 
polarization operators 

 There will be some  parameters 
which correspond to the 
isospin breaking effects  in the 
surrounding environment 

  0 )0,(2
)0,(  

 


 
m

  0 ˆ )0,()0,(2
)0,(  

 


 
m

October 31, 2013 Talk @ YITP, Kyoto 2013  

“Outer shell” modifications 
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 Due to the nonlocality of optic 
potential the kinetic term is also 
modified 

 Due to energy and momentum 
dependence of the optic 
potential parameters following 
parts of the kinetic term is 
modified in different form: 
 Temporal part 

 Space part 
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“Outer shell” modifications [ U.Meissner et al., EPJ A36 (2008) ] 

 




psoptU 2ˆ
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 May be related to  
 
 vector meson properties in nuclear matter 
 nuclear matter properties 
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“Inner core” modifications  
[ UY & H.Ch. Kim, PRC83 (2011); UY, JKPS62 (2013); UY, PRC88 (2013) ] 
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Final Lagrangian 
 [ U.Meissner et al., EPJ A36 (2008);  UY, JKPS62 (2013), UY, PRC88 (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), UY, PRC88 (2013) ] 

 From pionic 
atoms and 
pion-nucleon 
scattering 
 
 
 
 
 
 
 

 From nuclear 
matter 
properties 

Nuclear  

matter 

stabilization 

Asymmetric  

Matter 

Properties 
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 Isoscalar mass 

 

 

 Isovector mass 

 

 

 Mass of the nucleon 
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Nucleon in nuclear matter 
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 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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Origin of the binding-energy-formula 
terms in present model 
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 At infinite nuclear matter approximation the 
binding energy formula takes form 

 

 

 λ is normalized nuclear matter density  

 β is asymmetry parameter 

 𝑎𝑆 is symmetry energy 

 

 In our model 

 Symmetric matter 

 

 Asymmetric matter 
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Volume term and Symmetry energy 
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 Volume term (binding energy per nucleon) in the binding energy 
formula can be defined as 
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Volume term [ UY, JKPS62 (2013) ]  

 Model I -  solid curve 

 Model II -  dashed curve 

 Model III – dotted curve 
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 Asymmetry energy 

 

 

 

 Symmetry energy 

 

 

 

 Symmetry energy coefficients 

October 31, 2013 Talk @ YITP, Kyoto 2013  20 



October 31, 2013 Talk @ YITP, Kyoto 2013  

Symmetry energy [ UY, JKPS62 (2013) ] 

 Model I -  solid curve 

 Model II -  dashed curve 

 Model III – dotted curve 

 Symmetry energy as function of normalized density 
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Symmetry energy [ UY, JKPS62 (2013) ] 
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Reparametrization  [ UY, PRC88 (2013) ]  

 Five medium 
parameters 
 
 
 

 Rearranging 
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Core 

modifications 

Shell 

modifications 
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After reparametrization   [ UY, PRC88 (2013) ] 

 Volume energy 
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After reparametrization   [ UY, PRC88 (2013) ] 

 Pressure in symmetric matter 
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Right figure from: 
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 Symmetry energy 
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After reparametrization   [ UY, PRC88 (2013) ] 
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 Symmetry energy 
coefficients 
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After reparametrization   [ UY, PRC88 (2013) ] 
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 Pressure in asymmetric matter 

28 

After reparametrization   [ UY, PRC88 (2013) ] 

Right figure from: 
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After reparametrization  

 Low density 
behavior of 
symmetry energy 
and correlations 
between 
coefficients 
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From analysis of  

GDR (208Pb) 
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 The energy per 
nucleon in 
symmetric matter 
and in neutron 
matter 
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After reparametrization   [ UY, PRC88 (2013) ] 



October 31, 2013 Talk @ YITP, Kyoto 2013  

 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.Ch. Kim, UY, PLB726 (2013), arXiv:1304.5926] 

 NN interactions in nuclear matter 

 Neutron stars  

 Finite nuclei properties  

 Mirror nuclei 

 Exotic nuclei 

 Halo nuclei 

 Nucleon-knock out reactions 

 Vector mesons in nuclear matter 
[J.H.Jung, UY, H.Ch.Kim, PLB 723 (2013), arXiv:1212.4616] 

Extensions and applicability of the approach 
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