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Motivation 0

• Any remnants of QCD vacuum/confinement 
in dense matter or finite nuclei?

• QM and NM on the same footing?



Motivation I

K. K. Kim, YK, Y. Ko, JHEP 1010 (2010) 039 

A simple holographic QCD model study has claimed that a typical
scale of QCD changes in nuclei. 

hQCD is macroscopic
descritpion of something!



Reminder: Holographic QCD





Origin of nucleon mass? 

Can nuclear matter and nuclei do anything for this?

Motivation II

Nucleon mass (in the chiral limit) in the linear sigma model



Parity doublet model in dense matter

Introduce two nucleon fields that transform in a mirror way under chiral transformations:



D. Zschiesche, L. Tolos, Jurgen Schaffner-Bielich, Robert D. Pisarski, Phys.Rev. C75 (2007) 055202

Cold, dense nuclear matter in a SU(2) parity doublet model



Y. Motohiro, M. Harada, YK, Erratum: Phys.Rev. C95 (2017) 059903 



Ik Jae Shin, Won-Gi Paeng, Masayasu Harada, YK, 1805.03402 in nucl-th

Parity doublet model in relativistic mean field 
theory 

 Spherical code was provided by Jie Meng (Peking Univ.).
 Main difference is the behavior of sigma mean field.
 Revised the code to incorporate the difference.
 With no Delta baryons



We observed that our results, especially the binding energies, are closest 
to the experiments when we take m0 = 700 MeV.





Motivation III



Chiral quarks in Savvidy vacuum



The success of the NR QM? 

First of all the quarks should be massive, having constituent mass.

So, we assume that the bulk of the light quark mass is the effect of 
chiral symmetry breaking. 

The leading contribution to the baryon mass is just sum of 
the constituent quark masses. 





Pions are perturbative!

How about gluons?

which was computed by looking at the ratio of color and electromagnetic 
hyperfine splittings of the baryon spectrum



• Then no room for the gluon in this model to develop any 
non-trivial v.e.v?

• No, if the mass was not fully from quark-antiquark 
condensate.

• After all,  Copenhagen (Spagetti) vacuum has also a small 
gauge coupling constant! 



Background gluon field?

Reminder: fermions in external field









Fermions at the LLL are 1+1 dimensional !







The domain structure introduces an infrared cutoff that prevents 
the momenta from taking the smaller values causing the instability
(it is still controversial, though …)

Extension to SU(3) and SU(4) were done in Ref. [5].





At least for the evaluation of the effective action, we can use the results
from dense matter with external U(1) magnetic field.
The difference is that the gluon field has a color matrix T3 whose
eigenvalue is +1/2, -1/2. 



M. Kobayashi and M. Sakamoto, Prog. Theor. Phys. 70 (1983)



P. Elmfors, D. Persson, B.-S. Skagerstam, Astroparticle Physics (1994),



P. Elmfors, D. Persson, B.-S. Skagerstam, Astroparticle Physics (1994),
D. Persson, V. Zeitlin, Phys. Rev. D 51 (1995), …



very much preliminary

Qualitative behavior of the symmetry energy from LLL



A proof of relevance of the randomness of the ensemble of 
chromomagnetic flux tubes to the area law for the spatial Wilson loop 
[P. Olesen, Nucl. Phys. B 200, 381 (1982)].

The confinement of quarks appears as a natural result of the randomization of 
the vortex domains: a single quark scatters o the vortices in each domain so 
that the quark's wave function acquires a random phase which varies from 
domain to domain. As a result of averaging over the domains, a single quark 
gets an infinitely large free energy which effectively forbids the existence of 
isolated quarks [M.N. Chernodub, T. Kalaydzhyan, J. V. Doorsselaere,  Phys.Rev. 
D89 (2014) 065021].

So, my guess is that ChQM itself is describing quark matter, 
while ChQM+ (extended/improved) Savvidy vacuum may represent nuclear matter.



Discussion

• ChQM + (improved) Savvidy vacuum may give 
a chance to connect QCD vacuum with real 
world.

• Since the gluon background field ensures 
confinement, the combined one may also 
provide a handy platform for QM and NM.
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