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Parity doublet model in dense matter

: vector transform

: axial-vector transform

wikipedia

• Chiral symmetry
 



!! chiral limit: m=0

! ! Explicit chiral symmtery
breaking

!! SSB of chiral symmetry

• Chiral symmetry breaking
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• Mesons and chiral symmetry
 



* SSB !!

• Linear sigma model
 





           Parity doublet model

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



Or
,





The state N+ is the nucleon N(938). while N- is its parity partner conventionally identified
with N(1500).

“Linear sigma model with parity doubling,” C. E. DeTar and T. Kunihiro, Phys. Rev. D 39,
2805 (1989)



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





To fix the parameters in our model with fixed m0



Delta matter in a parity doublet model (within MFA)
Yusuke Takeda, YK, Masayasu Harada, Phys. Rev. C97 (2018) 065202

* In symmetric matter, Delta enters into matter at (1-4) times the saturation density.        
The stable Δ-nucleon matter is realized around 4 times the saturation density, and the phase
transition from nuclear matter to Δ-nucleon matter is of first order in the wide parameter region.
 
* In asymmetric matter, the phase transition from the nuclear matter to the stable   Δ-nucleon
matter can be of the second order for most parameter region. The onset density is smaller than
that in symmetric matter.
 
* In symmetric dense matter, larger chiral invariant nucleon mass tends to lower the transition
density to the stable N-Δ phase.
 
* Partial restoration of chiral symmetry is enhanced by Delta matter.
 
 









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

Parity doublet model in relativistic continuum
Hartree-Bogoliubov theory

RCHB theory properly takes into account the pairing correlation
   and the coupling to (discretized) continuum via Bogoliubov
   transformation in a microscopic and self-consistent way.
  [J. Meng, et al, Prog. Part. Nucl. Phys. 57 (2006) 470]

Spherical RCHB code was provided by Jie Meng (Peking Univ.).
Main difference is the behavior of sigma mean field.
Revised the code to incorporate the difference.
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A way go beyond the MFA: FRG

• Nucleons, though massive, can fluctuate near the Fermi surface
as p-h excitations.

• The pion and sigma mesons can fluctuate.
• Vector mesons such as omega mesons may not fluctuate

because they are massive. Only as mean field.  
• FRG is a good way to handle those fluctuations.



Renormalization group method with different goals

• To remove infinities (UV divergences)
• To describe the scale dependence of physical parameters
• To re-sum the perturbation expansion in QFT
• To solve strongly coupled theories
• …



                 Effective action in QFT:
 

• The generating functional of the 1PI Green functions.
• The field equations derived from the effective action include all quantum effects.

Knowledge of the effective action is in a sense equivalent to the “solution” of a theory.
• In thermal and chemical equilibrium the effective action includes in addition the thermal

fluctuations and depends on the temperature and chemical potential.
• In statistical physics it corresponds to the free energy as a functional of some (space

dependent) order parameter.























Finite temperature and density?










