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• To explain the neutron-proton symmetry, Heisenberg introduced  
isobaric spin (isospin) into nuclear physics.

• Wigner added more detail [2]. 
• The experimental confirmation of this quantum number was 

carried out in the thirties and fifties of the last century [3,4].

[1] W. Heisenberg, Z. Physik, 77, 1-11 (1932) 
[2] E.P. Wigner, Phys. Rev., 51, 106-19, 947-58 (1937)
[3] G. Breit, E. Condon, R.D. Present, Phys. Rev., 50, 825-45 (1936)
[4] D.H. Wilkinson, and G.A. Jones, Phil. Mag., 44, 542-47 (1953)

p & n are states of nucleon
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[5] J.D. Anderson, and C. Wong, Phys. Rev. Letters, 7, 250-51 (1961),
[6] D. Robson, Isobaric Spin in Nuclear Physics, Annual Review Nucl. Sci. 16, 119-152 (1966)

Anderson et al. showed In 1961 that isobaric spin concepts were important in 
heavy nuclei as well [5]
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• Isospin I is a vector quantity. 

• Both up and down quarks have I=1/2, I3=+1/2 for up and I3=−1/2 for down quarks. 

• All other quarks have I=0. 

valid for all hadrons

W. Greiner; B. Müller, Quantum Mechanics: Symmetries, (1994).

Finite I plays a major role in various physical systems, for instance, early 
Universe especially at large lepton asymmetry, compact stars with pion 
condensates, and spectroscopy of nuclei.
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Lattice QCD simulations at finite I has a real and positive action and therefore 
can straightforwardly be implemented in the Monte Carlo techniques

Chinese Physics C 44, (2020) 083106LATTICE2021

IR- improved soft-wall AdS/QCD modelNon-perturbative QCD simulations
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J.Phys. Conf. Ser. 1070(2018)012002

Finite μI-lattice QCD could be utilized to improve sign problem at finite μb

Extrapolated to finite baryon-chemical potential
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Lattice QCD at finite I and finite b obviously share some common 
features, such as, deconfinement, particle creation, Silver-Blaze 
phenomenon, and Bose-Einstein condensation (BEC).

Silver-Blade:  At T=0, thermodin. 
are µ-independent up to µc

Particle creationDeconfinement BEC
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At finite isospin asymmetry in Minkowski space, the LSM Lagrangian density with 
Nf q-flavors can be incorporated with the Polyakov-loop potential

The first term in (1) stands for LSM Lagrangian density in chiral limit

where the first term counts for the contributions of the quarks (fermions) with Nc color dof, 
while the second term stands for the mesonic (bosonic) fields.
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Hypothesis of Partially Conserved Axial-Vector Current
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Conclusions

• In SU(3), finite isospin asymmetry makes the mean sigma fields      
having nonzero diagonal generators as                                  and the 
parameters of explicitly symmetry breaking are non-vanishing 

• This means that, the impacts of finite σ3 and h3 break SU(2) isospin 
asymmetry, where σu = σl + σ3 and σd = σl − σ3. 

• To this end, we first driven the thermodynamic potential of pure 
mesonic contributions in SU(3) in basis of σu, σd and σs. 

• Polyakov-loop potential in integrated in to assure integrating the 
gluonic dof in the chiral LSM and the gluon-quark interactions.


