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Chiral Symmetry

A symmetry of QCD in the massless  limit

In SU(3)F, QCD is invariant under

Left handed

Right handed

One flavor quark state

equivalently 
ψR → exp(iθR)ψR; ψL → exp(iθL)ψL

ψ → exp(iθV )ψ; ψ → exp(iθAγ5)ψL
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Chiral Multiplet

|JPC〉 = |0++〉 ∼ ψ̄ψ|0〉

|0−+〉 ∼ ψ̄γ5ψ|0〉

|1−−〉 ∼ ψ̄γµψ|0〉

|1++〉 ∼ ψ̄γ5γµψ|0〉

Chiral multiplet
ψ̄γ5ψ = U(1)Aψ̄ψU(1)†A

ψ̄γµγ5ψ = U(1)Aψ̄γµψU(1)†A

Chiral multiplet

If U |A〉 = |B〉

Degeneracy
EA = 〈A|H|A〉

= 〈A|U†HU |A〉
= 〈B|H|B〉 = EB
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Nucleon Resonances
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Nucleon Resonances

Chiral doublets
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Nucleon Resonances

Chiral restoration higher in the spectrum?

Chiral doublets
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gπNN =
gAMN

fπ
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Pion Nucleon coupling Pion decay constant

 Nucleon mass 
Axial charge 
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Goldberger-Treiman Relation

gπNN =
gAMN

fπ

Pion Nucleon coupling Pion decay constant

 Nucleon mass 
Axial charge 

Restoration of the chiral symmetry : gπNN ! 0

gA ! 0Requirement for restoration :
L. Ya. Glozman: Phys. Rev. Lett. 99 191602 (2007)
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Lattice QCD Results

1. R. G. Edwards et al., Phys. Rev. Lett. 96, 052001(2006) 
2.  A. A. Khan et al., Phys. Rev. D 74, 094508 (2006)
3.  T.Yamazaki et al., Rhys. Rev. Lett. 100, 171602(2008)
4.  Toru T. Takahashi and Teiji Kunihiro : Phys. Rev. D 78 011503 (2008) 
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Lattice QCD Results

1. R. G. Edwards et al., Phys. Rev. Lett. 96, 052001(2006) 
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Theoretical Framework

Relativistic Quantum Mechanics (RQM) 
i.e. quantum theory respecting Poincaré invariance

(theory on H corresponding to a finite number of particles, not a field theory)

Invariant mass operator 

M̂ = M̂free + M̂int =

√
Ĥ2

0 − !̂P 2
free +

∑

i<j

[
V̂ conf

ij + V̂ hf
ij

]

Relativistic kinetic energy :  H0 =
3∑

i=1

√
!p2

i + m2
i

Confinement :  V̂ conf
ij = V0 + Crij

Hyperfine interaction        :  V̂ hf
ij OGE, psGBE, EGBE  
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Transition Matrix Elements

:  Axial charge of N and N* gA

〈P, J,Σ′| Âµ
a(Q2 = 0) |P, J,Σ〉 =

2M
∑

σiσ′
i

∫
d3!k1d

3!k2d
3!k3

δ3(!k1 + !k2 + !k3)
2ω12ω22ω3

Ψ"
PJΣ′

(
!k1,!k2,!k3;σ′

1,σ
′
2,σ

′
3

)

×〈k1, k2, k3;σ′
1,σ

′
2,σ

′
3| Âµ

a |k1, k2, k3;σ1,σ2,σ3〉 × ΨPJΣ

(
!k1,!k2,!k3;σ1,σ2,σ3

)

Matrix elements of the axial current operator 
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Spectator Model

Spectator Model 

(pointlike constituent quark)  gq
A = 1

〈k1,σ
′
1| Âµ

a,SM |k1,σ1〉 = ū (k1,σ
′
1) gq

Aγµγ5
τa

2
u (k1,σ1)

where 



Axial charges of all positive-parity N* resonances 
                                                                    below 2 GeV 
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Results

Axial charges of N and N*  resonances   

Axial charges of all negative-parity N* resonances 
                                                                   below 2 GeV 

Axial charges of N and some N*  relative to other results  
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OGE & GBE

Mass spectra of OGE Mass spectra of GBE
L. Ya. Glozman, M. Radici, R.F. Wagenbrunn, S. Boffi, W. Klink, W. Plessas: 

Eur. Phys. J. A 12, 91 (2001)
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Extended GBE

Mass spectra of extended GBE

K.Gantschnig, R.Kainhofer, W. Plessas, B. Sengl, and R.F. Wagenbrunn: 
Eur. Phys. J. A 12, 91 (2001)
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Axial Charges 

1.  L. Ya. Glozman, A. V. Nefediev: Eur. Phys. J. A 12, 91 (2001)
2.  Toru T. Takahashi and Teiji Kunihiro : Phys. Rev. D 78 011503 (2008) 
    and further lattice QCD calculation
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Positive-Parity States
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Negative-Parity States
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Axial Charges of Multiplet
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Summary 

Results show generally considerable relativistic effect.  

The pattern of axial charges so far known from 
experiment and lattice QCD is also yielded by the RCQM. 

Performed a consistent study of  gA for N and N*  
                                                               within the RCQM.

Most of the gA for higher-spin N* resonances 
                                          below 2GeV  are not small. 

We await further lattice-QCD results.   


