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Weak Transitions

Decay parameter of n

Particle Data Group (PDG) 2010 

How about resonant states N*?

λ ≡ gA/gV = −1.2694± 0.0028

Recently, attracted much interest in studies 
of the strong interactions (QCD). 
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Chiral Restoration Scenario of QCD

Chiral doublets

Restoration of the chiral symmetry : 

gπNN ! 0

L. Ya. Glozman: Phys. Rev. Lett. 99, 191602 (2007)
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Chiral Restoration Scenario of QCD

Chiral doublets

Restoration of the chiral symmetry : 

gπNN ! 0

L. Ya. Glozman: Phys. Rev. Lett. 99, 191602 (2007)

gA ! 0Requirement for restoration :

gπNN =
gAMN

fπ

Pion Nucleon coupling 
Pion decay constant

Nucleon mass 
Axial charge 

Goldberger-Treiman Relation
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L. Ya. Glozman,  A. V. Nefediev: Nucl. Phys.  A 807, 38 (2008)

Analytic and Lattice Results

~ 1.66

~ 0.33

~ -0.11

~ 0.55

Small 
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5
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~ 1.66

Non-relativistic SU(6) wave function  Lattice results

Toru T. Takahashi and Teiji Kunihiro: Phys. Rev. D 78, 011503 (2008)

∼0.55 for N(1650)

∼1.26 for N(939)

~ 0.0 for N(1535)
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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

Hyperfine interaction        :  V̂ hf
ij OGE, psGBE, EGBE  

M̂ |P, J,Σ〉 = m|P, J,Σ〉Eigenvalue equation :

Confinement :  V̂ conf
ij = V0 + Crij

Relativistic Constituent Quark Model
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= Ūν(P,Σ′)gAγµγ5

τa

2
Uν(P,Σ)

〈
P,

5
2
,Σ′

∣∣∣Âµ
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Axial Form Factors

:  Axial charge of N and N* gA

Matrix elements of the axial current operator 

where andpi = Bc(V )ki, p′i = Bc(V
′)k′i wi =

√
!k2i +m2

i
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(pointlike constituent quark)  gq
A = 1

Point Form Spectator Model

Point form spectator model 

〈p′1,σ′
1|Âµ

a,spec|p1,σ1〉 = ū(p′1,σ
′
1)

[
gqAγ

µ +
2fπ

Q̃2 +m2
π

gqqπ q̃
µ

]
γ5
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2
u(p1,σ1)

Axial current 



Axial charges of all N* resonances below 2 GeV 
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Results

Axial charges of N and some N*  relative to other results  

Axial form factors of N

Axial form factors of N*
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Axial and Pseudo-scalar Form Factors of nucleon

L. Ya. Glozman,  M.Radici, R.F. Wagenbrunn, S. Boffi, W. Klink, and W. Plessas: Phys. Lett. B 516, 183 (2001)

gpsGBE
A = 1.15

gEXP
A = 1.2695± 0.0029
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1. K. S. Choi, W. Plessas, R. F. Wagenbrunn : Phys. Rev. C 81, 028201 (2010) 
2.  L. Ya. Glozman, A. V. Nefediev: Eur. Phys. J. A 12, 91 (2001)
3.  Toru T. Takahashi and Teiji Kunihiro : Phys. Rev. D 78, 011503 (2008) 
    and further lattice QCD calculation

Comparison

1
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Axial Charges of Chiral Partners 
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Classification

T. Melde, W. Plessas and B. Sengl:  Phys. Rev. D 77, 114002 (2008) and Particle Data Group (PDG) 2010

K. S. Choi, W. Plessas, R. F. Wagenbrunn : Phys. Rev. D 82, 014007 (2010)
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Classification

0.02
-0.15

-0.08
-0.76

T. Melde, W. Plessas and B. Sengl:  Phys. Rev. D 77, 114002 (2008) and Particle Data Group (PDG) 2010

K. S. Choi, W. Plessas, R. F. Wagenbrunn : Phys. Rev. D 82, 014007 (2010)
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Axial Form Factors of N(1440) and N(1710)
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Performed a consistent study of  gA for N and N*  
                                                               within the RCQMs.

Summary 

Covariant predictions of RCQMs show generally considerable 
relativistic effects and describe experimental data well.  

In cases, where no experiments exist, there is reasonable 
agreement with lattice QCD results. 

The issue regarding chiral symmetry restoration remains 
open; the sizes of the       for baryon resonances are 
consistent with a recent classification into flavor multiplets. 

It will be interesting to extend these relativistic studies to 
electromagnetic and weak transition form factors. 

gA



Left levels - OGE : L. Theussl, R.F. Wagenbrunn, B. Desplanques, and W. Plessas: Eur. Phys. J.  A 12, 91 (2001)
Middle levels - psGBE : L.Ya. Glozman, W. Plessas, K. Varga, and R.F. Wagenbrunn: Phys. Rev. D 58, 094030 (1998)
Right levels - EGBE : K.Gantschnig, R.Kainhofer, W. Plessas, B. Sengl, and R.F. Wagenbrunn: Eur. Phys. J.  A 23, 507 (2005)
Green zones - Experimental data in PDG (2010)
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