
II. Electromagnetic (EM) and strong 

interactions of baryons in NRCQM, 

quark model selection rules and 

symmetry breakings 



Supposing the constituent quark has a mass mi (≈ 330 MeV for the u and 

d), the magnetic moment of the constituent quark thus can be expressed 

as 

The electromagnetic field of a photon in form of the second quantization 

is 

  Baryon EM transitions 



Taking the direction of the photon momentum k as the z-axis, and taking 

the advantage of the permutation symmetry of the baryon wavefunctions, 

we can express the EM interaction Hamiltonian as 



We can then express the above equation into a more compact form: 

For the initial photon-

nucleon helicity 

parallel or anti-

parallel, respectively. 





Given the spin and flavor wavefunctions, one can easily compute the 

following elements in spin and flavor space: 



Some numerical results  

Relativistic corrections (I) 



Relativistic corrections (II) 

Including O(v2/c2) terms in the EM operator and QCD mixings:  

Relativistic quark models 

See review:  

Aznauryan, Burkert and Lee, arXiv:0810.0997 [nucl-th].  

Possible five-quark component inside S11(1535)?  

See e.g. Prof. B.S. Zou’s talk. 



Some other results from NRCQM symmetry  





Quark model selection rules and 

symmetry breakings 



Baryons in SU(6)O(3) symmetric quark model 

Spin 

Flavor 

Spin-flavor 

Spatial 

Basic assumptions: 

i) Chiral symmetry spantaneous breaking leads to the presence of massive 

constituent quarks as effective degrees of freedom inside hadrons; 

ii) Hadrons can be viewed as quark systems in which the gluon fields 

generate effective potentials that depend on the spins and positions of 

the massive quarks. 

Color 

Baryon wavefunction as representation of 3-dimension permutation group: 

s, , , a 

symmetric 



Spin wavefunction 

Flavor wavefunction 



Spin-Flavor wavefunctions 



1. Spin-independent potential 
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Isgur, and Karl, PLB109, 72(1977); PRD18, 4187(1978); PRD19, 2653(1979) 



Some selection rules in the symmetric quark model 

• Moorhouse selection rule (Moorhouse, PRL16, 771 (1966)) 



Some selection rules in the symmetric quark model 

EM transition of 0+ (1/2+)  1 (1/2, 3/2, 5/2) 

PDG2006 



• Faiman-Hendry selection rule (Faiman & Hendry, PR173, 1720 (1968)). 

Isgur, Karl, & Koniuk, PRL41, 1269(1978) 

 

N* (p,n) 

•  selection rule (Zhao & Close, PRD74, 094014(2006)) in strong decays 



2. Spin-dependent potential from one-gluon-exchange (OgE) and 

SU(6)O(3) symmetry breaking 

Introduces mass splittings and configuration mixings in the SU(6) multiplets. 

Nucleon: 

Selection rules must be violated ! 



Selection rule violations 

58  13 

43  12 

+15  9 

+19  8 

PDG2006 

Isgur, Karl, & Koniuk, PRL41, 1269(1978) 



 selection rule violation 

Hyperfine interaction in (uds) is relatively suppressed compared with 

that in nucleon due to the heavier s-quark 

In the constitute regime, the  wavefunction will be dominated by |56, 2 8>. 

One expects relatively smaller configuration mixings from |70, 2 8>.  

Hence  

Approximately hold ! 

D15(1675)  K 

 

F17(1990)  K 

? 

? 



If the  selection rule holds approximately, one would 

expect a relatively small number of baryons contributing to 

 production channel. – Ideal place to disentangle baryon 

resonances 

PDG2006 



• Baryons excitations via strong and EM probes 

, 0 

N, ½+ 

N*, *, L2I,2J 

P33(1232)  

P11(1440) 

S11(1535) 

D13(1520) 

… 

, 1 

N, ½+ 

N*, * 

 + p 
 

D13 

F15 

Talks by V. Burkert, F. Klein, 

P. Cole 



PDG2006: 22 nucleon resonances 

(**)   
not well-

established 

Moorhouse and 

 selection rule 

violated 



 M (,, , , , K …) 

N N (N, ,  …) 

EM Strong 
N*,* 

 n  N*  K   

 n  N* (*)   N  27 states 

 p  N* (*)   N  19 states 

 n  N*   N  

 p  N*   N  

16 states 

8 states 

 p  N*  K   
8 states 

The  selection rule can be tested at JLAB. 



• Excitation of 20-plets due to QCD mixing 

Existence of scalar [ud] diquark in color 3 ? 

QCD admixture of [70, 28; 2, 0, ½] in the nucleon enables the excitation 

of 20-plets in 3-q model.  

[20, 1+] 

Evidence for 20-plets will be able to distinguish 3-q and quark-diquark 

model for baryon. 

    20-plets     



[70, 28; 2, 0, ½]  [20, 28; 2, 1, J], J=1/2, 3/2  

Non-zero photon transition occurs via orbital-flip “electric” term. 

In comparison with D15   p  

(Moorhouse violated) 



Do we have spectroscopy evidence for 20-plets? 

Without 20-plets: 

With 20-plets, another P11 and P13 states are needed.  

The present data are not sufficient for determine the observed 

P11(1710), P13(1720), and P13(1900). 



Helicity amplitudes for different quark model 

assignments for P11 and P13 
Mixing angle included 

Moorhouse violated 

amplitudes 

The experimental values are compatible with the Moorhouse-violated and 20-plet 

assignment of P11(1710) and P13(1720) ! 



• Since 20  56  35, the two-body decay of the 20-plets,  

  B(20)  B(56)  M(35), is suppressed. 

 

• The 20-plet decay will favor  

  B(20)  B(70) + M(35)  B(56) + M(35) + M(35). 

Some general features about the 20-plets 

B.R.(P11(1710)  N) ~ 40-90% 

 

B.R.(P13(1720)  N) ~ >70% 

Should be examined by precise measurement !  



Summary 

 The QCD spin-dependent forces result in configuration mixings in 

baryon resonances, and violation of naïve quark model selection 

rules.  

 

 However, the  selection rule turns to be robust due to the heavier 

mass of s-quark in N*  K. Experimental test of this seems 

possible at JLab. 

 

 As a consequence of the QCD mixings, one expects that 20-plet 

excitations are possible if the 3-quark-baryon scenario is dominant, 

while a dominant quark-diquark picture does not lead to [20, 1+]. 

Precise measurement of the P11 and P13 helicity amplitudes is 

important. 

 

 More theoretical studies are needed. 


