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Baryons being bound states of three quarks.

The proton might contain a substantial 
strange quark-antiquark component



Deep Inelastic Scattering

The non-zero strange spin of the proton 
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The strangeness magnetic moment can be extrapolated 
from the strange magnetic form factor
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The apparent OZI rule violation       production nucleon-
antinucleon annihilation reactions suggests the existence of 
strange quarks in the nucleon. 
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The presence of uudss piece in the proton wave function.suuds
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Some experimental measurements suggest a positive value for s

But most theoretical calculations of the proton derive a 
negative value for this observable !
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P -state

15 configurations!
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The branching ratios for the reactions
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The color state of the antiquark in pentaquarks is a [11] antitriplet
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color singlet

The color wave function of the four-quark configuration must 
be a [211]3 triplet
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The corresponding singlet color wave function of the
pentaquark at color symmetry pattern l, ,  is given by

The  color wave functions can be derived by applying the 
l, ,  type projection operators of the irreducible 
representation IR[211] of the permutation group S4 in 
Yamanouchi basis, onto single particle color states



The total wave function of the four quark configuration is 
antisymmetric
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the spatial-spin-flavor part must be a [31] state



spatial-flavor-spin ]31[color ]211[

Applying the IR[31] and IR[211] of the permutation group S4 in Yamanouchi basis 



The spin-flavor of the q4  

The spatial-spin-flavor of the q4  
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According to the requirement of positive parity for the proton wave function

P -state 1

S-state

the spatial part takes the [4]O symmetry
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P -state

the spatial wave function of the subsystem has the mixed symmetry  [31]O
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The internal spatial wave functions are approximated as the harmonic oscillator 
forms
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The effective operators 

the effective strength parameter
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Choosing the plane wave basis for the relative motion of the proton and antiproton
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In the low-momentum approximation, we have the transition amplitude
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the spin-color-flavor weight
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the spin-color-flavor weight
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The spin-angular momentum functions
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The partial decay width for the transition of the state to the two-meson state
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Branching ratio the partial decay width divided by the total width
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Including the initial state interaction for the atomic state of the systempp
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The protonium wave function in momentum space for fixed isospin I
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Reducing the model dependence
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Choosing a simplified phenomenological approach that has been 

applied in studies of two-meson branching ratios in nucleon-
antinucleon and radiative protonium annihilation.

we use a kinematical phase-space factor 
of the phenomenological form

The initial-state interaction coefficients

are related to the probability 
for a protonium state to have 

isospin I and spin J 

}exp{)(),( 223 kQkkdJI k

I

LSJ  


f



Results









Conclusions
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Branching ratios

The best agreement of theoretical results 
with the experimental data is found in the 
pentaquark configuration with the  flavor-
spin symmetry 
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