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ABSTRACT 

 

We investigate S=1 weak transition in the light of most general Skyrme type lagrangian containing terms up to 

quartic terms in field gradients. The additional parameters in the lagrangian are taken from pion-pion scattering 

data. Our decay amplitudes for anticommutator term in the Skyrme lagrangian shows much improvement over 

the Skyrme values. S-wave decay amplitudes are also reasonably reproduced in the model. 
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I. INTRODUCTION 

 

In Skyrme model, baryons emerge as solitonic 

solutions of non-linear pion field1. ANW2 calculated 

the physical properties of nucleons in the model 

within 30% accuracy. Since then, there has been 

motivation for studying mass spectrum and baryon 

static properties by including 

1) mesons heavier than pion3-10 
2) terms higher order in field derivatives11-14 
in the lagrangian. The extension of the model to 

strange sector to account for the large strange quark 

mass has been done by including chiral symmetry 

breaking terms whose complete survey is given in 

ref.15. If the Skyrme model has to emerge as an 

effective theory in the low limit, it must predict weak 

decays because as quoted by Scoccola16 these decays 

have been the least understood aspect of low energy 

weak interactions. 

PT17 calculated the weak decay amplitudes of 

hyperons in Skyrme model by constructing a weak 

Hamiltonian in form of current-current interaction 

and using the baryon wave functions of the model. In 

these calculations =1/2 rule (octet dominance) is 

well satisfied. These decay amplitudes were compared 

with quark model (QM) values e.g. for transition  

 +→   P   +  0 

It can be seen that chirally symmetric case(Eq.1) value 

is about five times smaller than QM value(Eq.3) and 

broken chiral symmetry(Eq.2) is about ten times 

smaller. It seems that 

the origin of failure in reproducing the absolute weak 

decay amplitudes lies in the small values 𝐹π(pion decay 

constant) which was used to predict the hyperon 

spectra19-20. A similar study was carried out by Kondo 

et.al.21 with bound state approach to strangeness in the 

model. The results obtained were qualitatively similar 

to those obtained by PT17 but quantitatively different. 

PT17quoted that lagrangian chosen 

by them is the least part of the physical one. Therefore, 

in this paper, the aim is to investigate the non-leptonic 

weak decay amplitudes of hyperons in Skyrme model 
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by considering a generalized lagrangian up to quartic 

terms in field gradients. 

Such a most general Skyrme type lagrangian was 

proposed 

by Weinberg22. One term of this lagrangian i.e. 

 

was considered by Lacombe et.el.23 in the Skyrme 

model 

for studying NN interaction and found that this term 

produces significant attraction in the intermediate 

range. It is, imperative, now to investigate the effects 

of additional terms proposed by Weinberg in the 

lagrangian on weak non-leptonic hyperon decay 

amplitudes. The paper is organized as follows 

• In section 2, SU(3) Skyrme model is 

discussed by considering the most general 

Skyrme type lagrangian. For calculating the 

various integrals, arctan ansatz is used for chiral 

angle. 

• Noether currents are discussed in section 3 

• In section 4, current×current weak 

Hamiltonian is derived in terms of SU(3) D-

functions. 

• Section 5 concludes the paper. 

 
2. SU(3) Skyrme Model 
 

The Skyrme lagrangian density  is 

 

 

Weinberg proposed that most general Skyrme type 

lagrangian density up to quartic in field derivatives is 

given by 

 

𝛽 𝑎𝑛𝑑 Υ are taken from π-π scattering data. Effective 

lagrangian is chosen as 

 

 

 
The lagrangian (Eq.6) has the static solution 

 
The model is quantized by making the unitary 

transformation 

 
 

where A(t) is time dependent SU(3) matrix which 

defines general velocities 𝑎 

 
𝜆𝒶 are the Gell- Mann SU (3) matrices. The chiral 

angle F(r) is subjected to boundary conditionsThe 

lagrangian (Eq.5) is, now, transformed to 

 
where M is the classical soliton mass. The quantities I1 

and I2 represent the moment of inertia for rotations in 

co-ordinate space and flavor rotations in the directions 

of strangeness respectively with 
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3. Noether Currents 

 

The left Noether currents in the model for lagrangian 

(Eq.6) can be easily obtained2. These currents for 

different pieces of the lagrangian are 

 
 

 
4. Weak Interaction Hamiltonian 

The current-current weak interaction Hamiltonian is 

given by16-17 
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II. CONCLUSION 

 

We have studied ∆S=1 weak transition amplitudes in 

the Skyrme model generalized up to quartic terms in 

field gradients. The analysis shows that a) the term γ ≠ 

0, 𝛽 = 0 does not show any improvement in decay 

amplitudes b) 𝛽 ≠ 0 𝑎𝑛𝑑 γ = 0 term 

shows major improvement in decay amplitudes over 

Skyrme values, still less than QM values. S-wave non-

leptonic hyperon decay amplitudes calculated for 𝛽 

term agree quiet well with QM values but less than 

experimental values. 
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