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Abstract

The structure of the 1/2¯ Λ0(1405) resonance has been recently questioned by the Baryon Scattering Collaboration[1].

This state has been analyzed to suggest that it could be a resonance in the π¯Σ+ spectrum. Given the proposed

configuration, this paper investigates its structure in terms of a du-bar plus u u s pentaquark. The first-order pentaquark

mass formula, based on the meson and baryon models of Zel'dovich and Sakharov, predicts the correct spin and parity

for the Λ0(1405), and a mass within 5% of the measured value.
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1. Introduction

The Baryon Scattering Collaboration[1] notes that there is a lack of consensus regarding the character of the 1/2¯

Λ0(1405). For example, there is a question regarding the presence of a single resonance or two adjacent resonances[1].

The character of this state has not been investigated in terms of a pentaquark structure. This is a logical investigation

since the low-energy K¯ p amplitude measured in bubble chamber experiments implies a resonance in the π¯Σ+

spectrum[1].

A first-order pentaquark model has been developed and applied in previous studies. The model has provided reasonable

predictions for the Jπ values and masses in previous pentaquark studies[2][3][4][5][6][7].

2. Model Formulation

The first-order pentaquark mass formula is based on the semiempirical mass formulae of Zel'dovich and Sakharov[8][9].

This model weakly couples a meson and baryon to form the requisite pentaquark.

The meson mass formula has the form

Mm = δm + m1 + m2 + bm[m2
o/(m1m2)]σ1 · σ2 (1)
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In Eq. 1, the mi (i = 1 and 2) are the masses of the quarks comprising the meson cluster, m0 is the average mass of a first

generation quark (u and d) [10][11], and the σi are the spin vectors for the associated quarks. The scalar product of the

quark spin vectors (σ1·σ2) has the value -3/4 and +1/4 for pseudoscalar and vector mesons, respectively[9]. Completing

the specification of Eq. 1 are the parameters δm and bm defined by Zel'dovich and Sakharov[8][9] that have the values 40

MeV/c2 and 615 MeV/c2, respectively[9]. 

Eq. 1 utilizes effective quark masses determined by Griffiths[10] for d, u, s, c, b, and t quarks that have the values 340,

336, 486, 1550, 4730, and 177000 MeV/c2, respectively. Following standard convention[10][11], the quarks are grouped

into three generations: [d(-1/3), u(+2/3)], [s(-1/3), c(+2/3)], and [b(-1/3), t(+2/3)][10][11]. Quark charges, in terms of the unit

charge e, are given within the parentheses.

In a similar manner, the pentaquark mass formula has the form

Mb = δb + m1 + m2 + m3 + (bb/3){[m2
o/(m1m2)]σ1 · σ2

+ [mo2/(m1m3)]σ1 · σ3 + [m2
o/(m2m2)]σ2 · σ3}

(2)

where the labels 1, 2, and 3 identify the three quarks comprising the baryon. The parameters δb and bb are defined by

Zel'dovich and Sakharov[8][9] that have the values 230 MeV/c2 and 615 MeV/c2, respectively[9]. For a particle with a total

baryon spin J = ½ and two identical quarks (q2 and q3), the following particle spin vector products apply:

σ2 · σ3 = ¼ and σ1 · σ3 = σ1 · σ2 = − 1/2[9].

3. Pentaquark Model of the Λ0(1405)

The first-order mass formula for a pentaquark provides a primitive spin assignment by combing the meson (π¯, Jπ = 0¯)

and baryon (Σ+, Jπ = 1/2+) with zero angular momentum between the clusters

Jπ = 0¯ x 0 x 1/2+ = 1/2¯ (3)

Eq. 3 provides the correct 1/2¯ assignment for the Λ0(1405).

The Λ0(1405) mass is defined in terms of the meson and baryon masses

M[Λ0(1405)] = M(π¯[du − bar]) + M(Σ+ [uus]) + Φ (4)

where the quark content of the meson and baryon are provided in the brackets, the pion (sigma plus) mass is determined

from Eq. 1 (2), and Φ is the interaction potential between and meson and baryon clusters. In Eq. 4, Φ is assumed to be

much smaller than the masses appearing in Eq. 4.

Using Eq. 4 and the quark masses from Ref. 10 leads to a first-order mass prediction of 1471.1 MeV/c2. This result is

within 5% of the experimental Λ0(1405) mass of 1405.1 MeV/c2.
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4. Conclusions

A first-order pentaquark mass formula is used to predict the Λ0(1405) mass. The model weakly couples the π¯meson and

Σ+ baryon. By assuming zero angular momentum between the clusters, the pentaquark model leads to a predicted Jπ

value of 1/2¯ that is in agreement with experiments. The predicted first-order model mass is within 5% of the measured

value. These results suggest that the Λ0(1405) is reasonably well modeled as a pentaquark. However, that contention has

not been experimentally observed.
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