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K−p scattering and hyperon excitations

in a chiral quark model *
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Abstract A chiral quark-model approach is employed to study the K̄N scattering at low energies. The

processes of K−p → Σ0π0, Λπ0 and K̄0n at PK . 800 MeV/c (i.e. the center mass energy W . 1.7 GeV)

are investigated. The analysis shows that the Λ(1405)S01 dominates the processes K−p → Σ0π0, K̄0n in the

energy region considered here. Around PK ' 400 MeV/c, the Λ(1520)D03 is responsible for a strong resonant

peak in the cross section of K−p→Σ0π0 and K̄0n. To reproduce the data, an unexpectedly large coupling for

Λ(1520)D03 to KN is needed. In contrast, the coupling for Λ(1670)S01 to KN appears to be weak, which could

be due to configuration mixings between Λ(1405)S01 and Λ(1670)S01. By analyzing K−p → Λπ0, evidences

for two low mass S-wave states, Σ(1480)S11 and Σ(1560)S11 , seem to be available. With these two states,

the reaction K−p → K̄0n can also be described well. However, it is difficult to understand the low masses of

Σ(1480)S11 and Σ(1560)S11 . The s-channel amplitudes for K−p → Λπ0 are also larger than the naive quark

model expectations. The non-resonant background contributions, i.e. t-channel and/or u-channel, also play

important roles in the explanation of the angular distributions due to amplitude interferences.
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1 Introduction

In the literature, many experimental and theoret-

ical efforts have been devoted to understanding the

nature of the low-lying Λ and Σ resonances, i.e. hy-

perons. However, the properties of most resonances

are still controversial. For example, in the Λ spec-

trum it is still undetermined whether the Λ(1405)S01,

Λ(1670)S01 and Λ(1520)D03, are genuine qqq states

or have components beyond the qqq scenario, such

as multi-quark structure, though their JP are de-

termined [1–14]. In the Σ spectrum, although a

lot of states, such as Σ(1480)bumps, Σ(1560)bumps,

Σ(1670)bumps and Σ(1690)bumps, have been listed

by the Particle Data Group (PDG) [15], they are not

established at all. Their quantum numbers, struc-

tures, and resonance parameters are still unknown.

How to clarify these issues and make a contact with

experimental observables are still an open question in

theory.

Recently, the high-precision data for reactions

K−p → Σ0π0, Λπ0 and K̄0n at eight momentum

beams between 514 and 750 MeV/c are reported

[16, 17]. It provides us a good opportunity to study

the properties of these low-lying Λ and Σ resonances.

In this proceeding, we will report our progress on the

investigation of the K−p reactions in a chiral quark

model. In this model an effective chiral Lagrangian

is introduced to account for the quark-pseudoscalar-

meson coupling. Since the quark-meson coupling is

invariant under the chiral transformation, some of the

low-energy properties of QCD are retained. The chi-

ral quark model has been well developed and widely

applied to meson photoproduction reactions [18–26].

Its recent extension to describe the process of πN and

KN scattering [27, 28] and investigate the strong
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decays of charmed hadrons [29] also turns out to be

successful and inspiring.

As follows, we first give a brief introduction to the

chiral quark model framework. In Sec. 3, we present

the numerical results for K−p→Σ0π0, Λπ0 and K̄0n

in parallel with the experimental data. A summary

is given in Sec. 4.

2 Framework

In the chiral quark model, the quark-pseudoscalar-

meson coupling at tree level is described by [25, 26]

Hm =
∑

j

1

fm

ψ̄jγ
j
µγ

j
5ψj~τ ·∂µ ~φm, (1)

and the vector meson-quark coupling is given by

HV = ψ̄j

(

aγν +
ibσνλqλ

2mq

)

Vνψj , (2)

where ψj represents the j-th quark field in a

baryon, and fm is the meson’s decay constant. The

pseudoscalar-meson octet φm is written as

φm =
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and the vector-meson octet V is given by
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, (4)

where the constants a and b are the vector and tensor

coupling constants. They are treated as free param-

eters in this work.

The s and u channel transition amplitudes are de-

termined by

Ms =
∑

j

〈Nf |Hπ|Nj〉〈Nj |
1

Ei +ωK−Ej

HK|Ni〉, (5)

Mu =
∑

j

〈Nf |HK

1

Ei−ωπ−Ej

|Nj〉〈Nj |Hπ|Ni〉, (6)

where ωK is the energy of the incoming K−-meson.

HK and Hπ are the standard quark-meson couplings

at tree level described by Eq. (2). |Ni〉, |Nj〉 and

|Nf〉 stand for the initial, intermediate and final state

baryons, respectively, and their corresponding ener-

gies are Ei, Ej and Ef , which are the eigenvalues of

the NRCQM Hamiltonian Ĥ [1, 30]. The s and u

channel transition amplitudes have been worked out

in the harmonic oscillator basis in Refs. [27, 28].

For the t-channel, we considered the vector me-

son K∗ and scalar meson κ exchange in the reactions.

The following effective Lagrangian is adopted for the

pseudoscalar-vector meson coupling [31, 32]:

HPPV =−iGVTr([φm,∂µφm]V µ). (7)

The amplitudes have been derived in Ref. [28].

The amplitudes in terms of the harmonic oscil-

lator principle quantum number n are the sum of

a set of SU(6) multiplets with the same n. For

example, in the n = 1 shell there are four con-

tributing Λ resonances, i.e. Λ(1405)S01, Λ(1520)D03,

Λ(1670)S01 and Λ(1690)D03, and seven Σ resonances,

i.e. [70,2 8]S11, [70,2 8]D13, [70,2 10]S11, [70,2 10]D13,

[70,4 8]S11, [70,48]D13 and [70,4 8]D15. To see the con-

tributions of individual resonances, we need to sep-

arate out the single-resonance-excitation amplitudes

within each principle number n in the s-channel.

Taking into account the width effects of the res-

onances, the resonance transition amplitudes of the

s-channel can be generally expressed as [26, 27]

Ms
R =

2MR

s−M 2
R +iMRΓR

ORe−(k2+q2)/6α2

, (8)

In Eq. (8), OR is the separated operators for individ-

ual resonances in the s-channel. The detail of extract-

ing OR can be found in our recent work [28].

3 Results

In Figs. 1 and 2, the differential cross sections and

the total cross sections for K−p→Σ0π0, Λπ0 and K̄0n

at low energy region are reproduced successfully.

The resonance parameters used in present work

are listed in Table 1. They are fitted to the differen-

tial cross sections [16, 17], and agree with the PDG

values within the experimental uncertainties [15].

In K−p→Λπ0, two low-mass S-wave resonances,

Σ(1480) and Σ(1560), seem to be needed to repro-

duce the data. Further evidence of Σ(1480) could be

found in the K−p → K̄0n. It should be pointed out

that to reproduce the data for K−p→Λπ0, larger am-

plitudes of the s-channel are used. This is consistent

with the analysis by Oller et al. [9, 10]. Apart from

the K−p scattering, obvious evidence of Σ(1480) is

also confirmed in a recent study of pp→ pK+Y∗ [33].

Furthermore, the low mass and broad width S-wave

Σ state required here is in good agreement with Ref.

[34], where a S-wave Σ state with a mass of 1446 MeV

and width of 343 MeV is suggested as well. More re-

cently, Wu, Dulat and Zou find some evidence for a
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Fig. 1. Differential cross sections for K−p→Σ0π0, Λπ0 and K̄0n. The data are from Refs. [16, 17].

Fig. 2. Total cross sections for K−p → K̄0n, Λπ0, Σ0π0, respectively. The solid curves are the full model

calculations. 1) Data for K−p → K̄0n are from Refs. [17] (open squares), [36] (solid circles), [37] (left-

triangles), [38] (down-triangles), [39] (stars), [40] (up-triangles), [41] (open circles), [42] (solid squares).

2) Data for K−p → Λπ0 are from Refs. [43] (open squares), [36] (solid circles), [44] (left-triangles), [38]

(right-triangles), [45] (down-triangles), [17] (up-triangles), [46] (open circles), [40] (solid squares), [47] (solid

diamonds). 3) Data for K−p → Σ0π0 are from Refs. [45] (down-triangles), [48] (solid circles), [43] (solid

diamonds), [37] (left-triangles), [49] (up-triangles), [16] (open squares), and [40] (solid squares).
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very low mass (M∼ 1385 MeV) S-wave state with a

broad width in the old data for K−p → Λπ+π− [35].

But their mass is much less than 1480 MeV.

The Λ(1405)S01, which was reported previously in

our recent work [28], is also confirmed in K−p→ K̄0n.

The fitted mass is ∼ 1420 MeV, which is about

10 MeV larger than the upper limit of the PDG-

suggested value [15].

Both K−p → K̄0n and K−p → Σ0π0 reactions re-

quire a much larger contribution from Λ(1520) than

the quark model predictions. In contrast, we find

that the data favor a much smaller contribution from

Λ(1670) than the quark model prediction. The weak

coupling of S01(1670) to K̄N is also suggested by Oset

et al. [13] in their UχPT model.

In K−p → Σ0π0, Λπ0 and K̄0n, the non-resonant

backgrounds, u and t channels, play very important

roles. In the u-channel, the contributions mainly

come from the n= 0 shell nucleon or ∆ pole. And in

the t channel, the contributions mainly come from the

vector mesons (K∗, ρ) and scalar mesons (κ, a0(980))

exchanges.

Table 1. The fitted Breit-Wigner masses M (in

MeV) and widths Γ (in MeV) for the s-channel

resonances compared with the data. We note

that Σ(1480), Σ(1560) and Σ(1670) are the

unestablished states which are listed as bumps

in PDG [15].

lI,2J M Γ Mexp Γexp

[70,2 1] S01 1425 80 1406±4 50±2

D03 1520 13 1520±1 16±1

[70,2 10] S11 1790 160 1765±35 60∼ 160

D13 1780 80 ? ?

[70,2 8] S01 1678 40 1670±10 25∼ 50

D03 1690 60 1690±5 60±10

S11 1550 110 Σ(1560) 10∼ 110

D13 1680 70 1675±10 60±20

[70,4 8] S11 1460 340 Σ(1480) 10∼ 100

D13 1690 80 Σ(1670) 30±120

D15 1775 120 1775±5 120±15

[56,2 8] P01 1630 140 1630±70 150±100

P11 1660 250 1660±30 40∼ 200

In the quark model framework, the u channel al-

lows transitions that the initial and final state mesons

can be coupled to the same quark or different quarks,

while the s-channel can only occur via transitions that

the initial and final state mesons are coupled to dif-

ferent quarks. This explains the importance of the

u-channel contributions as a unique feature in the

K−p scattering. In comparison with the UχPT, the

agreement implies some similarity of the coupling

structure at leading order. The important role of u

channel in these reactions is also addressed in the

BχPT [14] and UχPT studies [8, 9].

The Λ(1405)S01 is the major contributor of the S-

wave amplitude in the reactions K−p→Σ0π0 and K̄0n

in the low-energy region. In contrast, the Σ(1480)S11

seems to be the major contributor of the S-wave

amplitude in K−p → Λπ0 according to our analy-

sis. Around PK = 400 MeV/c, the Λ(1520)D03 is

responsible for the strong resonant peak in the to-

tal cross sections of these two reactions. Around

PK = 700∼ 800 MeV/c, the differential cross sections

are sensitive to the Λ(1670)S01.

4 Summary

In this proceeding, we report our preliminary

results for the K−p scattering within a chiral quark

model. We find that the non-resonant backgrounds,

u and/or t channels, play very important roles in the

K−p scatterings. The Λ(1405) seems to have a mass

∼ 1420 MeV, which is about 10 MeV larger than the

PDG value. It is found that the Λ(1670)S01 has very

weaker couplings to KN, which may be explained

by the configuration mixings between Λ(1405)S01

and Λ(1670)S01 as suggested in our previous work

[28]. However Λ(1520)D03 has unexpected strong

couplings to KN, which is difficult to be explained

within the naive quark model.

The data for K−p → Λπ0 seem to favor two low-

mass states, Σ(1480) and Σ(1560), in the reactions.

The analysis of the process K−p→ K̄0n seems to sup-

port this conclusion as well. However, there are sev-

eral puzzles should be studied further: i) why the

masses of Σ(1480) and Σ(1560) are much smaller than

the quark model predictions? ii) why the amplitudes

of the s channel in K−p→Λπ0 are much larger than

the quark model predictions? Our final results will

be reported in a forthcoming work.
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