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We study the structure of the Λ(1405) resonance based on the chiral unitary model.
In the photoproduction of K∗ vector meson, we obtain a spectrum of Λ(1405) which
peaks at 1420 MeV and differs from the nominal shape. This is a consequence of
the dominance of one of the two poles at around 1400 MeV, predicted by the
chiral unitary model. The novel structure of the Λ(1405) state would be revealed
by an experimental study of the present reaction and other reactions, such as
π−p → K0πΣ, in which the other pole is favored.

The Λ(1405) resonance has been one of the most interesting particles in
baryon spectroscopy, because of the lightest mass in the low-lying negative
parity states and the difficulty in describing it within a naive quark model.
A successful approach based on the meson-baryon molecule picture1 is re-
visited with the modern knowledge of chiral perturbation theory, and leads
to the development of the chiral unitary approaches.2,3,4

The chiral unitary model reproduces the S = −1 meson-baryon scat-
tering amplitude in good agreement with data, generating the Λ(1405) dy-
namically. Interestingly, in the energy region of 1400 MeV, two poles are
generated in the I = 0 scattering amplitude.5,6,7,8,9,10,11,12 This double
pole structure is qualitatively independent of the details of the models. It
is worth noting that this structure was first reported within the cloudy bag
model.13 Also in a study of 1/2− pentaquark states based on the correlated
diquark picture14, two Λ∗ states were found in the relatively low energy
region.
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Table 1. Pole positions and coupling strengths
|gi| to meson-baryon channels.

position [MeV] πΣ K̄N ηΛ KΞ

z1 = 1390− 66i 2.9 2.1 0.77 0.61
z2 = 1426− 16i 1.5 2.7 1.4 0.35

These poles have been analyzed in Ref. 15 through the argument based
on flavor SU(3) symmetry. The positions of the poles and their coupling
strengths to meson-baryon channels are shown in Table 1. As seen in the
table, the pole z1 couples dominantly to πΣ channels, while z2 couples
dominantly to K̄N channels. This indicates that the spectra of Λ(1405)
seen in invariant mass distribution of πΣ differ depending on the reactions
to generate the resonance. In fact, such differences were seen in previous
theoretical studies,16,17 and it was found in Ref. 18 that the z1 pole was
favored in the π−p → K0πΣ reaction.19

In this paper, we study the threshold production of K∗ and Λ(1405) in
order to isolate the z2 pole.20 This reaction has some advantages:

• With the polarized photon beam, the parity of the exchanged parti-
cle can be identified by the angular distribution of the final π+K0.

• In pseudoscalar K exchange, the pole z2 will be favored, because
only the K̄N channel couples to Λ(1405) in the initial stage.

The scattering amplitude of this process (the upper panel of Fig. 1) can be
divided into two parts,

−it = (−itγ→K−Kπ)
i

p2
K− −m2

K−
(−itK−p→MB) . (1)

The former part (−itγ→K−Kπ), is derived from the effective Lagrangians,20

and it evantually shows a clear correlation between the π+K0 distribution
and the polarization of the initial photon. The amplitude (−itK−p→MB) is
constructed as

−itK−p→MB = −itChU − itΣ∗ , (2)

as shown in the lower panel of Fig. 1. We denote −itChU the meson-baryon
scattering amplitude derived from the chiral unitary model, and −itΣ∗ is
the Σ(1385) pole term. In the chiral unitary model,6,9 tChU is obtained by

tChU = [1− V G]−1V , (3)

where G is the meson-baryon loop function and V is the kernel interaction
derived from the Weinberg-Tomozawa term of the chiral Lagrangian. The
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Figure 1. Feynman diagram for the reaction. M and B denote the meson and baryon
of ten coupled channels of S = −1 meson-baryon scattering.

−itΣ∗ term is introduced with the resonance propagator of the Breit-Wigner
form and coupling constants deduced from the πN∆ coupling using SU(6)
symmetry. We have introduced a strong form factor of monopole type with
cutoff Λ = 1 GeV, for the vertex K−pΣ∗ in order to account for the finite
size structure of the baryons.

The total cross sections of this reaction for final MB states πΣ and πΛ
are of the order of a few hundred nano barn. Among them, the πΛ(I = 1)
channel gives the largest magnitude, which might disturb the I = 0 ampli-
tude that we are interested in. However, below the threshold of the K̄N

channel, it is possible to isolate the Λ(1405) from Σ(1385) contribution,
using a proper combination of the final states. Neglecting the I = 2 com-
ponent which is not relevant in the present study, the isospin decomposition
of the πΣ states is instructive,

dσ(π±Σ∓)
dMI

∝ 1
3
|T (0)|2 +

1
2
|T (1)|2 ± 2√

6
Re(T (0)T (1)∗) ;

dσ(π0Σ0)
dMI

∝ 1
3
|T (0)|2 ,

(4)

where T (I) is the amplitude with isospin I. It is seen that the charged
channels (π±Σ∓) couple to both Λ(1405)(I = 0) and Σ(1385)(I = 1), while
the neutral channels couple to either one of the two; π0Σ0 is to Λ(1405)
and π0Λ is to Σ(1385).

The invariant mass distributions for πΛ and πΣ final states are shown
in Fig. 2. The photon energy is set as Eγ = 2500 MeV (

√
s ∼ 2350 MeV),

which is the threshold energy for K∗Λ(1405) production. The neutral final
states, π0Σ0 and π0Λ are pure I = 0 and I = 1, respectively, and we clearly
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Figure 2. Invariant mass distributions of π0Σ0 (Thick solid), π+Σ− (Dashed), π−Σ+

(Dash-dot-dotted), π0Λ (Dash-dotted) and (π+Σ− + π+Σ−)/2 (Thin solid) in units of
[nb/MeV]. Initial photon energy in Lab. frame is 2500 MeV (threshold of K∗Λ(1405)).

see the separation of the Λ(1405) and Σ(1385). As expected, the peak
position of the I = 0 spectrum is around 1420 MeV, which indicates the
dominance of the z2 pole. These neutral channels are helpful to distinguish
the isospin states, although detection would be difficult experimentally.

The charged final states (dashed and dash-dot-dotted lines) are eas-
ier to observe in experiments. These spectrum shows similar structure
as the Kaon photoproduction process,16 which has been confirmed in
experiments.21 As seen in Eq. (4), the difference between π+Σ− and π−Σ+

is originated from the interference term Re(T (0)T (1)∗), and it vanishes when
we sum the two distributions. We show the average of the charged πΣ chan-
nels by the thin solid line in Fig. 2. A peak of the spectrum is again seen
at around 1420 MeV, showing the dominance of the z2 pole. Compared to
the π0Σ0 spectrum, the width of this distribution is slightly larger because
of a finite contribution from the Σ(1385).

In summary, we have studied the structure of the Λ(1405) through the
γp → K∗Λ(1405) → π+K0MB reaction, in which the use of a polarized
photon makes the reaction mechanism simpler. In this reaction, we obtain
an I = 0 spectrum which peaks at around 1420 MeV with a narrower width
than the nominal Λ(1405), reflecting the fact that the two poles are present
in this energy region. Detailed analysis of this reaction and other processes
dominated by the z1 pole will reveal the novel structure of the Λ(1405)
resonance. The experimental confirmation of two Λ∗ states would provide
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more information on hadron spectroscopy and non-perturbative dynamics
of QCD.
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