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Abstract. We discuss that some light baryon resonances exhibit properties
which cannot be described when attributing a three-valence quark structure to
them. Besides pointing out the hadron resonances which clearly require descrip-
tion beyond the quark model, we focus on the third s11, N∗ state and its decay
to final states consisting of the lightest hyperon resonances which have a partial
width comparable to that for the decay to πN. Such properties of the mentioned
nucleon resonance get manifested in the cross sections and other observables
related to processes producing the lightest hyperon resonances. We show that
all these findings arise from the strong association of the baryon resonances to
the dynamics among the ground-state hadrons.

1 Introduction

Though the findings of the pentaquarks in the charm sector, as reported by the LHCb collab-
oration [1–3] are a novelty in the field, we must recall that the concept of pentaquark nature is
not new and has been discussed since the discovery of the first excited nucleon and hyperon.
The puzzle of mass inversion of these first excited states, that is of N∗(1535) and Λ(1405) has
been discussed in several instances [4–11]. The enigma lies in the fact that, though the mass
of the ground state Λ is higher than the nucleons, due to the presence of the strange quark
in its composition, the mass of Λ(1405) is lighter than that of N∗(1535). The solution lies in
understanding Λ(1405) as udsq̄q, with q = u, d and N∗(1535) as qqqs̄s. The same notion is
frequently described as attributing a meson-baryon molecular nature to the two states. The
previous statement means that Λ(1405), for example, arises from πΣ-K̄N coupled channel
interaction. In fact, two complex energy poles are found in the amplitude determined by
solving scattering equations when considering hadron degrees of freedom (to see some re-
cent reviews and well-cited works on this topic, we direct the reader to Refs. [12–24]). The
mentioned poles interfere to produce a peak on the real axis which is identified with Λ(1405).
Similarly, N∗(1535) is known to couple strongly to KΛ and KΣ channels.
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Yet another example is that of the Ξ(1690) which is the first (well-known) excited Ξ

state. Though it possesses a significant phase space for decay to the πΞ channel, its width is
surprisingly small (Ref. [25] lists Γ = 20 ± 15 MeV). It is known to decay mostly to K̄Λ and
K̄Σ channels, which have thresholds very close to the nominal mass of Ξ(1690). Within the
traditional quark model, a light quark pair would be required to be generated through the 3p0
model for the decay of Ξ(1690) to πΞ as well as to KΛ. In such a case one would expect to
find the partial decay width for KΛ to be much smaller than for πΞ, which is contradictory
to the experimental findings [25]. In Ref. [26], coupled channel interactions were studied
in meson-baryon systems with total strangeness −2 and it was shown that Ξ(1690) can be
understood as a K̄Σ quasi-bound state. It was also found that the generated state couples very
weakly to πΞ, thus explaining the small width of Ξ(1690) despite the existence of a large
phase space available for such a decay process to occur. Similar conclusions are reached by
other, later works [27–30].

Such findings are not only important from the spectroscopic point of view and to decipher
the nature of the strong interactions at low energies but are also relevant to answering open
questions in other areas of research. For instance, there exists a puzzle on the abundance
of hyperons in Ar+Kcl collisions [31, 32], the ratio of the yield Ξ/(Σ + Λ) is found to be
underestimated by the transport model. As shown in Refs. [33–37], the existence of long-
lived resonances can affect the yield of hadrons in heavy ion collisions. The reason behind
the former statement is that different stable hadrons produced in the collisions can interact
with each other and can form a narrow state, and, in such a case, fewer stable hadrons would
reach the detectors. It was proposed in Ref. [26] that, particularly in the case of the find-
ings of Refs. [31, 32], it would be important to consider that Ξ(1690) can be produced by
interactions of kaons with the ground state hyperons. Yet another example is the presence of
an unexplained structure seen around 2 GeV, in the cross sections of the photoproduction of
the φ-meson on a nucleon. In fact, it has been proposed by the authors of Ref. [38] that the
structure can correspond to the excitation of a 3/2− resonance whose existence was proposed
in Ref. [39]. The list of the consequences of the presence of hadron resonances can be very
long. Just to mention one more example, is the famous field of investigation of the existence
of kaonic nuclear bound states with implications of the existence of strange matter in stars.
This latter topic is being dedicatedly explored at the Daφne facility in Frascati [40, 41].

It is the purpose of the present talk to review the formalism used in our works exploring
the properties of light baryon resonances. As we will show, our works are based on solving
scattering equations with kernels consisting of different diagrams contributing to interactions
between mesons and baryons from the octets. We will focus here on a nucleon resonance
found near 1.9 GeV [N∗(1890)], which coincides with the thresholds of kaon and light hyper-
ons: Λ(1405) and a proposed Σ(1400). The existence of the latter state has been contemplated
in Refs. [42–49]. We show that the N∗(1890) has a strong coupling to the kaon-light hyperon
channels. Further, we discuss that the proposed nature of such a nucleon resonance is very
useful in describing the cross sections of the photoproduction of Λ(1405) near the threshold
region.

2 Meson-baryon interactions

The method which is suitable to study the formation of molecular baryon resonances, from
meson-baryon interactions, is to deduce different possible interactions between the con-
stituents of the system and then solve the Bethe-Salpeter equation,

T = V + VGT, (1)
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+ +VPB =

VVB =
+ +

+

VPB → VVB =

Figure 1. Different diagrams considered at the tree level for meson-baryon interactions. The sub-
script PB (VB) stands for the pseudoscalar (vector)-baryon system. Double lines in the diagrams repre-
sent vector-mesons, dashed lines denote pseudoscalar-mesons and smeared, solid lines symbolize octet
baryons.

in a coupled channel approach. The idea is to consider coupled channels made of pseu-
doscalars and octet-baryons, as well as vector mesons and octet-baryons. For example, to
study the formation of baryon resonances with strangeness −1 we consider the following
coupled channels: K̄N, KΞ, πΣ, ηΛ, πΛ, ηΣ, K̄∗N, K∗Ξ, ρΣ, ωΛ, φΛ, ρΛ, ωΣ and φΣ [50].
The diagrams which are considered at the tree level in Ref. [50] are shown in Fig. 1. The
Lagrangian used to write the different vertices shown in Fig. 1 are [11, 26, 49–51]

LVB = −g

{
〈B̄γµ

[
Vµ, B

]
〉 + 〈B̄γµB〉〈Vµ〉 +

1
4M

(
F〈B̄σµν

[
Vµν, B

]
〉 + D〈B̄σµν {Vµν, B}〉

)}
,

LPB = 〈B̄iγµ∂µB + B̄iγµ[Γµ, B]〉 − MB〈B̄B〉 +
1
2

D′〈B̄γµγ5{uµ, B}〉 +
1
2

F′〈B̄γµγ5[uµ, B]〉,

LPBVB =
−igPBVB

2 fπ

(
F′〈B̄γµγ5

[[
P,Vµ

]
, B

]
〉 + D′〈B̄γµγ5

{[
P,Vµ

]
, B

}
〉
)
, (2)

where LPB is the lowest order chiral Lagrangian [8, 42, 52–56], LVB and LPBVB are based
on the hidden local symmetry which treats vector mesons as the gauge bosons [57, 58]. The
values of the constants D = 2.4, F = 0.82, D′ =0.8 and F′=0.46, in Eq. (2), are taken such
as to reproduce the anomalous magnetic couplings at the vector-baryon-baryon vertices in
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agreement with the experimental data and to get axial coupling constant of the nucleon as
F′ + D′ ' gA = 1.26 [59–61]. Further, fπ represents the pion decay constant, g = mv/(

√
2 fv)

with mv( fv) being the mass (decay constant) of the vector-meson present in the vertex, and

Γµ =
1
2

(
u†∂µu + u∂µu†

)
,

U = u2 = Exp
(
i

P
fP

)
uµ = iu†∂µUu†,

where the octet fields are defined through

P =


π0 + 1

√
3
η

√
2π+

√
2K+

√
2π− −π0 + 1

√
3
η
√

2K0
√

2K−
√

2K̄0 −2
√

3
η

 ,

B =


1
√

6
Λ + 1

√
2
Σ0 Σ+ p

Σ− 1
√

6
Λ − 1

√
2
Σ0 n

Ξ− Ξ0 −

√
2
3 Λ

 .
The tensor field for the vector mesons, in the Lagrangians [Eq. (2)], is written as

Vµν = ∂µVν − ∂νVµ + ig
[
Vµ,Vν] , (3)

with,

V =
1
2


ρ0 + ω

√
2ρ+

√
2K∗

+

√
2ρ− −ρ0 + ω

√
2K∗

0

√
2K∗

−
√

2K̄∗
0 √

2φ


(4)

in our normalization scheme. It is worth mentioning that the two-meson field part of the
Eq. (3) leads to a contact term when substituting it in Eq. (2), and hence giving rise to an
extra diagram contributing to vector-baryon interaction when compared to the pseudoscalar-
baryon systems.

3 Amplitudes showing appearance of resonances

Having determined the tree-level diagrams, Eq. (1) is solved in the on-shell approximation,
in which case we end up with a divergent loop function, that needs to be regularized. A few
words on the method of resolution of Eq. (1) are in order here. It is well known that Eq. (1)
is an integral equation, in general. However, there appears a simplification when contact-like
interaction potential V , projected in s-wave, determined from the Lagrangians of Eq. (2), are
considered. In such a case the off-shell dependence of the kernel leads to contributions which
can be absorbed in the parameters, like the pion decay constant, appearing in the kernel.
Thus, one can factorize V out of the integral, and use the physical values for the pion decay
constant instead of using its bare value, and the integration remains on the loop function of the
two hadrons alone. This loop function, however, in such a scheme, is divergent and requires
regularization. As discussed in Refs. [42, 50, 62–64], such a method is equivalent to the one
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where counter terms in the Lagrangian are used to cancel the divergences since a subtraction
constant used to regularize the loop function can be interpreted as a term added to the kernel
V .

The regularization parameters, which are subtraction constants related to the diagonal
elements of the T -matrix, together with gπ and gPBVB are taken as free parameters whose
values are fixed by making a χ2-fit to relevant experimental data. For instance, in the case of
meson-baryon systems with total strangeness −1, we consider [50] experimental data on the
total cross sections of the kaon-nucleon processes: K−p→ K−p, K̄0n, ηΛ, π0Λ π0Σ0, π±Σ∓,
near the related threshold region ( about 30-50 MeV above the respective thresholds), as well
as the data on energy level shift and width of the 1s-state of the kaonic hydrogen determined
by the SIDDHARTA collaboration [65]. In the case of systems with total strangeness zero,
we consider the data on isospin 1/2 and 3/2 πN amplitudes, available from the partial wave
analysis of Ref. [66], and cross sections on the π−p → ηn and π−p → K0Λ processes. As an
example, we show two types of fits obtained for the total cross section for K−p → K−p and
K−p→ K̄0n processes in Fig. 2. More results can be found in Refs. [50, 51].
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Figure 2. Total cross sections for the K−p→ K−p (left panel) and K−p→ K̄0n (right panel) processes.
The shaded regions show two types of similar quality fits to the experimental data. The data are taken
from Refs. [67–72].

Before further discussions, we must recall that the motivation of the formalism discussed
here is to study the contribution of hadron dynamics to the structure of resonances. When
poles in the complex plane are found to appear in the amplitudes determined by solving the
Bethe-Salpeter equation, the related states are interpreted as those that require contributions
beyond the one attributed by the traditional quark model. The former statement implies that
the wavefunctions of the states found in our work get the dominant contribution from hadron
dynamics. Indeed, the wave function has contributions from the quark components as well
though such contributions are expected to be small. For such purposes, all the interactions
are kept in s-wave. Thus, vector-baryon systems with a particular strangeness can have total
spin-parity 1/2− or 3/2−. While studying states with spin-parity 1/2−, systems made of both
pseudoscalar and vector mesons can be treated as coupled channels. Such a treatment is es-
pecially important when the two types of channels can have similar thresholds, for example,
KΞ and K̄∗N. Another advantage of the mentioned formalism is the possibility of determin-
ing the coupling of the low-lying resonances, like Λ(1405) to the vector-baryon channels.
Such information can be used to determine the radiative decay of baryon resonances, through
the vector meson dominance, which in turn can serve for studying the photoproduction of
resonances.

We focus in this proceedings, especially on reviewing the results of the two particular
cases: of systems with total strangeness zero and strangeness −1 having total spin-parity
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1/2−. As we will discuss, they are of special interest since the results of the two cases can
be interrelated and a compound effect of their nature can be observed in data. In the case of
strangeness 0, we find the appearance of three S 11 nucleon resonances: N∗(1535), N∗(1650),
and N∗(1895) in the isospin 1/2 sector and of ∆(1620) in total isospin 3/2. It is important to
mention that N∗(1535) is found to strongly couple to the KΣ channel, in agreement with the
findings of Refs. [6, 7, 9, 10], while N∗(1650) couples most to ρN (in agreement with the
results of Refs. [73, 74]). The case of N∗(1895) is also interesting since the traditional quark
model predicts the existence of a third S 11 state to be around 2 GeV [75–78], indicating the
need of considering contributions from hadron dynamics to describe its properties (as indeed
found in Ref. [51]). In Fig. 3 we show the modulus squared amplitude for the K∗Λ channel,
which shows a clear peak related to N∗(1895).

γ

p

N*(1895)

Λ(1405)

V(P, V )

P(V )

K+

1800 1850 1900 1950 2000
Total Energy (MeV)

0.02

0.04

0.06

0.08

| T
K

*Λ
|2 M

eV
−2

Figure 3. Modulus squared amplitude for K∗Λ→ K∗Λ.

In the systems with strangeness −1, we find that poles related to Λ(1405), Λ(1670) and
Λ(1800) arise in isoscalar amplitudes as well as the isovector states which can be related to
Σ(1400), to either Σ(1620) or Σ(1670) and Σ(1900) are found to appear. It must be mentioned
that, out of the aforementioned states, Σ(1400) is not a well-established state. There exist
several works indicating that different experimental data require the existence of Σ(1400) to
get a good fit [42–49]. Our work, in Ref. [50], also led to such conclusions. However, better
quality data are required to make stronger affirmations. As we shall shortly discuss, data on
photon-proton collisions can be useful to clarify the situation.

4 Implications of the properties of N∗(1895) on the photoproduction
of lowest hyperon resonances

At this point, we can present a study of the photoproduction process as a tool to investigate
the properties of nucleon as well as hyperon resonances. Specifically interrelated states are
N∗(1895), Λ(1405) and the proposed Σ(1400) since the mass of N∗(1895) lies very close to
the thresholds of kaon and hyperon(1400). In such a case a diagram, as shown in Fig. 4,
can contribute to the photoproduction of Λ(1405) and Σ(1400). It is important to mention
here that all the vertices shown in Fig. 4 are well determined in our works and are not free
parameters. The radiative decay of N∗(1895) can be straightforwardly calculated through
vector meson dominance since the couplings of the resonance to vector-baryon channels are
determined as residues of the related poles found in the complex energy plane. Similarly,
all the vertices shown in the triangular loop are known as couplings of either N∗(1895) or of
Λ(1405) to different meson-baryon channels. More details of the calculations can be found
in Refs. [79–82].
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Figure 4. A diagram showing exchange of a nucleon resonance in the s-channel, leading to the produc-
tion of a hyperon resonance in the final state.

With this idea in mind, in Ref. [80], we first investigated γ + p → K+Λ(1405) by con-
sidering an exchange of kaon and K∗(892) Regge series in the t-channel, the exchange of a
nucleon and several resonances in the s-channel and those of hyperons in the u-channel dia-
gram. We compared our results with the experimental data available on the process from the
CLAS Collaboration [83, 84] and found that the total cross sections near the threshold get a
large contribution from the s-channel exchange of N∗(1895). Having results in good compar-
ison with the data, we then studied γ+ p→ K+Σ(1400) and found that the total cross sections
for this process are about an order magnitude smaller than the ones for the photoproduction
of Λ(1405) but can be measured at experimental facilities like JLAB, LEPS, etc. We have
provided results for several polarization variables too, in Ref. [80], for the photoproduction
of both Λ(1405) and Σ(1400), which we hope can motivate experimental investigations of the
photoproduction processes in the future.

Another takeaway message of our works is that the partial wave analyses of the data on
photoproduction of the low-lying hyperon resonances can be used for extracting information
on nucleon resonances around 1900 MeV.
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