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Predictions for the Λb → J/ψ Λ(1405) decay
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We calculate the shape of the πΣ and K̄N invariant mass distributions in the Λb → J/ψ πΣ and
Λb → J/ψ K̄N decays that are dominated by the Λ(1405) resonance. The weak interaction part
is the same for both processes and the hadronization into the different meson-baryon channels in
the final state is related by SU(3) symmetry. The most important feature is the implementation of
the meson-baryon final-state interaction using two chiral unitary models from different theoretical
groups. Both approaches give a good description of antikaon-nucleon scattering data, the complex
energy shift in kaonic hydrogen and the line shapes of πΣK in photoproduction, based on the two-
pole scenario for the Λ(1405). We find that this reaction reflects more the higher mass pole and we
make predictions of the line shapes and relative strength of the meson-baryon distributions in the
final state.

PACS numbers:

I. INTRODUCTION

The nonleptonic weak decays of charmed and bottom
hadrons are turning into a useful tool to learn about
the nature of hadrons. Although weak interactions vi-
olate parity and isospin, the dominance of certain mech-
anisms at the quark level induced by the topology of the
mechanisms and the strength of the different Cabibbo-
Kobayashi-Maskawamatrix elements, allows one to select
certain decays modes that turn out to be sensitive to the
production of some particular hadrons, see e.g. Refs. [1–
3]. In this way, surprises are found like the strong signal
of the f0(980) in B0

s decay into J/ψ and π+π− [4, 5],
while no signal was found for the f0(500). This is sur-
prising since the f0(500) couples more strongly to π+π−

than the f0(980). Further, in the decay of B̄0 into J/ψ
and π+π− [6], the f0(500) signal was prominent while the
f0(980) production was strongly suppressed. Attempts
to explain these features in terms of tetraquark struc-
tures for the scalar mesons were made in [7]. A differ-
ent line of investigation has been opened in [8] following
the findings of chiral unitary theory, where these scalar
mesons are dynamically generated from the interaction of
pseudoscalar mesons [9–14]. In this approach, the basic
mechanism at the quark level is identified as follows: one
cc̄ state forms the J/ψ, another qq̄ pair hadronizes into
a pair of mesons, and the final state interaction of these
mesons leads to the production of the scalar resonances.
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It should be mentioned that the use of unitarized chi-
ral perturbation theory to explore the physics of heavy
meson decays was pioneered in Refs. [15, 16], and has
been recently employed to quantify the S-wave pollution
in semi-leptonic B decays [17] and to facilitate the ex-
traction of |Vub| from Bℓ4 decays [18].
The method of Ref. [8] has allowed one to interpret

many other different decays. In this sense, ratios for
the production of J/ψ and vector mesons in B decays
were evaluated in [19] and predictions for the J/ψκ(800)
decay were also made. In [20] the D0 decays into K0

s

and f0(500), f0(980), a0(980) were described. Dynami-
cally generated states from the vector-vector interaction
were investigated in the B̄0 and B̄0

s decays into J/ψ plus
f0(1370), f0(1710), f2(1270), f

′
2(1525), K

∗
2 (1430) [21].

Similarly, the B̄0 decay intoD0 and ρ or f0(500), f0(980),
a0(980) and B̄

0
s decays into D0 and K∗0 or κ(800) were

addressed in [22]. Further work is done in [23], where the
KD scattering and the D∗

s0(2317) resonance were stud-
ied from the B0

s decay into Ds DK. Also, semileptonic
Bs and B decays are addressed in [24].
In the present work we would like to follow this

same line of reasoning but involving baryons rather
than mesons. The reaction we study here is Λb →
J/ψ Λ(1405), where the Λ(1405) is to be seen in the
πΣ spectrum. This reaction is not measured yet but
the related process Λb → J/ψ Λ(1115) has already been
measured by the D0 [25] and the ATLAS [26] collabo-
rations. Further, there is experimental information on
the Λb → J/ψ K−p decay channel from the LHCb [27]
and CDF [28] collaborations. No absolute values are pro-
vided for this latter decay and only ratios to other reac-
tions are studied. Our work will allow us to relate the
Λb → J/ψ Λ(1405) decay to the Λb → J/ψ K−p de-
cay and ratios between the invariant K−p and πΣ mass
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distributions will be provided.

The reason to suggest the measurement of the Λ(1405)
in the Λb decay is the relevance of the Λ(1405) as the
most significant example of a dynamically generated res-
onance. Indeed, very early it was already suggested that
this resonance should be a molecular state of K̄N and
πΣ [29, 30]. This view has been also invoked in Ref. [31].
However, it was with the advent of chiral unitary theory,
this idea gained strength [32–46].

One of the surprises of these works is that two poles
were found for the Λ(1405) 1. The existence of two states
was hinted in [47], using the chiral quark model, and it
was found in [35] using the chiral unitary approach. A
thorough search was conducted in [39] by looking at the
breaking of SU(3) in a gradual way, confirming the exis-
tence of these two poles and its dynamical origin. One
of the consequences of this two-pole structure is that the
peak of the resonance does not always appear at the same
energy, but varies between 1420 MeV and 1480 MeV
depending on the reaction used [48–55]. This is be-
cause different reactions give different weights to each of
the poles. While originally most reactions gave energies
around 1400 MeV, the origin of the nominal mass of the
resonance, the K−p → π0π0Σ0 was measured [51] and a
peak was observed around 1420 MeV, narrower than the
one observed in [48, 49], which was interpreted within
the chiral unitary approach in [56]. Another illustrating
experiment was the one of [57] where a clear peak was
observed around 1420 MeV in the K−d→ nπΣ reaction,
which was also interpreted theoretically in [58] along the
same lines, see also Refs. [59, 60]. Very recently it has
also been suggested that the neutrino induced produc-
tion of the Λ(1405) is a good tool to further investigate
the properties and nature of this resonance [61].

The basic feature in the dynamical generation of the
Λ(1405) in the chiral unitary approach is the coupled
channel unitary treatment of the interaction between the
coupled channelsK−p, K̄0n, π0Λ, π0Σ0, ηΛ, ηΣ0, π+Σ−,
π−Σ+, K+Ξ− and K0Ξ0. The coupled channels study
allows us to relate the K−p and πΣ production, where
the resonance is seen, and this is a unique feature of
the nature of this resonance as a dynamically generated
state. It allows us to make predictions for the Λ(1405)
production from the measured Λb → J/ψ K−p decay.

Technically, the work proceeds as follows: the basic
mechanism for the Λb → J/ψ K−p decay at the quark
level is identified. First, a cc̄ state is produced, which
forms the the J/ψ, and the three remaining light quarks
u, d, s hadronize to a meson-baryon pair. After this, the
latter undergoes final state interactions in coupled chan-
nels, such that the Λ(1405) is unavoidably produced. To
calculate the corresponding decays, we shall use two dif-
ferent models of the coupled channels interaction: One
of them [62, 63] uses the lowest order chiral Lagrangians

1 In fact, one might thus speak of two Λ(1405) particles.

slightly modified to fit the photoproduction data from
CLAS [52, 53]. The other one incorporates explicitly the
next-to-leading order Lagrangian with coefficients that
are also fitted to the same data [64]. This latter approach
has been used to generate theoretical uncertainties, which
are important for judging the precision achieved. In spite
of the apparent differences, the results for different ob-
servables are remarkably similar in both approaches and
the two poles obtained are practically identical and quite
similar to those obtained in [39].
This is the first theoretical work done for this reac-

tion, yet it shares some aspects with a similar process,
the Λc → π+π−Σ reaction, which was proposed in [65]
as a tool to measure the π−Σ scattering length. Indeed,
in [65] the hadronization of the final three quark state at
the tree level is done, albeit in a different way, and the
final-state interaction of coupled channels is described in
a similar manner as done here. Other works for related
reactions use quark models to evaluate amplitudes, like in
the study of the Λb → J/ψ Λ(1115) reaction [66], or the
semileptonic transitions from B̄s → Klν̄l [67]. Further,
some studies make use of heavy quark effective theory to
evaluate related amplitudes as for the process Λb → Λclν̄l
[68]. In contrast to these later works, the one presented
here, as well as the one of [65], does not perform a mi-
croscopic study of the reaction since we do not aim at
obtaining absolute rates, instead we exploit the dynam-
ics of the coupled channels to relate the distributions of
invariant masses in different final states, hopefully con-
tributing to a better understanding of the meson-baryon
interaction and the nature of some resonances, in partic-
ular the Λ(1405).

II. FORMALISM

In this section we describe the reaction mechanism for
the process Λb → J/ψΛ(1405), which is divided into
three parts. The first two parts describe the decay mech-
anism Λb → J/ψ Bφ, with Bφ the meson-baryon system
of strangeness S = −1, in the language of the quark
model. Then, after hadronization, the final-state inter-
action is described in terms of the effective (hadronic)
degrees of freedom of chiral perturbation theory (ChPT).
After a resummation of the chiral meson-baryon poten-
tial to an infinite order, the Λ(1405) is generated dynam-
ically. In the following, we describe each single step of
this reaction mechanism in more detail.

Weak decay: The b quark of the Λb undergoes the weak
transition to a cc̄ pair and an s-quark as depicted in
the left part of Fig. 1. This transition is quantified by
the matrix elements of the Cabibbo-Kobayashi-Maskawa
(CKM) matrix VcbV

∗
cs and it is favored compared to

b → cc̄d leading to the Λb → J/ψpπ−, which was ob-
served for the first time by the LHCb collaboration, see
Ref. [27].

Hadronization: The cc̄ pair forms the well-known
J/ψ, while the virtual uds three quark state undergoes
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FIG. 1: Production of a K−p pair from the weak decay
Λb → Λ J/ψ via a hadronization mechanism. The full and
wiggly lines correspond to quarks and the W -boson, respec-
tively.

J/ψ

φj

Bj

φi

Bi

Λb

FIG. 2: Final-state interaction of the meson-baryon pair,
where the double, full and dashed lines denote the J/ψ, the
baryons and the pseudoscalar mesons, respectively. The circle
and square denote the production mechanism of the J/ψBiφi

as depicted in Fig. 1 as well as meson-baryon scattering ma-
trix tij , respectively

hadronization to form a meson-baryon pair. This hap-
pens due to the large phase space available (≤ 2522 MeV
for MΛb

= 5619 MeV, MJ/ψ = 3097 MeV), so that a
quark-antiquark pair can become real, forming together
with the three available quarks a meson-baryon pair. In
principle, different meson-baryon states can be produced
in such a mechanism. To determine their relative signif-
icance, we assume first that the u and d quarks of the
original Λb state are moving independently in a potential
well. Further, we note that the Λb (J

p = 1/2+) is in the
ground state of the three-quarks (udb). Therefore, all rel-
ative angular momenta between different quarks are zero.
After the weak transition, but before the hadronization,
the three-quark state (uds) has to be in a p-wave since
the final Λ(1405) is a negative-parity state. On the other
hand, since the u and d quarks are considered to be spec-
tators and they were originally in L = 0, the only possi-
bility is that the s quark carries the angular momentum,
L = 1. Moreover, since the final mesons and baryons
are in the ground state and in s-wave to each other, all
the angular momenta in the final state are zero. Conse-
quently, the q̄q pair cannot be produced elsewhere, but
between the s quark and the ud pair as depicted in Fig. 1.
The flavour state of the initial Λb can be written as

|Λb〉 =
1√
2
|b(ud− du)〉 ,

turning after the weak process into

1√
2
|s(ud− du)〉 ,

since the u and d quarks are considered to be spectators.
Thus, after hadronization, the final quark flavor state is

|H〉 ≡ 1√
2
|s (ūu+ d̄d+ s̄s) (ud− du)〉

=
1√
2

3
∑

i=1

|P3iqi(ud− du)〉 ,

where we have defined

q ≡





u
d
s



 and P ≡ qq̄τ =





uū ud̄ us̄
dū dd̄ ds̄
sū sd̄ ss̄



 .

The latter is nothing else than the quark-antiquark rep-
resentation of the SU(3) pseudoscalar meson matrix

P =









π0

√
2
+ η√

3
+ η′√

6
π+ K+

π− − 1√
2
π0 + η√

3
+ η′√

6
K0

K− K̄0 − η√
3
+ 2η′√

6









,

where we have assumed the ordinary mixing between the
singlet and octet SU(3) states for the the η and η′, see
e.g. Ref. [69]:

η =
1

3
η1 +

2
√
2

3
η8 , η′ =

2
√
2

3
η1 −

1

3
η8 .

The hadronized state |H〉 can now be written as

|H〉 = 1√
2

(

K−u(ud− du) + K̄0d(ud− du)

+
1√
3

(

−η +
√
2η′
)

s(ud− du)

)

.

We can see that these states have overlap with the mixed
antisymmetric baryon state [70]. Further, the flavour
states of the final octet baryons can be written as

|p〉 = 1√
2
|u(ud− du)〉 ,

|n〉 = 1√
2
|d(ud− du)〉 ,

|Λ〉 = 1√
12

|(usd− dsu) + (dus− uds) + 2(sud− sdu)〉 .
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Consequently, the hadronized state can be expressed in
terms of ground state octet mesons and baryons as

|H〉 = |K−p〉+ |K̄0n〉 −
√
2

3
|ηΛ〉+ 2

3
|η′Λ〉 , (1)

which provides the relative weights between the final
meson-baryon channels. Note that there is not direct
production of πΣ and KΞ, however, these channels are
present through the intermediate loops in the final state
interaction as described below. Moreover, the final η′Λ
channel will be neglected since it has a small effect due
its high mass and can be effectively reabsorbed in the
regularization parameters as will be explained below.

Formation of the Λ(1405): After the production of a
meson-baryon pair, the final-state interaction takes place,
which is parametrized by the scattering matrix tij . Thus,
after absorbing the CKM matrix elements and kinematic
prefactors into an overall factor Vp, the amplitude Mj

for the transition Λb → J/ψ φjBj can be written as

Mj(Minv) = Vp

(

hj +
∑

i

hiGi(Minv) tij(Minv)

)

, (2)

where, considering Eq. (1),

hπ0Σ0 = hπ+Σ− = hπ−Σ+ = 0 , hηΛ = −
√
2

3
,

hK−p = hK̄0n = 1 , hK+Ξ− = hK0Ξ0 = 0 ,

and Gi denotes the one-meson-one-baryon loop function,
chosen in accordance with the models for the scattering
matrix2 tij as it will be described below. Further, Minv

is the invariant mass of the meson-baryon system in the
final state. Note also that the above amplitude holds for
an s-wave only and every intermediate particle is put on
the corresponding mass shell. Finally, the invariant mass
distribution Λb → J/ψ φjBj reads

dΓj
dMinv

(Minv) =
1

(2π)3
mj

MΛb

pJ/ψpj |Mj(Minv)|2 , (3)

where pJ/ψ and pj denote the modulus of the three-

momentum of the J/ψ in the Λb rest-frame and the mod-
ulus of the center-of-mass three-momentum in the final
meson-baryon system, respectively. The mass of the final
baryon is denoted by mj .
As already described in the introduction, the baryonic

JP = 1/2− resonance Λ(1405) has to be understood as a
dynamically generated state from the coupled-channel ef-
fects. The modern approach for it is referred to as chiral
unitary models, see e.g. Refs. [32–46]. In the present ap-
proach we use the scattering amplitude from two very re-
cent versions of such approaches, see Refs. [62–64]. While

2 More precisely, tij denotes the s-wave contribution to the scat-
tering matrix.

the basic motivation is the same for both approaches
there are several important differences, which shall be
described in the following two subsections.

A. Summary of the Bonn model

The model described in the present subsection has
been developed originally in Ref. [71] and used first for
the analysis of the lowest S11 nucleon resonances from
scattering data as well as single-meson photoproduction
data in Ref. [72]. Later in Ref. [46] it was also applied
to meson-baryon scattering in the strangeness S = −1
sector, adjusting the free parameters of the model to
the available scattering data (including the threshold
data from kaonic hydrogen). While the data was de-
scribed quite satisfactorily, the broad pole of the Λ(1405)
appeared at a different position than usually assumed.
While the reason for this discrepancy may have various
roots, see the discussion in Ref. [46], one important sys-
tematic observation was made there. Namely, the off-
shell contributions of the intermediate particle fields in
the Feynman diagrams are quite moderate in this set-
ting. This observation is enormously useful as it allows
to reduce the computational effort by a factor of 30-60
and therefore to study the large parameters space of this
model in more detail as it was done in Ref. [64]. There,
in a large scale analysis of the parameter space we have
found several solutions including similar ones to that of
Ref. [46]. However, in a very conservative test against
the recent and very precise two-meson photoproduction
data by the CLAS collaboration [52, 53] many solutions
were ruled out. The best solution of this procedure is
used here. In what follows we will describe the major
features of this approach, while for details the reader is
referred to Refs. [46, 64, 71].
The driving term of this model is the chiral potential,

derived from the leading and next-to-leading order chiral
Lagrangian in the three flavour formulation, see Ref. [73].
In the on-shell approximation, this potential reads

V (/p) = A(p2) +B(p2)/p , (4)

with

A(p2) =
(

−AWT (mi +mf ) +A14(qi · qf )

+ 2A57

(

(qi · qf )− p2 −mimf

)

−A811

(

mf (qi · p) +mi(p · qf )
)

+AM

)

,

B(p2) =
(

2AWT

+ 2A57(mi +mf ) +A811

(

(qi · p) + (p · qf )
)

)

,

where here and in the following M/m and q/p denote
the meson/baryon mass and the meson/overall four-
momentum, respectively, with p2 = M2

inv. The index
i/f denotes the in-/out-going states. The AWT , A14,
A57, AM and A811 are 10-dimensional matrices which



5

encode the coupling strengths between all 10 channels of
the meson-baryon system for strangeness S = −1, i.e.
{K−p, K̄0n, π0Λ, π0Σ0, π+Σ−, π−Σ+, ηΛ, ηΣ0, K+Ξ−,
K0Ξ0}. They are given explicitly in Ref. [64]. Setting
all meson masses and decay constants to their physical
values, the only unknown of the above equation are the
14 low-energy constants (LECs) of SU(3) ChPT at NLO.
These LECs serve as free parameters of the present model
as they are not known precisely at the moment.
At any finite order, the strict chiral expansion of the

scattering amplitude in the baryon sector is restricted
to a certain range around the point p2 = m2

0 (with m0

the octet mass in the chiral limit) and a small momen-
tum transfer to the baryon. Moreover, at any finite order
such a series fails in the vicinity of resonances such as the
Λ(1405), located just below the K̄N threshold. There-
fore, a resummation of the driving term is required to
describe this system. In the present work we use the
coupled-channel Bethe-Salpeter equation in the on-shell
approximation. Here, the scattering amplitude T (/p) is
the solution of the following matrix equation over the
10-dimensional channel space

T (/p) = V (/p) + V (/p)G(Minv)T (/p) , (5)

where G is a diagonal matrix, containing the one-meson-
one-baryon loop functions as elements, which on-shell
read

Gij(Minv) = i

∫

ddl

(2π)d
2miδ

ij

(l2 −M2
i + iǫ)((l − p)2 −m2

i + iǫ)
.

(6)

This function is treated in dimensional regularization,
applying the usual MS subtraction scheme. It should
be noted that due to the non-perturbative character of
Eq. (5) the regularization scale is treated as a free pa-
rameter of the model. In the isospin basis, there are 6
such parameters. All free parameters of the model are
taken from the solution #4 from Ref. [64], which was
found to be the best solution, describing all available
meson-baryon scattering data as well as the recent two-
meson photoproduction data by the CLAS collaboration
[52, 53]. For the purpose of the present work, the scat-
tering amplitude T (/p) of this solution is projected to the
lowest partial wave, i.e. f0+. The latter is related to the
scattering matrix tij from the Eq. (2) via

tij(Minv) = − 4πMinv√
mimj

f ij0+(Minv) . (7)

For completeness, we recall that two poles of Λ(1405)
were found for this solution, located on the second
Riemann sheet connected to the first one between
the πΣ and K̄N thresholds. Their positions are
(1429+8

−7 − i 12+2
−3) MeV and (1325+15

−15 − i 90+12
−18) MeV.

Here, the error bars are due to fit parameter errors. Nat-
urally, the latter lead to an uncertainty of the scatter-
ing amplitude tij(Minv) which is discussed in detail in

Ref. [64]. The focus of the present work lies on the the
systematic error, considering two different models for the
final-state interactions in the Λb decay, and we will omit
these parameter errors in what follows.

B. Summary of the MV-model

Let us briefly review the second unitarized meson-
baryon model [62, 63] that we are going to use in the
present work (which we will call MV-model, after Murcia-
Valencia, in the following), for the sake of completeness
and to ease the comparison with the Bonn-model summa-
rized in section IIA. The aim of the studies carried out in
Refs. [62, 63] was to fine tune the meson-baryon scatter-
ing amplitudes obtained in the chiral unitary approach by
allowing to change slightly the unitarization kernel and
loop functions through the inclusion of free parameters
of natural order which were fitted to the γp → K+πΣ
data from CLAS.
The basic model for the unitarized meson-baryon scat-

tering amplitude has been widely developed and applied
in many previous works (see for instance [34, 35, 37, 74]).
The chiral unitary approach is based on the implemen-
tation of unitarity and the exploitation of the analytic
properties of the scattering amplitudes with the only in-
put of the lowest orders chiral potentials. This has been
usually carried out by means of the Inverse Amplitude
Method [10, 75] or the N/D method [35, 76, 77] which
was shown in [9] to be equivalent to the Bethe-Salpeter
equation. From the N/D method, the scattering ampli-
tude tij fulfills Eq. (5) which provides the solution

t = [1− vG]−1v , (8)

in the normalization of Eq. (7), with vij the s-wave pro-
jected meson-baryon potential described below, Eq. (9).
In the MV-model, the interaction kernel vij obtained

from the lowest order chiral Lagrangian for the interac-
tion of the octet of pseudoscalar mesons with the octet of
the lowest mass 1/2+ baryons [78]. The s-wave projected
potential reads [37]

vij(Minv) = −Cij
1

4f2
(2Minv −mi −mj)

×
(

mi + Ei
2mi

)1/2(
mj + Ej
2mj

)1/2

, (9)

where f is the averaged meson decay constant f =
1.123fπ [37] with fπ = 92.4 MeV, Ei (mi) the energies
(masses) of the baryons of the i-th channel and the Cij
are coefficients, that for isospin I = 0 are given by

Cij =





3 −
√

3
2

−
√

3
2

4



 , (10)

where the i and j subscripts stand for K̄N and πΣ in
isospin-basis. Eqs. (9) and (10) represent the standard
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Weinberg-Tomozawa interaction, slightly modified to in-
corporate relativistic corrections [37]. Note that we work
in an isospin symmetric formalism for the meson-baryon
interaction. Further, the values of the elements of the
matrix Cij are given by chiral symmetry. The other
meson-baryon channels in I = 0 and strangeness S = −1,
ηΛ andKΞ, are not explicitly included. Indeed, since the
thresholds of these channels lay far above from the ener-
gies that we will consider in the present work, they can
effectively be reabsorbed in the regularization parameters
that we will explain below.

In refs. [62, 63] the coefficient matrix Cij , Eq. (10), was
substituted by

Cij =





3α11 −
√

3
2
α12

−
√

3
2
α12 4α22



 , (11)

where the parameters αi were to be fitted to γp→ K+πΣ
experimental data. In this way one allows to fine tune the
theoretical chiral unitary inspired model, incorporating
in an effective way possible contributions of higher order
terms, and extract from experiment an accurate position
for the two Λ(1405) poles and the actual shape of the
meson-baryon scattering amplitudes.

On the other hand, the Gi function in Eq. (8) (as
defined in Eq. (6)) can be regularized either with a
three–momentum cutoff or with dimensional regulariza-
tion in terms of subtraction constants, ai, one for each
meson-baryon channel. In Refs. [62, 63] these parame-
ters were also allowed to vary slightly substituting them
by aKN → β1aKN , aπΣ → β2aπΣ with aKN = −1.84,
aπΣ = −2 [37, 39]. All in all, there are only five αi, βi,
parameters needed in the present work. Their values are
taken from Table I in [63].

When looking for poles in the second Riemann sheet of
the complex energy plane, the amplitudes of this model
provide the Λ(1405) pole positions at 1352 − 48i MeV,
and 1419 − 29i MeV. Note that the parameters do not
differ much from one, as would be expected if reality is
not far from the predictions of the chiral unitary theory.
In the K̄N → K̄N amplitude the highest pole is more
pronounced. The πΣ → πΣ amplitude picks more the
lowest pole while in the K̄N → πΣ amplitude a more
balanced mixture between both poles is visible but with
a larger weight of the highest one. (See, for instance,
Fig. 6 in ref. [63]). All this is reminiscent of the fact
that the highest pole couples dominantly to K̄N and the
lowest pole to πΣ, see Table II in Ref. [63].

III. RESULTS

After having set up the framework, we present here our
predictions for the πΣ and K̄N invariant mass distribu-
tions from the Λb decay. As mentioned before, one of the
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FIG. 3: Invariant mass distribution within the Bonn model
considering isospin breaking.

important features3 of the present study is quantification
of the theoretical uncertainties, due to different meson-
baryon models. To make this comparison more meaning-
ful, the trivial sources of differences must be studied first,
such as isospin symmetry. The latter is implemented in
the MV-model by construction, while it is broken explic-
itly in the Bonn model. The isospin-breaking in the Bonn
model arises naturally due to chiral potential of the next-
to-leading order. All particle masses are considered to be
the physical ones, see the discussion in Refs. [46, 64, 71].
In Fig. 3 we show the results for the Bonn model con-
sidering the explicit isospin-breaking. This provides the
order of the correction for the subsequent figures if one
considers isospin-breaking. In the following we will con-
sider the isospin-symmetric case for simplicity and to ease
the comparison with the MV-model.
In Fig. 4 we show the final results for both the Bonn

and MV models. In the πΣ final state channel the peak of
the Λ(1405) is clearly visible. In fact, this is mostly due
to the higher mass pole of the Λ(1405) since the contri-
bution proportional to tK̄N,πΣ of Eq. (2) is the dominant
one. The difference in the πΣ mass distribution between
both models is reminiscent of the fact that, as explained
above, the Bonn model gets a narrower (24 MeV) highest
Λ(1405) pole than the MV model (58 MeV).
In the K̄N final state, the dominant contribution

comes from the part proportional to tK̄N,K̄N which again
is more sensitive to the higher mass Λ(1405) pole. How-
ever, in this channel only the effect of the tail of the
resonance is visible since the threshold of the K̄N mass
distribution is located above the position of the Λ(1405)
peak. Nevertheless, that tail is enough to provide a high
strength close to the threshold, what makes the line shape

3 Which is unfortunately not very common in such studies.
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FIG. 4: Results for the πΣ and K̄N invariant mass distributions for the Λb → J/ψ πΣ and Λb → J/ψ K̄N decays, respectively,
for both models considered in the present work.

of the K̄N invariant mass distribution to be very differ-
ent from just a phase-space distribution. The dependence
on the choice of the model in this channel is due to the
fact that the highest pole is slightly closer to threshold
in the Bonn model compared to the MV one. Because of
this feature, the Bonn model produces a narrower bump
close to K̄N invariant mass threshold than the MV one.
This observable is then very sensitive to the exact posi-
tion of the resonance pole, due to the proximity between
the threshold and the pole. As mentioned in the intro-
duction, different reactions can reflect different weights
for both poles of the Λ(1405) resonance, depending on
the particular production dynamics. In the present case,
the highest pole is the one that shows up dominantly.

On the other hand, the agreement in Fig. 4 of the re-
sults between the MV and Bonn models is remarkable,
given their theoretical differences and fitting strategies
as explained before. Nonetheless we can regard the dif-
ference between the models as the main source of the
theoretical uncertainty.

While the overall normalization of the invariant mass
distributions is unknown, the shape and the ratio be-
tween the πΣ and K̄N distributions is unchanged and
it is a genuine prediction of the present work. Indeed,
the ratio between the maximum values of the πΣ and
K̄N distribution is 3.3 for the MV and 3.5 for the Bonn
model. The value of that ratio as well as the shape of

the distributions are then genuine predictions of the chi-
ral unitary approach. As already stated, the differences
between the different curves can be considered as an es-
timation of the theoretical uncertainty. In conclusion,
Fig. 4 serves to predict the invariant mass distributions
of either πΣ or K̄N , once the absolute normalization
of the mass distribution of the other channel has been
measured. For instance, if the LHCb [27] and CDF [28]
collaboration were to measure the K−p mass distribu-
tion in the Λb → J/ψ K−p decay, then the shape should
agree with the prediction of Fig. 4 and once normalized,
the K̄N and πΣ distributions would be given both in size
and shape.

IV. SUMMARY

We have carried out a theoretical study of the Λ(1405)
production in the Λb → J/ψ πΣ and Λb → J/ψ K̄N de-
cays. The initial weak production at the level of quarks
to give a cc̄ for the J/Ψ and three quarks uds is the same
for both channels and then irrelevant in the relative ratio.
The hadronization of the uds into the different meson-
baryon channels is then implemented and the different
channels are related using suitable SU(3) arguments.

The key point of the chiral unitary models is that
the Λ(1405) comes out as dynamically generated. Ac-
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tually, two poles are predicted for this resonance. Ac-
cordingly, we implement the final state interaction of the
meson-baryon pair, using two different theoretical models
[63, 64]. The MV-model [62, 63] uses as the kernel of the
unitarization procedure the lowest order meson-baryon
chiral Lagrangian slightly modified to fit photoproduc-
tion data. On the other hand, the Bonn model [64] in-
cludes in the kernel from higher order meson-baryon La-
grangians fitted to photoproduction and meson-baryon
cross section data.
The Λ(1405) resonant shape is clearly visible in the πΣ

mass distribution and its tail distorts considerably the
K̄N distribution in spite of the pole being below the K̄N
threshold. This particular decay is mostly influenced by
the higher mass pole of the Λ(1405) resonance. Therefore
this decay is specially suited to study the properties of
the high mass Λ(1405) resonance both theoretically and
experimentally.
The results for both theoretical models used in the

present work are remarkably similar and their differences
can be considered as the theoretical uncertainty of this
calculation. The line shapes of the πΣ and K̄N distribu-
tions and their relative strengths are predictions of this

model which could be compared to future experimental
measurements amenable to study the Λ(1405) resonance
in this decay.
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[17] M. Döring, U.-G. Meißner and W. Wang, JHEP 1310,

011 (2013).
[18] U.-G. Meißner and W. Wang, JHEP 1401, 107 (2014).
[19] M. Bayar, W. H. Liang and E. Oset, Phys. Rev. D 90,

no. 11, 114004 (2014).
[20] J. J. Xie, L. R. Dai and E. Oset, arXiv:1409.0401 [hep-

ph]. Phys. Lett. B, in print.
[21] J. J. Xie and E. Oset, Phys. Rev. D 90, no. 9, 094006

(2014).
[22] W. H. Liang, J. J. Xie and E. Oset, arXiv:1501.00088

[hep-ph].
[23] M. Albaladejo, M. Nielsen and E. Oset, arXiv:1501.03455

[hep-ph].
[24] F. S. Navarra, M. Nielsen, E. Oset and T. Sekihara,

arXiv:1501.03422 [hep-ph].
[25] V. M. Abazov et al. [D0 Collaboration], Phys. Rev. Lett.

99, 142001 (2007).
[26] G. Aad et al. [ATLAS Collaboration], Phys. Rev. D 89,

no. 9, 092009 (2014).
[27] R. Aaij et al. [LHCb Collaboration], JHEP 1407, 103

(2014).
[28] T. A. Aaltonen et al. [CDF Collaboration], Phys. Rev.

Lett. 113, no. 24, 242001 (2014).
[29] R. H. Dalitz and S. F. Tuan, Annals Phys. 10, 307 (1960).
[30] R. H. Dalitz, T. C. Wong and G. Rajasekaran, Phys. Rev.

153, 1617 (1967).
[31] E. A. Veit, B. K. Jennings, R. C. Barrett and

A. W. Thomas, Phys. Lett. B 137, 415 (1984).
[32] N. Kaiser, P. B. Siegel and W. Weise, Nucl. Phys. A 594,

325 (1995).
[33] N. Kaiser, T. Waas and W. Weise, Nucl. Phys. A 612,

297 (1997).
[34] E. Oset and A. Ramos, Nucl. Phys. A 635, 99 (1998).
[35] J. A. Oller and U.-G. Meißner, Phys. Lett. B 500, 263

(2001).
[36] M. F. M. Lutz and E. E. Kolomeitsev, Nucl. Phys. A

700, 193 (2002).
[37] E. Oset, A. Ramos and C. Bennhold, Phys. Lett. B 527,

http://arxiv.org/abs/1409.0401
http://arxiv.org/abs/1501.00088
http://arxiv.org/abs/1501.03455
http://arxiv.org/abs/1501.03422


9

99 (2002) [Erratum-ibid. B 530, 260 (2002)].
[38] T. Hyodo, S. I. Nam, D. Jido and A. Hosaka, Phys. Rev.

C 68, 018201 (2003).
[39] D. Jido, J. A. Oller, E. Oset, A. Ramos, U.-G. Meißner,

Nucl. Phys. A725, 181-200 (2003).
[40] C. Garcia-Recio, J. Nieves, E. Ruiz Arriola and M. J. Vi-

cente Vacas, Phys. Rev. D 67, 076009 (2003).
[41] C. Garcia-Recio, J. Nieves and L. L. Salcedo, Phys. Rev.

D 74, 034025 (2006).
[42] B. Borasoy, R. Nissler and W. Weise, Eur. Phys. J. A 25,

79 (2005).
[43] J. A. Oller, Eur. Phys. J. A 28, 63 (2006).
[44] B. Borasoy, U.-G. Meißner and R. Nissler, Phys. Rev. C

74, 055201 (2006).
[45] Y. Ikeda, T. Hyodo and W. Weise, Nucl. Phys. A 881,

98 (2012).
[46] M. Mai and U.-G. Meißner, Nucl. Phys. A 900, 51 (2013)

[arXiv:1202.2030 [nucl-th]].
[47] P. J. Fink, Jr., G. He, R. H. Landau and J. W. Schnick,

Phys. Rev. C 41, 2720 (1990).
[48] D. W. Thomas, A. Engler, H. E. Fisk and R.W. Kraemer,

Nucl. Phys. B 56, 15 (1973).
[49] R. J. Hemingway, Nucl. Phys. B 253, 742 (1985).
[50] M. Niiyama, H. Fujimura, D. S. Ahn, J. K. Ahn,

S. Ajimura, H. C. Bhang, T. H. Chang and W. C. Chang
et al., Phys. Rev. C 78, 035202 (2008).

[51] S. Prakhov et al. [Crystall Ball Collaboration], Phys.
Rev. C 70, 034605 (2004).

[52] K. Moriya et al. [CLAS Collaboration], AIP Conf. Proc.
1441, 296 (2012).

[53] K. Moriya et al. [CLAS Collaboration], Phys. Rev. C 87,
no. 3, 035206 (2013).
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