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Centro Mixto Universidad de Valencia-CSIC,

Institutos de Investigación de Paterna,
Aptdo. 22085, 46071 Valencia, Spain

2 Institute of High Energy Physics,
Chinese Academy of Sciences,

P.O.Box 918(4), Beijing 100049, China
(Dated: November 16, 2008)

We study the reactions J/ψ → Λ̄K−p and J/ψ → Λ̄π+π−Λ with a unitary chiral approach. We
predict the ratio of the invariant mass distributions of these two reactions at the Λ(1520) peak
position, which is free of the unknown production mechanism and reflects only the properties of the
Λ(1520). An experimental measurement of this ratio will provide the couplings of the Λ(1520) to
its decay channels, allowing to test the predictions of the chiral unitary approach on this resonance,
which appears as dynamically generated in that approach.

PACS numbers: 14.20.Jn Hyperons, 12.39.Fe Chiral Lagrangians, 13.30.Eg Hadronic decays, 13.75.Jz Kaon-
baryon interactions

I. INTRODUCTION

The applications of unitary chiral approaches (UχPT)
in studies of low-lying baryons (mesons) have revealed
many interesting aspects of these hadronic systems. One
of these concerns the Λ(1405), which is found to cor-
respond to two poles on the complex plane, one nar-
rower around 1420 MeV and one broader around 1390
MeV [1, 2, 3, 4, 5, 6, 7, 8]. This could have tremendous
effects on our understanding of the kaon-nucleon interac-
tion, and furthermore, on the idea of superstrong kaon-
nucleon interaction. The reason is quite simple because
the 1420 MeV pole is just 12 MeV below the kaon-proton
threshold while the position of the nominal Λ(1405) is
another 15 MeV lower. The attraction for the nominal
Λ(1405), therefore, is much stronger than for the former.

The Λ(1520) is not less interesting. Studies based on
unitary chiral approaches showed that the πΣ∗ chan-
nel plays such an important role in the formation of
this resonance that it qualifies as a bound state of the
πΣ∗ [9, 10, 11, 12]. More specifically, the coupling of the
Λ(1520) to the πΣ∗ channel is almost two times larger
than its couplings to K̄N and πΣ, although the branch-
ing ratios of the Λ(1520) to these two latter channels are
about 45% and 42%, respectively, while the branching
ratio to the former is only ∼ 10% [12].1 The UχPT
description of the Λ(1520) has recently been studied
in various reactions, including K−p → π+π−Λ, γp →
K+K−p, γp→ K+π0π0Λ, π−p→ K0K−p [12], K−p→

1 The couplings of the Λ(1520) to the various channels have been
defined in a way that the d-wave couplings incorporate the q2

factor and a normalization such that, up to phase space, the
decay widths have the same expression in terms of the coupling
constants. Hence, a direct comparison of the s-wave and d-wave
couplings is appropriate [11, 12].

π0π0Λ [11, 12], pp → pK+K−p, pp → pK+π0π0Λ [13],
and the radiative decay of the Λ(1520) to γΛ (γΣ0) [14].

The J/ψ and ψ′ experiments at the Beijing Electron-
Positron Collider (BEPC) provide an excellent place for
studying excited nucleons and baryons, due to the spin-
and isospin-filtering of the J/ψ decay process [15, 16].
The BEPC is now being upgraded to a two-ring collider
(BEPCII) with a design luminosity of 1× 1033 cm2 s1 at
3.89 GeV and will operate between 2 and 4.2 GeV in the
center of mass. With this luminosity, the new BESIII
detector will be able to collect, for example, 10 billion
J/ψ events in one year of running. This amount of J/ψ
events will make possible a complementary study of the
properties of many excited nucleons and hyperons, which
in the past were only accessible in πN (KN) scatterings.
In this sense, this work also aims to motivate the BES
collaboration to perform a detailed study of the proposed
reactions.

This paper proceeds as follows: In section II, we briefly
outline the unitary chiral description of the Λ(1520). In
Section III, we study the J/ψ → Λ̄K−p and J/ψ →
Λ̄π+π−Λ reactions within the unitary chiral approach,
more specifically, we look at the ratio of the invariant
mass distributions at the Λ(1520) peak position. By
studying this quantity, we not only can deepen our under-
standing of the nature of the Λ(1520) and the underlying
chiral dynamics, but also can avoid many uncertainties
related to the unknown vertices and couplings in the pro-
duction of the Λ(1520). Results and discussions are given
in Section IV, followed by a brief summary in Section V.

II. THE Λ(1520) AS A DYNAMICALLY

GENERATED RESONANCE

The Λ(1520) is dynamically generated in a coupled
channel formalism, including the πΣ∗, KΞ∗ in s waves
and K̄N and πΣ in d waves [11, 12]. The inclusion of the
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TABLE I: The parameter values in the dynamical generation of the Λ(1520). The parameters γ13 and γ14 are in units of 10−7

MeV−5, while γ33, γ34 and γ44 are in 10−12 MeV−5.

γ13 γ14 γ33 γ34 γ44

0.98 ± 0.04 1.10 ± 0.04 −1.73 ± 0.02 −1.108 ± 0.010 −0.730 ± 0.016

d−wave coupled channels is essential to put the Λ(1520)
at the right position with a proper width.

The matrix containing the tree-level amplitudes is
written as (in the order of πΣ∗, KΞ∗, K̄N , and πΣ) [12]:

V =











C11(k
0
1 + k0

1) C12(k
0
1 + k0

2) γ13q
2
3 γ14q

2
4

C21(k
0
2 + k0

1) C22(k
0
2 + k0

2) 0 0

γ13q
2
3 0 γ33q

4
3 γ34q

2
3q

2
4

γ14q
2
4 0 γ34q

2
3q

2
4 γ44q

4
4











,

(1)

where qi =

√
(s−(Mi+mi)2)(s−(Mi−mi)2)

2
√
s

is the center-of-

mass momentum of channel i, k0
i =

s+m2
i
−M2

i

2
√
s

is the en-

ergy of meson i with Mi (mi) the baryon (meson) mass of
channel i. The coefficients Cij are provided by the lowest-
order chiral Lagrangian describing the interaction of the
decuplet of the ∆(1232) and the octet of the π [9, 10]
and have the following values

C11 = − 1

f2
, C12 = C21 =

√
6

4f2
, C22 = − 3

4f2
. (2)

In Ref. [12], f = 1.15fπ is used with fπ = 93 MeV, the
pion decay constant. In the present work, we also use
the same value. The KΞ∗ coupling to the K̄N and πΣ
channels through d wave interactions have been neglected
since the KΞ∗ threshold is far from the Λ(1520) and,
therefore, plays a minor role in the description of this
resonance.

The γij ’s are not determined by chiral dynamics and
their values (together with the subtraction constants ap-
pearing in the loop calculations, see below) are fitted to
the experimental results on the K̄N and πΣ partial-wave
amplitudes [12]. The explicit values are given in Table I.

Several unitarization procedures have been developed
over the years to unitarize the coupled channel ampli-
tudes, including the inverse amplitude method [17], the
N/D method [18], and the Bethe-Salpeter approach [19].
They differ from the inclusion of higher orders, a left cut,
or tadpole and crossed channels. These differences may
be relevant at very low energies but at higher energies
they have been shown to be minute when resonances are
already dynamically generated using the lowest order in-
teraction kernels.

In the present work, following Refs. [11, 12], we unita-
rize the kernel V of Eq. (1) through the Bethe-Salpeter
approach to obtain the unitarized amplitude T :

T = V + V GT = (1 − V G)−1V, (3)

where G is a diagonal matrix of the loop functions of
one-baryon and one-meson

Gj = i2Mj

∫

d4q

(2π)4
1

(P − q)2 −M2
j + iǫ

1

q2 −m2
j + iǫ

=
2Mj

16π2

{

aj(µ) + log
M2
j

µ2
+
s+m2

j −M2
j

2s
log

m2
j

M2
j

× q√
s

[

log(s−+
j s++

j ) − log(s−−
j s+−

j )

]

}

,(4)

s±±
j = s± (M2

j −m2
j) ± 2q

√
s, (5)

where µ is the scale of the dimensional regularization (in
the present work, we use µ = 700 MeV), s = P 2 and
P is the total four momentum of the meson-baryon sys-
tem, which is (

√
s, 0, 0, 0) in the rest frame of the meson-

baryon system. The subtraction constants are fitted to
the experimental results on the K̄N and πΣ partial-wave
amplitudes together with the γij ’s as mentioned above to
yield as = −1.78 ± 0.02 and ad = −8.13 ± 0.03 for πΣ∗

(KΞ∗) and K̄N (πΣ) channels, respectively [12]. It is
worthwhile mentioning that the πΣ∗ amplitudes are not
included in the fit and, therefore, are the predictions of
the model.

The moduli squared of the UχPT amplitudes are
shown in Fig. 1, where the importance of the πΣ∗ chan-

nel can be clearly seen. The ratio of |TπΣ∗ |2
|TK̄N

|2 at the peak

position is ∼ 2.7.
The above scattering matrix T obtained in the unitary

framework is related to the t matrix with the Mandl-
Shaw normalization in the following way [11, 12] (we
only list those needed later):

tπΣ∗→πΣ∗ = TπΣ∗→πΣ∗ , (6)

tK̄N→πΣ∗ = TK̄N→πΣ∗C

(

1

2
2
3

2
;m,M −m

)

×Y2,m−M (k̂)(−1)M−m√
4π, (7)

where k̂ is the unit vector of the kaon momentum in the
K̄N center of mass system.

III. REACTION MECHANISMS OF J/ψ → Λ̄K−p
AND J/ψ → Λ̄π+π−Λ

The dynamical generation of the Λ(1520) implies that
the reactions proceed in the following way: the J/ψ de-
cays into Λ̄MB; the rescattering of the meson baryon,
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FIG. 2: The reaction mechanisms of J/ψ → Λ̄K−p and
J/ψ → Λ̄π+π−Λ.

MB, pairs generates dynamically the Λ(1520), which
then decays into either K−p or πΣ(1385). In the latter
case, the Σ(1385) propagates and decays into πΛ. Such
a process is illustrated in Fig. 2.

Since we are only interested in the ratio of the corre-
sponding invariant mass distributions of these two reac-
tion around the Λ(1520) peak position, the vertex of the
J/ψ decaying into Λ̄Λ(1520) is not relevant because it
appears in both reactions and cancels in the ratio. Thus,
this removes the uncertainties of our study related to this
unknown vertex.

For the J/ψ → Λ̄K−p reaction, since we will integrate
over the whole phase space of the K−p particles, the
frame of reference is irrelevant. There will always be a
frame of reference where the Λ(1520) has the polarization
of +3/2. Hence we shall study the decay of the Λ(1520)
with Sz = 3/2. The amplitude of Fig. 2a contains the un-
known Λ̄J/ΨΛ(1520) vertex, the Λ(1520) propagator and
its coupling to K−p. This amplitude is proportional to
tπΣ∗→K−p, which contains implicitly the Λ(1520) propa-
gator (the Λ(1520) appears as a pole of this amplitude)

and the coupling of the resonance to K−p, as depicted in
Fig. 3. Hence,

t1 ∼ tπΣ∗→K−p =
1√
2
tπΣ∗→K̄N , (8)

where 1√
2

accounts for the projection of the isospin 0

state to the charged state. In the above amplitude, we
have neglected all the factors common to this reaction
and the J/ψ → Λ̄π+π−Λ reaction. The modulus squared
of the amplitude is

|t1|2 =
4π

2
|TπΣ∗→K̄N |2 ×

∑

m= 1
2
,− 1

2

C(
1

2
2
3

2
;m,

3

2
−m)2|Y2,m− 3

2
(~k)|2

=
3

4
sin2(θ)|TπΣ∗→K̄N |2. (9)

Since we will integrate later over phase space, we replace
3
4 sin2(θ) by

∫

dφ
∫ 1

−1
d cos(θ)3

4 sin2(θ)
∫

dφ
∫ 1

−1 d cos(θ)
=

1

2
. (10)

Therefore, one can effectively substitute

|t1|2 → 1

2
|TπΣ∗→K̄N |2. (11)

For the J/ψ → Λ̄π+π−Λ reaction, the corresponding t
matrix element reads

− it2 = − 1√
3
TπΣ∗→πΣ∗

fπΣ∗Λ

mπ
Sj

[

q̃+j ΠΣ∗+ + q̃−j ΠΣ∗−

]

,

(12)

ΠΣ∗± =
1

√

s′Σ∗± −MΣ∗ + i
2Γ(s′Σ∗±)

, (13)

where the factor 1√
3

again accounts for the projection of

the isospin state to the physical state, ~S is the spin 1/2
to 3/2 transition operator, and q̃+ (q̃−) is the momentum
of π+ (π−) in the rest frame of Σ∗+ (Σ∗−). The coupling
constant fπΣ∗Λ = 1.3 is determined in Ref. [11] to repro-
duce the partial decay width of 32 MeV for Σ∗0 → π0Λ.
As in Ref. [12], we have introduced an energy dependent
width for the Σ∗

Γ(s′) = Γ0

[

0.88
q3(s′,M2

Λ,m
2
π)

q3(M2
Σ∗ ,M2

Λ,m
2
π)

Θ(
√
s′ −MΛ −mπ)

+0.12
q3(s′,M2

Σ,m
2
π)

q3(M2
Σ∗ ,M2

Σ,m
2
π)

Θ(
√
s′ −MΣ −mπ)

]

,

where Γ0 = 37.1 MeV [20].
Since the width of this channel does not depend on

the third component of the Σ∗, we can average over the
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FIG. 3: A schematic representation of the Λ(1520) as dynamically generated in the πΣ∗

→ K−p interaction.

Σ∗ spin and sum over the Λ spin. Using the following
relation

1

4

3/2
∑

M=−3/2

1/2
∑

m=−1/2

〈m|Si|M〉〈M |S†
j |m〉

=
1

4

∑

m

〈m|2
3
δij −

i

3
ǫijkσk|m〉 =

1

3
δij , (14)

one obtains

|t2|2 =
1

9

(

fπΣ∗Λ

mπ

)2

|TπΣ∗→πΣ∗ |2 × (15)

{

|ΠΣ∗+ |2 |q̃+|2 + |ΠΣ∗− |2 |q̃−|2

+2q̃+ · q̃−Re
[

ΠΣ∗+ (ΠΣ∗−)
∗]

}

.

The total decay widths of these two reactions, with the
amplitudes squared obtained above, are

Γ(J/ψ → Λ̄K−p) =
2MΛ̄Mp

MJ/ψ

1

(2π)5
× (16)

∫

d3qΛ̄
2EΛ̄

∫

d3qp
2Ep

∫

d3qK
2ωK

|t1|2δ4(qΛ̄ + qK− + qp),

Γ(J/ψ → Λ̄π+π−Λ) =
2MΛ̄MΛ

MJ/ψ

1

(2π)8
× (17)

∫

d3qΛ̄
2EΛ̄

∫

d3qΛ
2EΛ

∫

d3qπ+

2ωπ+

∫

d3qπ−

2ωπ−

|t2|2

×δ4(qΛ̄ + qΛ + qπ+ + qπ−),

where MΛ̄ (EΛ̄), MΛ (EΛ), and Mp (Ep) are the masses
(energies) of the Λ̄, the Λ, and the proton, while ωK ,
ωπ+ and ωπ− are the energies of the kaon, the π+, and
the π−. The above integrals are calculated with Monte-
Carlo method and events within a given invariant mass
interval are collected to yield the corresponding invariant
mass distributions, dΓ/dMI .

IV. RESULTS AND DISCUSSIONS

We show in Fig. 4 the invariant mass distributions for
the J/ψ → Λ̄K−p and J/ψ → Λ̄π+π−Λ reactions, where
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FIG. 4: The invariant mass distributions of the J/ψ → Λ̄K−p
and J/ψ → Λ̄π+π−Λ reactions.

the Λ(1520) can be clearly seen. The ratio of the invari-
ant mass distributions at the peak position is

dσ/dMI(J/ψ → Λ̄K−p)

dσ/dMI(J/ψ → Λ̄π+π−Λ)

∣

∣

∣

∣

MI∼1520MeV

≈ 3.2. (18)

This translates into

dσ/dMI(J/ψ → Λ̄K̄N)

dσ/dMI(J/ψ → Λ̄ππΛ)

∣

∣

∣

∣

MI∼1520 MeV

≈ 4.3. (19)

Since the Λ(1520) is a rather narrow resonance with a
width of 15.6 MeV, the above ratio can be compared with
the branching ratio of the Λ(1520) decaying into K̄N and
ππΛ. Using the numbers given in the PDG [20], ∼ 45%
for K̄N and ∼ 10% for ππΛ, we obtain R ∼ 4.5 and
indeed it is quite close to our predicted number. How-
ever, it should be noted that the PDG branching ratio
for the Λ(1520) decaying into ππΛ include various mech-
anisms, where the Λ(1520) does not necessarily decay
first into πΣ∗ with subsequent Σ∗ decay into πΛ. In
fact three experiments are quoted in the PDG claiming
Γ(Σ∗π → Λππ)/Γ(Λππ) equal to either 0.39 ± 0.10 [21],
0.82 ± 0.10 [22], or 0.58 ± 0.22 [23],

In the formalism followed here we have created
Λ̄Λ(1520). However, we could as well produce ΛΛ̄(1520).
In this latter case the Λ̄(1520) would decay into K+p̄, a
channel we are not concerned about, but also into ππΛ̄
and we would finish having the same final state ΛππΛ̄ as
in the case of Λ̄Λ(1520) production. Since these two re-
actions have the same final state, their amplitudes would
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sum. Yet, it is easy to see that this new mechanism
has a negligible effect on the calculated dΓ/dMI around
the peak of the Λ(1520). Indeed, dΓ/dMI(ππΛ) from
J/Ψ → ΛΛ̄(1520) can be obtained from dΓ/dMI(ππΛ̄)
of the J/Ψ → Λ̄Λ(1520) reaction. In Fig. 5 we show
these two invariant mass distributions and we see that
the one coming from J/Ψ → ΛΛ̄(1520) below the peak of
the Λ(1520) is extremely small and cannot change the re-
sults already obtained. The background below the peak
of dΓ/dMI is of the order of 3%. Even if one had a coher-
ent sum of the amplitudes, the effect of this background
would still be moderate. However, since in dΓ/dMI for
a given MI there are contributions of different pion mo-
menta because of the four body phase space, and also
there are contributions of different spins, the two mech-
anisms are highly incoherent and thus, the background
from J/Ψ → ΛΛ̄(1520) can be safely ignored in the anal-
ysis.

In the chiral unitary picture, all the ππΛ events are
generated through πΣ∗, which should be easily distin-
guishable experimentally. At the Λ(1520) peak, one can-
not reconstruct the Σ∗ shape since there is no phase space
for its production; yet, as one can see in Fig. (6a), there
is a large concentration of strength at the upper thresh-
old of MπΛ close to the Σ∗ mass. Note that the peak
at lower πΛ invariant masses should be attributed to the
wrong πΛ couples. By this we mean that if one looks at
the π+Λ invariant mass, one can see in Fig. 4 that one
produces π+Σ∗− together with π−Σ∗+. Resonant π+Λ
events come from the production of π−Σ∗+ → π−π+Λ,
but when producing π+Σ∗−, the π+Λ state is not reso-
nant and it is what we call the “wrong couple”. At higher
ππΛ invariant masses, however, the Σ∗ shape shows up
very clearly.

In Fig. (6b,c,d), we show the invariant mass distribu-
tion, dΓ/dMπΛ, for other values of MππΛ. In all these
cases the Σ∗ peak in MπΛ shows up clearly and stays at
the same position independent of the ππΛ mass. On the

other hand, the “background” created by the wrong cou-
ple moves to higher πΛ invariant masses as the ππΛ mass
grows, hiding below the Σ∗ peak at MππΛ = 1.64 GeV,
and moving to higher MπΛ values above the Σ∗ peak as
MππΛ increases further (not shown). The strength for the
J/ψ → Λ̄π+π−Λ reaction as a function of energy shown
in Fig. 4 in the vicinity of the Λ(1520) pole, together
with the pattern of the MπΛ invariant masses shown in
Fig. 6, are predictions of the dynamics assumed into the
mechanism of Fig. 2b, implying that all ππΛ production
proceeds via πΣ∗ production, as the chiral unitary model
provides. The pattern of the πΛ mass distribution at 1.52
GeV shown in Fig. 6 should be a good reference for com-
parison with experiment. The predictions of the model
at MπΛ ≥ 1.56 GeV should be taken with more caution
when comparing with experiment since this is a region
where the background will not be negligible. Yet, the
peak of the Σ∗(1385) should be clearly seen.

The combined experimental study of these reactions
and their mass distributions should definitely provide in-
formation to contrast the prediction of the chiral unitary
approach as well as those of other models, hence helping
understand better the nature of the Λ(1520).

Note that a similar pattern of the πΛ invariant masses
as in Fig. 6 was observed in the K−p → π0π0Λ reac-
tion [24]. However, in that work the K−p total energy
corresponds to values above the Λ(1520) mass and the
data were not related to the properties of the Λ(1520). In
Ref. [12] it was noticed that data for K−p→ π+π−Λ [22]
existed at the peak of the Λ(1520), but not at higher ener-
gies where the Σ∗ invariant mass could have been better
reconstructed. The work of Ref. [12] established the re-
lationship between the two experiments, linking them to
the properties of the Λ(1520).

V. SUMMARY

We have studied the reactions J/ψ → Λ̄K−p and
J/ψ → Λ̄π+π−Λ, in particular, the ratio of their in-
variant mass distributions at the Λ(1520) peak, using
a unitary chiral approach. The unitary chiral approach
contains chiral dynamics, which constrains the s-wave in-
teraction, and parameters that are fitted to reproduce the
d-wave amplitudes. It provides a suitable framework to
study processes where the Λ(1520) plays a relevant role.
In this work, we concentrated on the ratio of these two
invariant mass distributions around the Λ(1520) peak po-
sition, which enabled us to overcome the unknown cou-
plings of the J/ψ to the Λ̄MB system, which are needed
for the production mechanism. The obtained invariant
mass distributions show clearly the Λ(1520) peak, and
the ratio at the peak position is ∼ 4.

We also made predictions for the πΛ mass distributions
at different values of MππΛ, close to the Λ(1520) peak,
which exhibit a peculiar pattern as a function of MππΛ

and show clearly the Σ∗ peak. We encourage the BES
collaboration to perform an analysis of these two reac-
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(c) Mπ+π-Λ=1.60 GeV
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FIG. 6: The invariant mass distributions, dΓ/dMπΛ, of the J/ψ → Λ̄π+π−Λ reaction at different Mπ+π−Λ. The curves have
been normalized by their corresponding strength (some of them shown in Fig. 4) in such a way that the areas under the curves
are unity.

tions. It will be extremely helpful to improve the present
experimental situation regarding the Λ(1520) resonance,
particularly its ππΛ decay mode, and to better under-
stand the nature of the Λ(1520) and its underlying chiral
dynamics.
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