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Inspired by the latest BESIII measurement of the Λð1520Þ → γΣ0 radiative decay, we systematically
study the decays Λð1520Þ → γΛðΣ0Þ within the chiral unitary approach, where the Λð1520Þ is treated as a
dynamically generated resonance from meson-baryon interactions. Compared with previous chiral unitary
studies, we adopt dimensional regularization for S-wave loop integrals to preserve gauge invariance and,
for the first time, include Feynman diagrams with photon coupling to intermediate baryons. Our calculated
partial decay width ΓðΛð1520Þ → γΣ0Þ agrees well with the new BESIII data, whereas the predicted
ΓðΛð1520Þ → γΛÞ is considerably smaller than the CLAS experimental result. By comparing our results
with predictions from various quark models, together with an analysis of the Λð1520Þ compositeness, we
discuss the internal nature of the Λð1520Þ resonance, highlight its complex component structure, and stress
the need for more refined theoretical frameworks and further experimental measurements.
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I. INTRODUCTION

Electromagnetic radiative decays of excited hyperons
serve as a sensitive probe for investigating hadron structure,
particularly in resolving the ambiguous nature of certain
resonances that may either predominantly consist of conven-
tional three-quark configurations or are more likely dynami-
cally generated meson-baryon molecular states [1,2]. For
half a century, such decays have been investigated within
various theoretical frameworks, such as the chiral unitary
approach [3–7], quark models [8–16], and other approaches
[17–19]. In contrast to their theoretical counterparts,
experimental measurements of the radiative decays of
excited hyperon states remain limited, primarily due to
their small branching fractions [20–25]. Notably, reconcil-
ing theoretical descriptions with experimental results for

radiative decays of hyperon resonances has remained a
longstanding and significant challenge.
Very recently, the BESIII Collaboration [24] reported

new measurements of the Λð1520Þ → γΣ0 and the ratio of
the partial decay widths of the Λð1520Þ, which are

ΓðΛð1520Þ → γΣ0Þ ¼ 46.8ð66Þð93Þ keV; ð1Þ

RΛð1520Þ ¼
ΓðΛð1520Þ → γΛÞ
ΓðΛð1520Þ → γΣ0Þ ¼ 3.19ð34Þð19Þ; ð2Þ

where the uncertainties in parentheses correspond to
statistical and systematic errors, respectively. Note that
the Λð1520Þ radiative decay has been measured previously
[20–23]. Except for the predictions from a nonrelativistic
quark model [11] 40 years ago, nonexisting theoretical
results can reproduce the BESIII data. As a result, we revisit
the radiative decays of the Λð1520Þ resonance in this work.
Although quark models [8–13,16] have been used to

calculate the radiative decaysΛð1520Þ → γΛðΣ0Þ, we adopt
the chiral unitary approach in this work because the state
can contain substantial or even dominant meson-baryon
configurations [26–30]. The chiral unitary approach is the
unitary extension of chiral perturbation theory (UχPT) and
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can deal with hadron interactions at energies higher than the
domain of chiral perturbation theory. Within this method,
some well-known resonances are dynamically generated in
the coupled-channel formalism. In the literature, three
schemes were proposed to unitarize coupled-channel ampli-
tudes, i.e., the inverse amplitude method [31,32], the
N/D method [33], and the Bethe-Salpeter method [34]. At
higher energies, the discrepancies among the three methods
prove to be minute when resonances are already dynamically
generated using the lowest-order interaction kernels. A
summary and comparison of these methods can be found
in Ref. [35]. Radiative decays of the Λð1520Þ resonance
have been studied within the coupled-channel formalism
built upon the Bethe-Salpeter method [5]. In this picture, the
JP ¼ 3

2
− Λð1520Þ resonance is dynamically generated from

the rescattering of the 3
2
þ decuplet baryons with the

0− pseudoscalar mesons. In Ref. [5], the authors used a
cutoff scheme for the regularization of the Λð1520Þ →
γΛðΣ0Þ Feynman diagrams. It comes at the cost of gauge
invariance and inevitably leads to cutoff-dependent results.
Furthermore, the diagrams with a photon coupling to an
intermediate baryon are not considered. Whether these
shortcomings can explain the discrepancy between their
results [5] and the latest BESIII data needs to be examined,
which is the main purpose of the present work.
In this work, we revisit the radiative decays Λð1520Þ →

γΛðΣ0Þ by extending the formalism developed in Ref. [5].
The main novelties of the present work are threefold: (i) We
employ dimensional regularization for S-wave loop ampli-
tudes, maintaining exact gauge invariance and avoiding the
gauge-breaking cutoff scheme adopted in earlier studies;
(ii) We include additional Feynman diagrams with photon
coupling to intermediate octet baryons, which were neglected
in previous chiral unitary calculations; (iii) We perform a
detailed channel-by-channel and diagram-by-diagramdecom-
position, revealing the destructive interference mechanism
that strongly suppressesΛð1520Þ → γΛ, and demonstrate the
non-negligible role of D-wave contributions.
This work is organized as follows. In Sec. II, we briefly

outline the description of the chiral unitary coupled-channel
approach, and calculate the relevant Feynman diagrams.
We show the numerical results for the radiative decays
Λð1520Þ → γΛ and Λð1520Þ → γΣ0 in Sec. III. A brief
conclusion is given in Sec. IV.

II. THEORETICAL FRAMEWORK

In this section, we introduce the chiral unitary coupled-
channel approach and derive the amplitudes for the
radiative decays Λð1520Þ → γΛ and Λð1520Þ → γΣ0.

A. Description of the Λð1520Þ state in the chiral unitary
coupled-channel approach

We explain how theΛð1520Þ is dynamically generated in
a coupled-channel formalism. The lowest-order Lagrangian

describing the S-wave interaction of the 3
2
þ baryon decuplet

with the 0− meson octet reads [26,27]

L ¼ −iB̄�μ=DB�
μ; ð3Þ

where B�μ
abc denotes the 3

2
þ baryon decuplet field and the

covariant derivative Dν is given by

DνB�μ
abc ¼ ∂

νB�μ
abc þ ðΓν; B�μÞabc; ð4Þ

with the following definitions,

ðΓν; B�μÞabc ¼ ðΓνÞdaB�μ
dbc þ ðΓνÞdbB�μ

adc þ ðΓνÞdcB�μ
abd;

Γν ¼ 1

2
ðu†∂νuþ u∂νu†Þ: ð5Þ

Here a, b, and c are the SUð3Þ indices. u ¼ exp ½iΦ=
ffiffiffi
2

p
Fϕ�

with the unimodular matrix containing the pseudoscalar
nonet Φ, and Fϕ is the pseudoscalar decay constant.
From the Lagrangian in Eq. (3), one can obtain the

interaction kernel V for the S-wave transition amplitudes.
The V matrix is explicitly given in Ref. [5,26]. For the
3
2
− states with strangeness S ¼ −1 and isospin I ¼ 0, the
S-wave coupled channels are πΣ� and KΞ�. In this work,
appropriate isospin projections are done as follows, where
we have adopted the same isospin phase convention as
Refs. [5,36]:

jπΣ�; I ¼ 0i ¼ −
1ffiffiffi
3

p jπþΣ�−i− 1ffiffiffi
3

p jπ0Σ�0i þ 1ffiffiffi
3

p jπ−Σ�þi;

jKΞ�; I ¼ 0i ¼ 1ffiffiffi
2

p jKþΞ�−i− 1ffiffiffi
2

p jK0Ξ�0i: ð6Þ

The matrix V is then used as the kernel for the
Bethe-Salpeter equation to obtain the unitary transition
matrix [37]. This results in the matrix equation,

T ¼ V þ VGT ⇒ T ¼ ð1 − VGÞ−1V; ð7Þ

where the meson-baryon loop function G is a diagonal
matrix and is given by [5,26,28]

Gii ¼ i2Mi

Z
d4q
ð2πÞ4

1

ðP − qÞ2 −M2
i þ iϵ

×
1

q2 −m2
i þ iϵ

� jq⃗j
jq⃗onj

�
2lii
; ð8Þ

in which q is the four-momentum of the pseudoscalar
meson, and P denotes the total four-momentum of the
meson-baryon system. Mi and mi stand for the masses of
the baryons and mesons, respectively. lii in the S- and
D-wave channel is taken as 0 and 2, respectively. Here,
jq⃗j ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðs − ðmi − MiÞ2Þðs − ðmi þ MiÞ2Þ

p
=ð2 ffiffiffi

s
p Þ with

s ¼ P2, and q⃗on ¼ jq⃗js¼M2
Λð1520Þ

.
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Considering parity and angular momentum conservation,
the P-wave case is forbidden. The D-wave channels K̄N
and πΣ couple to the Λð1520Þ. These coupled channels can
be represented as follows:

jK̄N; I ¼ 0i ¼ 1ffiffiffi
2

p jK̄0ni þ 1ffiffiffi
2

p jK−pi;

jπΣ; I ¼ 0i ¼ −
1ffiffiffi
3

p jπþΣ−i − 1ffiffiffi
3

p jπ0Σ0i − 1ffiffiffi
3

p jπ−Σþi:

ð9Þ

For the purpose of calculating the loop integrations of the
Λð1520Þ → γΛðΣ0Þ, we have used the K̄N → πΣ� and
πΣ → πΣ� vertices as shown in Fig. 1, which have the
following form [5,26]

−itK̄N→πΣ� ¼ −iβK̄N jq⃗j2C
�
1

2
2
3

2
;m;m0 −m

�

× Y2;m−m0 ð ˆq⃗Þð−1Þm0−m
ffiffiffiffiffiffi
4π

p
; ð10Þ

−itπΣ→πΣ� ¼ −iβπΣjq⃗j2C
�
1

2
2
3

2
;m;m0 −m

�

× Y2;m−m0 ð ˆq⃗Þð−1Þm0−m
ffiffiffiffiffiffi
4π

p
: ð11Þ

Here βK̄N and βπΣ represent the coupling strengths, and
their values have to be determined via experiment [28].
Y2ðk̂Þ is the spherical harmonic. q⃗ is the 3-momentum of
the pseudoscalar meson. m and m0 denote the third
components of the spins of the initial octet baryon and
the final Σ�, respectively. C refers to the Clebsch-Gordan
coefficient. In fact, the KΞ channel is also allowed in the
D wave. However, its influence should be small in the
description of the Λð1520Þ resonance since the KΞ thresh-
old is far from the region around 1520 MeV. As a result, the
KΞ channel has been safely ignored in our work.
Considering the combination of S-wave and D-wave chan-
nels, the coupled channels in the kernel V of the Bethe-
Salpeter equation are in sequence πΣ�, KΞ�, K̄N, and πΣ in
the present work. The matrix V containing the tree-level
amplitudes is written as

V ¼

0
BBBB@

C11ðk01 þ k01Þ C12ðk01 þ k02Þ γ13q23 γ14q24
C21ðk02 þ k01Þ C22ðk02 þ k02Þ 0 0

γ13q23 0 γ33q43 γ34q23q
2
4

γ14q24 0 γ34q23q
2
4 γ44q44

1
CCCCA;

ð12Þ

where qi is the on shell three-momentum of the meson or
baryon in the center-of-mass frame. The matrix elements
V11, V12, V21 and V22 are derived from the lowest order
chiral Lagrangian in Eq. (3). V23 and V24 involving the

tree-level interaction of the KΞ� channel to the D-wave
channels are neglected in our work. This is because the
KΞ� threshold lies far above the Λð1520Þ mass, making its
contribution negligible compared to that of the πΣ�. For the
same reason, the KΞ channel in the D wave is also
completely ignored. Five D-wave coupling strengths γij
can be determined by fitting to K̄N → K̄N and K̄N → πΣ
data, as done in Ref. [28].

B. Decay amplitudes of the Λð1520Þ → γΛðΣ0Þ
In this subsection, we present how to compute the radiative

decays Λð1520Þ → γΛðΣ0Þ as shown in Fig. 2. The relevant
loop diagrams are determined by the lowest order Lagrangians

Lð1Þ
B þ Lð2Þ

M þ Lð1Þ
MB þ Lð1Þ

B� þ Lð1Þ
B�B [3,6,38–43], which are

Lð1Þ
B ¼ hB̄iγμDμB −m0B̄Bi; ð13Þ

Lð2Þ
M ¼ F2

ϕ

4
huμuμ þ χþi; ð14Þ

Lð1Þ
MB ¼ D

2
hB̄γμγ5fuμ; Bgi þ

F
2
hB̄γμγ5½uμ; B�i; ð15Þ

Lð1Þ
B� ¼ B̄�μ

abcðiγμναDα −mB�γμνÞB�ν
abc; ð16Þ

Lð1Þ
B�B ¼ CðB̄�μAμBþ B̄AμB�μÞ; ð17Þ

with

Dμ ¼ ∂μBþ ½Γμ; B�; χ� ¼ u†χu† � uχu;

Γμ ¼
1

2
ðu†∂μuþ u∂μu†Þ −

i
2
ðu†vμuþ uvμu†Þ;

uμ ¼ iðu†∂μu − u∂μu†Þ þ ðu†vμu − uvμu†Þ;

Aμ ¼
i
2
ðu∂μu† − u†∂μuÞ; ð18Þ

wherem0 denotes the baryonmass in the chiral limit [44], and
vμ is the vector source. χ ¼ 2B0M with the B0 ¼ jh0jq̄qj0ij
and the quark mass matrix M ¼ diagðmq;mq;msÞ. mB� is
the decuplet baryon mass. The totally antisymmetric gamma
matrix products are defined as: γμνα ¼ 1

2
fγμν; γαg, and

γμν ¼ 1
2
½γμ; γν�. The low energy constant C is determined

from the strong decay of theΔð1232Þ, i.e., C ¼
ffiffi
2

p
f�ΔπN
mπ

fπ with
f�ΔπN ¼ 2.13 [4,5], which characterizes the ΔπN coupling

FIG. 1. The MB → πΣ� vertex where MB can be either K̄N
or πΣ.
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strength. In this work, as in Ref. [45], we take Fϕ ¼ 1.17Fπ

with Fπ ¼ 92.4 MeV,D ¼ 0.80, and F ¼ 0.46 for the axial
and vector meson-baryon couplings.
The amplitudes for the Λð1520Þ → γΛðΣ0Þ contain the

contributions of the S-wave and D-wave channels which
are represented by the diagrams (a)-(c) and (d)-(e) in
Fig. 2, respectively. Using the Lagrangians (13)–(17) and
summing over all diagrams, one obtains the corresponding
amplitudes as follows:

− itðI¼0Þ
γΛðΣ0Þ→MBð�Þ→πþΣ�−

¼ −e
f�ΔπN
mπ

S† · ϵ
X
MB�

ξðsÞMB� ðGð2bÞ
MB� þ Gð2cÞ

MB� ÞTMB�→πþΣ�−

þ e
Fϕ

S† · ϵ
X
MB

ξðdÞMBðGð2dÞ
MB þ Gð2eÞ

MB ÞTMB→πþΣ�− : ð19Þ

In Eq. (19),MB� andMB are πþΣ�−, π−Σ�þ, KþΞ�−, K−p,

πþΣ−, and π−Σþ in sequence. ξðsÞMB� and ξðdÞMB represent the
flavor coefficients in the S and D waves, respectively,
which are listed in Table I. It is to be noted that the Kroll-
Ruderman structure analogous to diagram (a) in Fig. 2 is
not considered for theD-wave situation. This is because the
combination of S-wave and D-wave vertices vanishes upon
integrating over the loop momentum.
Next, we compute the loop functions. For all the diagrams

in Fig. 2, we use P, k, and q to label the 4-momentum of
the Λð1520Þ, photon, and meson, respectively. Following
Refs. [3,4,46,47], the general expression of the S-wave loop
functions can be written as

GMB�S† · ϵ ¼ Gμν
MB�S†μϵν; ð20Þ

with

Gμν
MB� ¼ agμν þ bPμPν þ cPμkν þ dkμPν þ ekμkν; ð21Þ

where S†μ is the spin 1
2
→ 3

2
transition operator and

S†μ ¼ ð0; S⃗†Þ. ϵν is the polarization vector of the photon.
By employing the Lorentz condition ϵνkν ¼ 0 and the Ward
identity Gμν

MB�kν ¼ 0 in Eq. (21), one obtains the relation
aþ dðP · kÞ ¼ 0. Furthermore, due to the fact jP⃗j ¼ 0 in the
rest frame of the Λð1520Þ and the Coulomb gauge for the
photon, i.e., ϵ0 ¼ 0, only the term agμν survives in Eq. (21).
In other words, the loop function GMB� is equal to the
coefficient a. However, we use the relation a ¼ −dðP · kÞ
to compute the coefficient a. The advantage of evaluating
the coefficient d is that the loop integral is finite and fewer
terms contribute to it. One notes that diagram (a) of Fig. 2
does not contribute to the coefficient d. As a result, the loop
function GMB� is only evaluated from the diagrams (b)

and (c). To keep gauge invariance, the loop functions Gð2bÞ
MB�

and Gð2cÞ
MB� are calculated using the dimensional regulari-

zation scheme, and their expressions correspond to the GI
g:i:

FIG. 2. Radiative decay mechanism of the Λð1520Þ in S- and D-wave loops, where double-solid, solid, dashed, and wiggly lines
represent decuplet baryons ðB�Þ, octet baryons (B), Goldstone bosons (M), and photons (γ), respectively. Diagrams (a), (b),
and (c) show the couplings to the MB� loops in S wave, which MB� can be the three coupled channels; πþΣ�−, π−Σ�þ, and KþΞ�−.
Diagrams (d) and (e) show these processes with D-wave couplings of MB (K−p, πþΣ−, and π−Σþ) to the Λð1520Þ.

TABLE I. Coefficients of various S- and D-wave coupled
channels in Fig. 2.

Coefficients Λð1520Þ → γΛ Λð1520Þ → γΣ0

ξðsÞπþΣ�− −
ffiffi
6

p
2

−
ffiffi
6

p
6

ξðsÞπ−Σ�þ −
ffiffi
6

p
2

ffiffi
6

p
6

ξðsÞKþΞ�−

ffiffi
2

p
2

−
ffiffi
6

p
6

ξðdÞK−p
1
3
ðDþ 3FÞ 1ffiffi

3
p ðF −DÞ

ξðdÞπþΣ−
2
3
D 2ffiffi

3
p F

ξðdÞπ−Σþ − 2
3
D 2ffiffi

3
p F
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and GII
g:i: in Ref. [4] about the radiative decay of the

Δ�ð1700Þ. Notably, this way of dealing with the loop

functions makes Gð2bÞ
MB� þ Gð2cÞ

MB� independent of the regu-
larization scale μ.

For the D-wave loop functions Gð2dÞ
MB and Gð2eÞ

MB , their
expressions are accompanied by the jq⃗2j factor from the
D-wave vertices in Eqs. (10) and (11). Due to the existence
of the 3-momentum q⃗, it is not easy to treat the D-wave
loop functions in the dimensional regularization scheme

[48,49]. Instead, we use the cutoff scheme to evaluate Gð2dÞ
MB

andGð2eÞ
MB . From Eq. (23) in Ref. [5], the loop functionGð2dÞ

MB
has been calculated in the cutoff regularization. Thus, this
result is directly applicable. However, the loop function

Gð2eÞ
MB of a photon coupling to an intermediate baryon is

evaluated for the first time. In the cutoff scheme, the

D-wave loop function Gð2eÞ
MB is given by

Gð2eÞ
MB ¼ −i

Z
d4q
ð2πÞ4

jq⃗j2
q2 −m2

M þ iϵ
1

P0 − q0 − EBðq⃗Þ þ iϵ

×
1

P0 − q0 − k0 − E0
B þ iϵ

×
mB

EBðq⃗Þ
mB

E0
Bðq⃗þ k⃗Þ

1

2mB

jq⃗j2
jq⃗MBj2

¼ −
Z

djq⃗j
ð2πÞ2

1

P0 − ωM − EBðq⃗Þ þ iε

×
1

P0 − ωM − k0 − E0
Bðq⃗þ k⃗Þ þ iε

×
mBjq⃗j4

2ωMEBðq⃗ÞE0
Bðq⃗þ k⃗Þ

jq⃗j2
jq⃗MBj2

; ð22Þ

where EB and E0
B are the energies of the octet baryon of

mass mB at 3-momentum P⃗ − q⃗ and P⃗ − q⃗ − k⃗, respec-
tively. ωM denotes the energy of the pseudoscalar meson
of mass mM. P0 and k0 are the energies of the on shell
Λð1520Þ and photon. q⃗MB is the on shell 3-momentum of
the pseudoscalar meson (M) and octet baryon (B) for the
Λð1520Þ decay at rest. As done in Ref. [5], the cutoff values
are obtained by matching the dimensional regularization
and cutoff scheme of the meson-baryon D-wave loop atffiffiffi
s

p ¼ 1520 MeV. This results in ΛK̄N ¼ 507 MeV and
ΛπΣ ¼ 558 MeV, which are adopted in the present work.

III. RESULTS AND DISCUSSIONS

In this section, we first study the Λð1520Þ → γΛðΣ0Þ
decays within the chiral unitary approach. Next, we compare
the results for the Λð1520Þ → γΛðΣ0Þ decays obtained from
the chiral unitary approach with those from various quark
models, and analyze the compositeness of the Λð1520Þ.

A. Results for the Λð1520Þ → γΛðΣ0Þ
As can be seen in Eq. (19), the amplitudes for the

radiative decays Λð1520Þ → γΛðΣ0Þ are written in terms of
TMB�→πþΣ�− and TMB→πþΣ�− , the unitary solution of the
Bethe-Salpeter equation (7) for meson-baryon scattering
with the transitions from channels MB� and MB to the
πþΣ�− final state. TMB�→πþΣ�− and TMB→πþΣ�− are expanded
around the pole in the complex plane with the leading term
of the Laurent series, which is written as

TMB�→πþΣ�− ¼ gΛð1520Þ→MB�gΛð1520Þ→πþΣ�−ffiffiffi
s

p
−MΛð1520Þ þ iΓΛð1520Þ=2

;

TMB→πþΣ�− ¼ gΛð1520Þ→MBgΛð1520Þ→πþΣ�−ffiffiffi
s

p
−MΛð1520Þ þ iΓΛð1520Þ=2

: ð23Þ

Here, ΓΛð1520Þ is the total width of the Λð1520Þ. Substituting
Eq. (23) into Eq. (19), the amplitude in Eq. (19) can be
matched to the resonant process in Fig. 3, which is

−itΛð1520Þ ¼
gΛð1520Þ→πþΣ�−gΛð1520Þ→γΛðΣ0Þffiffiffi
s

p
−MΛð1520Þ þ iΓΛð1520Þ=2

S† · ϵ: ð24Þ

This matching result gives the effective couplings
gΛð1520Þ→γΛ and gΛð1520Þ→γΣ0 in terms of the loop functions
GMBð�Þ from Eq. (19) and the couplings gΛð1520Þ→MBð�Þ ,
namely,

gΛð1520Þ→γΛðΣ0Þ

¼ −e
f�ΔπN
mπ

X
MB�

ξðsÞMB� ðGð3bÞ
MB� þ Gð3cÞ

MB� ÞgΛð1520Þ→MB�

þ e
Fϕ

X
MB

ξðdÞMBðGð3dÞ
MB þ Gð3eÞ

MB ÞgΛð1520Þ→MB; ð25Þ

where the couplings gΛð1520Þ→MB� and gΛð1520Þ→MB of
the dynamically generated Λð1520Þ to the S-wave and
D-wave coupled channels are collected in Table II. Note
that these couplings are for isospin channels, and they
should be multiplied by the corresponding Clebsch-Gordan
coefficients for particle channels, as provided in Eqs. (6)
and (9). Using the effective couplings gΛð1520Þ→γΛðΣ0Þ, one
finds the partial decay width for the radiative decays
Λð1520Þ → γΛðΣ0Þ as follows:

Γ ¼ jk⃗j
3π

jgΛð1520Þ→γΛðΣ0Þj2
mΛðΣ0Þ
MΛð1520Þ

; ð26Þ

FIG. 3. Effective resonance representation of the
Λð1520Þ → γΛðΣ0Þ.
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where jk⃗j is the center-of-mass 3-momentum of the photon
in the Λð1520Þ rest frame. In this work, we fix the center-
of-mass energy of the Λð1520Þ at 1520 MeV, which is the
real part of the Λð1520Þ pole position in the meson-baryon
scattering amplitude. It should be emphasized that all
loop functions are evaluated on the physical sheet, i.e.,
at

ffiffiffi
s

p
→

ffiffiffi
s

p þ iϵ. For the masses of octet baryons and
pseudoscalar mesons, we take the PDG values [25].
From Eq. (26), the radiative decay widths and their ratio

for the Λð1520Þ → γΛ and Λð1520Þ → γΣ0 are calculated
to be

ΓðΛð1520Þ → γΛÞ ¼ 1.7 keV;

ΓðΛð1520Þ → γΣ0Þ ¼ 44.6 keV;

RΛð1520Þ ¼
ΓðΛð1520Þ → γΛÞ
ΓðΛð1520Þ → γΣ0Þ ¼ 0.04: ð27Þ

While our prediction for the ΓðΛð1520Þ → γΣ0Þ is in
excellent agreement with the latest BESIII data [24], that
for the ΓðΛð1520Þ → γΛÞ is significantly smaller than the
CLAS measurement [20]. Such a puzzling physical phe-
nomenon should be checked by future experimental and
theoretical studies.
In the previous work [5], the authors have studied

the radiative decays of the Λð1520Þ using the chiral
unitary approach. Unlike our findings, both of their
predicted results, ΓðΛð1520Þ → γΛÞ ¼ 2.5–4 KeV and
ΓðΛð1520Þ → γΣ0Þ ¼ 71 KeV, are inconsistent with the
CLAS and the latest BESIII data [20,24]. Two factors

account for these differences. One is the numerical treat-
ment of the D-wave contributions: we take Fϕ ¼ 1.17Fπ ,
whereas Ref. [5] uses Fϕ ¼ Fπ. The other is the inclusion
of diagrams with a photon coupling to an intermediate
baryon in our work, which are absent in Ref. [5]. These
differences explain why the predictions in Ref. [5] are
systematically larger than ours. To quantify individual
effects of the two factors on the decay widths of the
Λð1520Þ → γΛðΣ0Þ, we consider two scenarios; adopting
Fϕ ¼ 1.17Fπ alone gives the ΓðΛð1520Þ → γΛÞI ¼
4.0 KeV and ΓðΛð1520Þ → γΣ0ÞI ¼ 64.6 KeV, whereas
including only diagrams with a photon coupling to an
intermediate baryon yields the ΓðΛð1520Þ → γΛÞII ¼
2.1 KeV and ΓðΛð1520Þ → γΣ0ÞII ¼ 53.1 KeV. It is
found that the latter is already sufficient to explain the
latest BESIII data of the Λð1520Þ → γΣ0 [24], and
the addition of Fϕ ¼ 1.17Fπ further shifts the prediction
toward the central value 46.8ð66Þð93Þ keV of the BESIII
measurement.
In addition, one notes that our calculated RΛð1520Þ in

Eq. (27) is less than 1, similar to the behavior predicted by
flavor SUð3Þ symmetry [22,50]. Nevertheless, our value is
much smaller than 1, while the SUð3Þ symmetry predicts
about 0.4. To elucidate the underlying mechanism, we
provide a detailed decomposition of the contributions to the
effective coupling gΛð1520Þ→γΛ, itemized by each Feynman
diagram and meson-baryon channel. These results are
summarized in Table III. As expected, the S-wave con-
tributions to the radiative decays of theΛð1520Þ are all real,
because the mass of this resonance lies below the meson-
baryon threshold. For the Λð1520Þ → γΛ decay, Table III
shows that while the individual contribution from S-wave
πþΣ�− or πþΣ�− is the largest, their sum vanishes exactly as
a consequence of isospin symmetry. The same destructive
interference also holds for the πþΣ− and π−Σþ channels in
D wave. These features collectively render the decay width
of the Λð1520Þ → γΛ small. We also find that the D-wave
contribution dominates the Λð1520Þ → γΛ decay, since the
contribution from the K−p channel is significantly larger

TABLE II. Couplings of the dynamically generated Λð1520Þ to
the coupled channels in S and D waves [28].

Channels gΛð1520Þ→MB� gΛð1520Þ→MB

πΣ� 0.91 � � �
KΞ� −0.29 � � �
K̄N � � � −0.54
πΣ � � � −0.45

TABLE III. Decomposition of each meson-baryon channel and diagram contributions to the effective couplings gΛð1520Þ→γΛ and
gΛð1520Þ→γΣ0 . The superscripts ð2bÞ, ð2cÞ, ð2dÞ, and ð2eÞ denote the contributions from the diagrams (b), (c), (d), and (e) in Fig. 2,
respectively. These effective couplings are given in units of 10−3.

Λð1520Þ → γΛ Λð1520Þ → γΣ0

gð2bÞΛð1520Þ→γΛ gð2bÞþð2cÞ
Λð1520Þ→γΛ gð2dÞΛð1520Þ→γΛ gð2dÞþð2eÞ

Λð1520Þ→γΛ gð2bÞΛð1520Þ→γΣ0 gð2bÞþð2cÞ
Λð1520Þ→γΣ0 gð2dÞΛð1520Þ→γΣ0 gð2dÞþð2eÞ

Λð1520Þ→γΣ0

πþΣ�− −37.1 −32.5 � � � � � � 11.3 9.8 � � � � � �
π−Σ�þ 37.1 32.5 � � � � � � 11.3 9.8 � � � � � �
KþΞ�− −2.3 −1.7 � � � � � � 1.1 0.9 � � � � � �
K−p � � � � � � −9.7 − 2.1i −5.9 − 1.3i � � � � � � 2.8þ 0.6i 1.7þ 0.4i

πþΣ− � � � � � � 11.7þ 5.1i 9.7þ 4.6i � � � � � � 12.0þ 5.0i 9.9þ 4.3i

π−Σþ � � � � � � −11.7 − 5.1i −9.7 − 4.6i � � � � � � 12.0þ 5.0i 9.9þ 4.3i
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than that from the KþΞ�− channel. For the Λð1520Þ → γΣ0

decay, however, the contributions arising from each meson-
baryon channel in S and D waves exhibit constructive
interference with each other. This naturally gives rise to a
larger decay width than that of the Λð1520Þ → γΛ.
Moreover, the S- and D-wave contributions are found to
be roughly of the same order, with theD-wave contribution
being marginally larger. As discussed above, the D-wave
contributions are important and non-negligible in the study
of the Λð1520Þ → γΛðΣ0Þ. Additionally, an inspection of
Table III reveals that they noticeably affect the radiative
decays of the Λð1520Þ, despite the contributions from
diagrams ð2cÞ and ð2eÞ being of relatively small magni-
tude. In particular, the consideration of diagrams ð2cÞ and
ð2eÞ with a photon coupling to an intermediate baryon
predicts smaller decay widths for the Λð1520Þ → γΛðΣ0Þ,
because these contributions are always opposite in sign to
those of diagrams ð2bÞ and ð2dÞ. This is one reason why
our work can explain the latest BESIII data for the
Λð1520Þ → γΣ0, whereas the previous UχPT work [5]
could not.
Now, we discuss the cutoff dependence of the radiative

decay widths ofΛð1520Þ. For this purpose, we have plotted
Figs. 4 and 5 by using a common cutoff value for all D-
wave meson-baryon channels. As shown in these two
figures, in contrast to Ref. [5], our predicted decay widths
exhibit substantially weaker cutoff dependence. This is due
to two reasons; (i) the S-wave contribution computed with
the dimensional regularization scheme is cutoff-indepen-
dent, (ii) for the D-wave, the inclusion of diagram ð2eÞ
reduces the cutoff dependence, as its contribution has the
opposite sign to that of diagram ð2dÞ. Nevertheless, our
predicted decay widths remain moderately sensitive to the
cutoff parameter. This indicates that any substantial cutoff
deviation from our adopted values, ΛK̄N ¼ 507 MeV and
ΛπΣ ¼ 558 MeV, would inevitably shift the

ffiffiffi
s

p
value away

from 1520 MeV. Consequently, the cutoff values need to be
treated with due caution.
It should be recognized that the radiative decay ampli-

tudes in this work are constructed using the couplings
gΛð1520Þ→MBð�Þ of the Λð1520Þ to the coupled channels,
extracted from the pole residues, rather than the full
coupled-channel amplitudes obtained from the Bethe-
Salpeter equation. As a consequence, the radiative decay
widths predicted in the present work inevitably suffer from
uncertainties induced by the pole approximation. To exam-
ine whether these uncertainties could affect our predictions,
we perform the following analysis. Since the radiative decay
widths of Λð1520Þ are proportional to the squared modulus
of the unitary matrix TMBð�Þ→πΣ� , their uncertainties are
reflected by those of jTMBð�Þ→πΣ� j2. Within the pole approxi-
mation, the values of jTMBð�Þ→πΣ� j2 are computed from
Eq. (23) with

ffiffiffi
s

p ¼ 1520 MeV. By a direct comparison
between these values and those obtained from the full Bethe-
Salpeter equation, we readily estimate the uncertainties for

the ΓðΛð1520Þ → γΛÞ and ΓðΛð1520Þ → γΣ0Þ to be about
5% and 7%, respectively. These uncertainties are relatively
small and therefore do not affect our previous conclusions.

B. Discussion for the Λð1520Þ resonance component

As discussed above, the purely dynamically generated
meson-baryon picture within the chiral unitary approach
reproduces the BESIII Λð1520Þ → γΣ0 data well but
substantially underestimates the CLAS Λð1520Þ → γΛ
measurement. This indicates that the Λð1520Þ cannot be
described purely as a meson-baryon molecular state and
likely contains intrinsic three-quark component mixing. To
deepen our understanding of the role of different compo-
nents in the radiative decays of the Λð1520Þ resonance, we
compare the results from the chiral unitary approach with
those from quark models, where the Λð1520Þ is composed
of three constituent quarks.
In Fig. 6 we compare our predicted decay widths

ΓðΛð1520Þ → γΛÞ and ΓðΛð1520Þ → γΣ0Þ with those
obtained by other approaches, including the UχPT [5],
the relativized constituent quark model [12] (RCQM),
the nonrelativistic quark models (NRQM I [11] and
NRQM II [10]), and the chiral quark model [8]
(χQM). We note that for the Λð1520Þ → γΣ0, all other

FIG. 4. Decay width of the Λð1520Þ → γΛ as a function of the
cutoff parameter Λ. The solid and dashed lines represent the
results of the present work and Ref. [5], respectively.

FIG. 5. Same as Fig. 4 but for the Λð1520Þ → γΣ0.
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quark model predictions fall outside the 1σ confidence
interval of the latest BESIII data [24], except for ours and
that of NRQM I [11]. Nevertheless, our prediction
ΓðΛð1520Þ → γΣ0Þ ¼ 44.6 keV is significantly closer to
the experimental central value 46.8 keV than the result
55 keV from NRQM I. For the Λð1520Þ → γΛ, the
predictions from the chiral unitary approach are far from
the CLAS measurement [20]. By contrast, all quark model
predictions are either consistent with the CLAS data or lie
close to them. The above results warrant further verifica-
tion through future experimental and theoretical studies.
To gain further insight into the internal structure of the

Λð1520Þ, we can estimate its composite nature by using the
Weinberg compositeness [30,51,52],

X
i

Xi ¼ 1 − Z; ð28Þ

with

Xi ¼ −Re

"
g2i

"
dGII

iiðsÞ
d

ffiffiffi
s

p
#

ffiffi
s

p ¼ ffiffiffi
s0

p

#
; ð29Þ

where Xi represents the weight of each meson-baryon
channel. Z is a measure of the presence of genuine qqq

components. The coupling strength gi of the dynamically
generated Λð1520Þ to each meson-baryon channel in both
the S- and D-waves is given in Table II.

ffiffiffiffiffi
s0

p
denotes

the complex pole in the second Riemann sheet, with its
value fixed at

ffiffiffiffiffi
s0

p ¼ ð1520 − iΓΛð1520Þ=2Þ MeV. GII
iiðsÞ is

the analytic continuation of the loop function, which reads

GII
iiðsÞ ¼

(
GiiðsÞ; Re½ ffiffiffi

s
p � < ðmi þMiÞ;

GII
iiðsÞ; Re½ ffiffiffi

s
p � ≥ ðmi þMiÞ;

ð30Þ

where GiiðsÞ is given in Eq. (8) and

GII
iiðsÞ ¼ GiiðsÞ þ i

2Mi

4π
ffiffiffi
s

p jq⃗j2liiþ1

jq⃗j2liion

: ð31Þ

The weights corresponding to channels πΣ�, KΞ�, K̄N
and πΣ are obtained from Eq. (29) as XπΣ� ¼ 0.13,
XKΞ� ¼ 0.00, XK̄N ¼ 0.48 and XπΣ ¼ 0.24, respectively.
We find that the K̄N component plays a dominant role among
all meson-baryon channels. Summing over all Xi yields
1 − Z ¼ 0.85, which points to a pronounced meson-baryon
component in the Λð1520Þ resonance, with the admixture of
other genuine states constrained to less than 15%.

IV. CONCLUSIONS

In this work, we investigated the radiative decays
Λð1520Þ → γΛðΣ0Þ using the chiral unitary coupled-channel
approach. We have considered the combination of S- and
D-wave coupling channels. The S- and D-wave Feynman
diagrams are evaluated using the dimensional regulariza-
tion and cutoff schemes, respectively. Furthermore, our
results indicate a significant D-wave contribution, which
dominates over the S-wave in the decay ΓðΛð1520Þ → γΛÞ,
while in the decay ΓðΛð1520Þ → γΣ0Þ, its contribution is
comparable to that of the S-wave. Interestingly, the chiral
unitary approach can only explain the BESIII data of the
ΓðΛð1520Þ → γΣ0Þ, but not the ΓðΛð1520Þ → γΛÞ, which
is much smaller than the CLAS experimental value [20].
On the other hand, we found that the data of the
ΓðΛð1520Þ → γΛÞ can be well-described by the nonrela-
tivistic quark model [11] and the chiral quark model [8].
Further studies are required to clarify the internal structure

of Λð1520Þ. Future directions include: (i) Constructing
mixed wave functions incorporating both three-quark and
meson-baryon components; (ii) Studying strong and semi-
leptonic decays of Λð1520Þ to constrain its component
composition; (iii) Awaiting more precise experimental mea-
surements of ΓðΛð1520Þ → γΛÞ from BESIII and JLab to
resolve the current theory-experiment tension.
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