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The semileptonic decays and two-body nonleptonic decays of a light baryon octet (T8) and a decuplet (T10)
consisting of lightu,d, s quarks are studiedwith the SU(3) flavor symmetry.Weobtain the amplitude relations
between different decaymodes by the SU(3) irreducible representation approach, andwe then predict relevant
branching ratios by presenting experimental datawithin 1σ error.We find that the predictions for all branching
ratios except BðΞ → Λ0πÞ and BðΞ� → ΞπÞ are in good agreement with present experimental data, which
implies that the neglected Cþ terms or SU(3) breaking effects might contribute on the order of a few percent
in Ξ → Λ0π and Ξ� → Ξπ weak decays. We predict that BðΞ− → Σ0μ−ν̄μÞ ¼ ð1.13� 0.08Þ × 10−6,

BðΞ− → Λ0μ−ν̄μÞ ¼ ð1.58� 0.04Þ × 10−4, BðΩ− → Ξ0μ−ν̄μÞ ¼ ð3.7� 1.8Þ × 10−3, BðΣ− → Σ0e−ν̄eÞ ¼
ð1.35� 0.28Þ × 10−10, and BðΞ− → Ξ0e−ν̄eÞ ¼ ð4.2� 2.4Þ × 10−10. We also study T10 → T8P8 weak,
electromagnetic, or strong decays. Some of these decaymodes could be observed byBESIII, LHCb, and other
experiments in the near future. Because of the very small lifetimes ofΣ0,Ξ�0;−,Σ�0;−, andΔ0;−, the branching
ratios of these baryonweak decays are only on the order ofOð10−20 − 10−13), which is too small to be reached
in current experiments. The longitudinal branching ratios ofT8A → T8Bl−ν̄lðl ¼ μ; eÞ decays are also given.
DOI: 10.1103/PhysRevD.100.076008

I. INTRODUCTION

A lot of semileptonic decays and two-body nonleptonic
decays of light octet baryons (such as Ξ−→Σ0e−ν̄e,
Ξ−→Λ0l−ν̄l, Ξ0→Σþl−ν̄l, Λ0→pl−ν̄l, Σ− → nl−ν̄l,
Σ−→Λ0e−ν̄e, Σþ→Λ0eþνe, n→pe−ν̄e, Σþ→pπ0, Σþ →
nπþ, Σ− → nπ−, Λ0 → pπ−, Λ0 → nπ0, Ξ− → Λ0π−, and
Ξ0 → Λ0π0) and a few light decuplet baryon decays (such as
Ω− → Ξ0e−ν̄e, Ξ0π−, Ξ−π0, and Λ0K−) were measured a
long time ago by SPEC, HBC, OSPK, etc., [1]. The
sensitivity for measurements of Λ, Σ, Ξ, and Ω hyperon
decays is now in the range of 10−5–10−8 at BESIII [2–5], and
these hyperons have also been produced copiously during the

LHCb experiment [6,7]. Besides confirming information
obtained earlier by SPEC, HBC, OSPK, etc., the BESIII and
LHCb experiments will provide new information on light
baryon decays. The precise measurements of these decays
are of great importance in determining the V − A structure
and quark-flavor mixing of charged current weak inter-
actions [8–10] as well as probing the nonstandard charged
current interactions [11,12].
Theoretically, the factorization does not work well for s,

d quark decays since s, d quarks are very light and cannot
use the heavy quark expansion. There is no reliable method
to calculate these decay matrix elements at present. In the
absence of reliable calculations, the symmetry analysis can
provide very useful information about the decays. SU(3)
flavor symmetry is one of the symmetries which have
attracted a lot of attention. The SU(3) flavor symmetry
approach, which is independent of the detailed dynamics,
offers an opportunity to relate different decay modes.
Nevertheless, it cannot determine the size of the amplitudes
by itself. However, if experimental data are enough, one
may use the data to extract the SU(3) irreducible ampli-
tudes, which can be viewed as predictions based on
symmetry. There are two popular approaches to SU(3)
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flavor symmetry. One is to construct the SU(3) irreducible
representation amplitude by decomposing an effective
Hamiltonian. The other method is the topological diagram
approach, where decay amplitudes are represented by
connecting quark line flows in different ways and then
relating them through the SU(3) symmetry.
The SU(3) flavor symmetry works well in heavy hadron

decays—for instance, b-hadron decays [13–26] and c-
hadron decays [27–43]. The experimental data of some
semileptonic hyperon decays are well explained by the
Cabibbo theory [10], which assumes that the SU(3)
symmetry breaking effects are neglected. The SU(3) flavor
symmetry breaking effects are also studied in the hyperon
beta decays [44–47], where it is found that the SU(3)
symmetry breaking effects in these decays are small. In this
paper, we will systematically study T8;10 → T8l−ν̄l and
T8;10 → T8P decays using the SU(3) irreducible represen-
tation approach (IRA). We will first construct the SU(3)
irreducible representation amplitudes for different kinds
of T8 and T10 decays, second obtain the decay amplitude
relations between different decay modes, then use the

available data to extract the SU(3) irreducible amplitudes,
and finally predict the not-yet-measured modes for further
tests in experiments.
This paper is organized as follows. In Sec. II, the semi-

leptonic weak decays of the T8;10 hyperons are studied. In
Sec. III, we will explore the two-body nonleptonic decays of
hyperons which are through weak interaction, electromag-
netic, or strong interaction. Our conclusions are given
in Sec. IV.

II. SEMILEPTONIC DECAYS OF HYPERONS

The light baryons T8 (T10), which are octets (decuplets)
under the SU(3) flavor symmetry of u, d, s quarks, can be
written as

T8 ¼

0
BBB@

Λ0ffiffi
6

p þ Σ0ffiffi
2

p Σþ p

Σ− Λ0ffiffi
6

p − Σ0ffiffi
2

p n

Ξ− Ξ0 − 2Λ0ffiffi
6

p

1
CCCA; ð1Þ

T10 ¼
1ffiffiffi
3

p

0
BBB@
0
BBB@

ffiffiffi
3

p
Δþþ Δþ Σ�þ

Δþ Δ0 Σ�0ffiffi
2

p

Σ�þ Σ�0ffiffi
2

p Ξ�0

1
CCCA;

0
BBB@

Δþ Δ0 Σ�0ffiffi
2

p

Δ0
ffiffiffi
3

p
Δ− Σ�−

Σ�0ffiffi
2

p Σ�− Ξ�−

1
CCCA;

0
BBB@

Σ�þ Σ�0ffiffi
2

p Ξ�0

Σ�0ffiffi
2

p Σ�− Ξ�−

Ξ�− Ξ�− ffiffiffi
3

p
Ω−

1
CCCA
1
CCCA: ð2Þ

In this section, we focus on ΔS ¼ 0 and ΔS ¼ 1 semi-
leptonic decays of hyperons, which decay through
d→ue−ν̄e and s → ul−ν̄l transitions, respectively. Since
ΔS ¼ 2 semileptonic decays are forbidden, we will not
study them in this work.

A. T8A → T8Bl− ν̄l semileptonic decays

1. Theoretical framework

In the Standard Model (SM), the Feynman diagram
for T8A → T8Bl−ν̄l decays is shown in Fig. 1, and the
amplitudes of T8A → T8Bl−ν̄l can be written as [48]

AðT8A → T8Bl−ν̄lÞ

¼
X

λW;λ0W¼�1;0;t

GF

2
ffiffiffi
2

p HλBλW ūlγβð1 − γ5Þvνϵ�βðλ0WÞgλWλ0W
;

ð3Þ
where GF is the Fermi constant, λB and λW are the helicity
components of the T8B baryon and the virtual W boson in
the T8A rest frame, λ0W is the helicity component of the
virtual W boson in the lνl rest frame, ūl and vν are Dirac
spinors, and ϵ�βðλ0WÞ are the polarization vectors ofW in the
lνl rest frame. The helicity amplitudes HλBλW are

HλBλW ¼ HV
λBλW

−HA
λBλW

;

HVðAÞ
λBλW

¼ hT8BjJVðAÞμ jT8AiϵμðλWÞ; ð4Þ

where JVðAÞμ is the vector (axial vector) current, and
ϵμðλWÞ are the polarization vectors of W in the T8A
rest frame.

FIG. 1. Feynman diagram for semileptonic weak decays
T8;10 → T8lν̄l.
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In terms of the SU(3) IRA, the vector (axial vector)

helicity amplitudes HVðAÞ
λBλW

can be parametrized as

HVðAÞ
λBλW

¼ an1Hk
nðT8Þ½ij�nðT8Þ½ij�k þ an2Hk

nðT8Þ½ij�nðT8Þ½ik�j
þ an3Hk

nðT8Þ½in�jðT8Þ½ij�k þ an4Hk
nðT8Þ½in�jðT8Þ½ik�j

þ an5Hk
nðT8Þ½in�jðT8Þ½kj�i; ð5Þ

where Hk
n ¼ Vqkqn is the Cabibbo-Kobayashi-Maskawa

(CKM) matrix element, ani ≡ ðaniÞVðAÞλBλW
ðq2Þ are the non-

perturbative coefficients, and n ¼ 2ð3Þ for qn ¼ dðsÞ.
The SU(3) IRA helicity amplitudes HVðAÞ

λBλW
of T8A →

T8Bl−ν̄l decays are listed in the second column of
Table I. And the helicity amplitudes can be simplified
by the redefinitions

An1 ¼ an1 þ an2 þ an3 þ an5;

An2 ¼ an4 − an5: ð6Þ

For convenience, we set Ā22 ¼ A21 − A22 to replace A22

for the d → ul−ν̄l transition. The reparametrization
results are given in the last column of Table I, in which
we can easily see the helicity amplitude relations between
different decay modes.
In addition, the helicity amplitudes can also be written in

terms of the T8A → T8B form factors

HV
1
2
0
¼

ffiffiffiffiffiffiffi
Q−

p ffiffiffiffiffi
q2

p ½ðmA þmBÞf1ðq2Þ − q2f2ðq2Þ�;

HA
1
2
0
¼

ffiffiffiffiffiffiffi
Qþ

p ffiffiffiffiffi
q2

p ½ðmA −mBÞg1ðq2Þ þ q2g2ðq2Þ�;

HV
1
2
1
¼

ffiffiffiffiffiffiffiffiffi
2Q−

p
½−f1ðq2Þ þ ðmA þmBÞf2ðq2Þ�;

HA
1
2
1
¼ ffiffiffiffiffiffiffiffiffi

2Qþ
p ½−g1ðq2Þ − ðmA −mBÞg2ðq2Þ�;

HV
1
2
t
¼

ffiffiffiffiffiffiffi
Qþ

p ffiffiffiffiffi
q2

p ½ðmA −mBÞf1ðq2Þ þ q2f3ðq2Þ�;

HA
1
2
t
¼

ffiffiffiffiffiffiffi
Q−

p ffiffiffiffiffi
q2

p ½ðmA þmBÞg1ðq2Þ − q2g3ðq2Þ�; ð7Þ

where mA;B is the mass of T8A;8B, the momentum transfer
q ¼ pA − pB, Q� ¼ ðmA �mBÞ2 − q2 with m2

l ≤ q2 ≤
ðm2

A −m2
BÞ, and the form factors fiðq2Þ and giðq2Þ are

defined as [26]

hT8BðpB; λBÞjc̄γμbjT8AðpA; λAÞi
¼ ūBðpB; λBÞ½f1ðq2Þγμ þ if2ðq2Þσμνqν
þ f3ðq2Þqμ�uAðpA; λAÞ;

hT8BðpB; λBÞjc̄γμγ5bjT8AðpA; λAÞi
¼ ūBðpB; λBÞ½g1ðq2Þγμ þ ig2ðq2Þσμνqν
þ g3ðq2Þqμ�γ5uAðpA; λAÞ: ð8Þ

Either from parity or from explicit calculation, we have
the relations HV

−λ2−λ1 ¼ HV
λ2λ1

, HA
−λ2−λ1 ¼ −HA

λ2λ1
. Note that

TABLE I. The helicity amplitudes HVðAÞ
λBλW

of T8A → T8Bl−ν̄l decays.

HVðAÞ
λBλW

SU(3) IRA amplitudes Reparametrization

s → ul−ν̄l∶ffiffiffi
2

p
HðΞ− → Σ0l−ν̄lÞ −ða31 þ a32 þ a33 þ a35Þ −A31ffiffiffi

6
p

HðΞ− → Λ0l−ν̄lÞ a31 þ a32 þ a33 þ 2a34 − a35 A31 þ 2A32

HðΞ0 → Σþl−ν̄lÞ a31 þ a32 þ a33 þ a35 A31ffiffiffi
6

p
HðΛ0 → pl−ν̄lÞ −ð2a31 þ 2a32 þ 2a33 þ a34 þ a35Þ −ð2A31 þ A32Þffiffiffi

2
p

HðΣ0 → pl−ν̄lÞ a34 − a35 A32

HðΣ− → nl−ν̄lÞ −ða34 − a35Þ −A32

d → ue−ν̄e∶ffiffiffi
2

p
HðΣ− → Σ0e−ν̄eÞ −ða21 þ a22 þ a23 þ a24Þ −ð2A21 − Ā22Þffiffiffi

6
p

HðΣ− → Λ0e−ν̄eÞ a21 þ a22 þ a23 − a24 þ 2a22 Ā22ffiffiffi
2

p
HðΣ0 → Σþe−ν̄eÞ a21 þ a22 þ a23 þ a24 2A21 − Ā22ffiffiffi

6
p

HðΣþ → Λ0eþνeÞ a21 þ a22 þ a23 − a24 þ 2a22 Ā22

HðΞ− → Ξ0e−ν̄eÞ −a22 Ā22 − A21

Hðn → pe−ν̄eÞ a21 þ a22 þ a23 þ a22 A21
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Eq. (7) will be used to obtain more precise predictions in
the following S2 case.
Then the differential branching ratios of T8A → T8Bl−ν̄l

decays can be written using the helicity amplitudes

dBðT8A → T8Bl−ν̄lÞ
dq2

¼ G2
FjVuqn j2τAjp⃗Bjq2

192π3m2
A

�
1 −

m2
l

q2

�
2

×

�
B1 þ

m2
l

2q2
B2

�
; ð9Þ

with

B1 ¼ jH1
2
0j2 þ jH−1

2
0j2 þ jH2

1
2
1
j2 þ jH−1

2
−1j2;

B2 ¼ jH1
2
0j2 þ jH−1

2
0j2 þ jH1

2
1j2 þ jH−1

2
−1j2

þ 3ðjH1
2
tj2 þ jH−1

2
tj2Þ: ð10Þ

The differential longitudinal branching ratios dBLðT8A →
T8Bl−ν̄lÞ=dq2 can be obtained from dBðT8A → T8Bl−ν̄lÞ=
dq2 by setting jH2

1
2
1
j2¼jH−1

2
−1j2¼0 in Eqs. (9) and (10).

2. Input parameters

The theoretical input parameters and the experimental
data within the 1σ error from Particle Data Group [1] will
be used in our numerical results. And two cases will be
considered in our analysis:

S1.—In the limit of ml ¼ 0, we neglect the B2

term in Eq. (9) as in Ref. [37] and treat SU(3) flavor

parameters ðaniÞVðAÞλBλW
ðq2Þ as constants without the q2

dependence; i.e., B1 in Eq. (9) is constant. For
simplification, the helicity information of λB and λW
in B1 is ignored in this case. Then there are three
parameters:

A31; A32e
iδA32 for the s → ul−ν̄ltransition;

A21; Ā22e
iδĀ22 for the d → ue−ν̄etransition: ð11Þ

Note that A31, A32, A21, and Ā22 could be complex, and
we setA31ðA21Þ as real and add relative phase δA32

ðδĀ22
Þ

associated with A32ðĀ22Þ in this work. From the
amplitude relations between different decay modes
given in the last column of Table I, we take B1 ¼
A2
31 for the Ξ− → Σ0l−ν̄l decays, B1 ¼ jA31 þ

2A32e
iδA32 j2 for the Ξ− → Λ0l−ν̄l decays, and B1 ¼

j2A31 þ A32e
iδA32 j2 for the Λ0 → pl−ν̄l decays; B1 for

the other decays is similar.
S2.—In order to obtain more precise predictions, we use
the helicity amplitudes in Eq. (7). The form factors for
the hyperon semileptonic decays are calculated in
various approaches—for example, quark and soliton
models, the 1=Nc expansion of QCD, lattice QCD,
chiral perturbation theory, etc., [46,49–59]. In this
case, we choose the dipole behavior for the form factors
as [44,56]

Fiðq2Þ ¼
Fið0Þ

ð1 − q2=M2Þ2 ; ð12Þ

where M ¼ 0.97ð1.25Þ GeV for the vector (axial vec-
tor) form factors fi (gi) in the s → ul−ν̄l decays, and
M ¼ 0.84� 0.04ð1.08� 0.08Þ GeV for fi (gi) in the
d → ue−ν̄e decays. For the form factor ratios
g1ð0Þ=f1ð0Þ and f2ð0Þ=f1ð0Þ, they are preferentially
taken from experimental measurements. If no relevant
experimental measurements are available, they will be
taken from Cabibbo theory [56]. The form factor ratios
in Table II will be used in our results. As a result, the
branching ratios depend only on the form factor f1ð0Þ
and the CKM matrix elemant Vuqn . Then these three
parameters become

TABLE II. The form factor ratios g1ð0Þ=f1ð0Þ and f2ð0Þ=f1ð0Þ come from PDG2018 [1] unless otherwise specified.

Decay modes g1ð0Þ=f1ð0Þ f2ð0Þ=f1ð0Þ
Ξ− → Σ0l−ν̄l 1.22� 0.05a 2.609b

Ξ− → Λ0l−ν̄l 0.25� 0.05 0.085b

Ξ0 → Σþl−ν̄l 1.22� 0.05 2.0� 0.9
Λ0 → pl−ν̄l 0.718� 0.015 1.066b

Σ0 → pl−ν̄l −0.340� 0.017a −1.292b

Σ− → nl−ν̄l −0.340� 0.017 −0.97� 0.14

Σ− → Σ0e−ν̄e 1
2
½ð1.2724� 0.0023Þ þ ð−0.340� 0.017Þ�a 0.534b

Σ− → Λ0e−ν̄e ð−0.01� 0.10Þ−1 1.490b

Σ0 → Σþe−ν̄e − 1
2
½ð1.2724� 0.0023Þ þ ð−0.340� 0.017Þ�a 0.531b

Σþ → Λ0eþνe ð−0.01� 0.10Þ−1a 1.490b

Ξ− → Ξ0e−ν̄e −0.340� 0.017a −1.432b

n → pe−ν̄e 1.2724� 0.0023 1.855b

aValueswere obtained from theSU(3) flavor parametrizationF andD given inRefs. [44,56] and themeasured form factor ratios inRef. [1].
bValues were taken from Cabibbo theory [56].
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A0
31; A

0
32e

iδA0
32 for the s → ul−ν̄ltransition;

A0
21; Ā

0
22e

iδĀ0
22 for the d → ue−ν̄etransition; ð13Þ

where A0
ni contains f1ð0Þ but without the q2 depend-

ence, and the parametric relations of the helicity
amplitudes by A0

ni are similar to the ones by Ani listed
in the last column of Table I. For example, we take

f1ð0Þ ¼ jA0
31j for the Ξ− → Σ0l−ν̄l decays, f1ð0Þ ¼

jA0
31 þ 2A0

32e
iδA0

32 j for the Ξ− → Λ0l−ν̄l decays, and

f1ð0Þ ¼ j − ð2A0
31 þ A0

32e
iδA0

32 Þj for the Λ0 → pl−ν̄l
decays.

3. Numerical results

The results of the 12 s → ul−ν̄l decay modes are as
follows:
(a) In the S1 case, first, we use the experimental measure-

ments of BðΞ0 → Σþe−ν̄eÞ and BðΣ− → ne−ν̄eÞ to
obtain A31 and A32, second, we use the data of BðΛ0 →
pe−ν̄eÞ to constrain δA32

, which varies in the region
½−180°; 180°�, and then we give the predictions of
relevant branching ratios. We get A31 ¼ 5.87� 0.21,
A32 ¼ 2.57� 0.06, and jδA32

j ≤ 155.90°, and the pre-
dictions are listed in the second column of Table III. One
can see that when the branching ratio predictions satisfy
the data of BðΞ0 → Σþe−ν̄eÞ, BðΣ− → ne−ν̄eÞ, and
BðΛ0 → pe−ν̄eÞ, the predictions of BðΞ− → Λ0e−ν̄eÞ
and BðΞ− → Λ0μ−ν̄μÞ obviously deviate from their
experimental data.

(b) In the S2 case, we consider the q2 dependence of the
form factors and use all relevant experimental data to
constrain the parameters A0

31, A
0
32, and δA0

32
. We get

A0
31 ¼ 1.04� 0.04,A0

32¼0.98�0.03, and jδA0
32
j ≤ 28°,

and the branching ratio predictions are given in the third
column of Table III. We can see that the experimental
data of BðΞ− → Λ0e−ν̄e;Ξ0 → Σþe−ν̄e;Λ0 → pe−ν̄e;
Σ− → ne−ν̄e;Σ− → nμ−ν̄μÞ give the finally effective
constraints on the relevant parameters, and the SU(3)
IRA predictions in the S2 case are quite consistent
with the present data within 1σ error. We predict that
BðΞ− → Σ0μ−ν̄μÞ is on the 10−6 order of magnitude,
which is promised to be observed by the BESIII and
LHCb experiments.
The results of the six d → ue−ν̄e decay modes are as

follows:
(c) Three branching ratios, BðΣ− → Λ0e−ν̄eÞ, BðΣþ →

Λ0eþνeÞ, and Bðn → pe−ν̄eÞ, are precisely measured

which can be used to constrain on Að0Þ
21 and Āð0Þ

22 but
not on the relative phase δ

Āð0Þ
22

, so we have quite large

errors in the predictions of BðΣ− → Σ0e−ν̄e;Σ0 →
Σþe−ν̄e;Ξ− → Ξ0e−ν̄eÞ. We obtain A21 ¼
4.61� 0.01 and Ā22 ¼ 5.85� 0.16 in the S1 case
as well as A0

21 ¼ 4.50� 0.02 and Ā0
22 ¼ 0.36� 0.36

in the S2 case. The predictions for BðΣ− → Σ0e−ν̄e;
Σ0 → Σþe−ν̄e;Ξ− → Ξ0e−ν̄eÞ in the S2 case are ob-
viously different than that in the S1 case. We predict
that BðΣ− → Σ0e−ν̄e;Ξ− → Ξ0e−ν̄eÞ are on the order
of 10−10 in the S2 case, which should be tested in the
future experiments.

TABLE III. The experimental data and the SM predictions with the �1σ error bar of branching ratios of T8A → T8Blνl.

Observables Experimental Data [1] Br − S1 Br − S2 BrL − S2

BðΞ− → Σ0e−ν̄eÞð×10−5Þ 8.7� 1.7 8.12� 0.60 8.27� 0.58 5.23� 0.35
BðΞ− → Λ0e−ν̄eÞð×10−4Þ 5.63� 0.31 1.21� 0.71 5.47� 0.15a 4.94� 0.14
BðΞ0 → Σþe−ν̄eÞð×10−4Þ 2.52� 0.08 2.52� 0.08a 2.52� 0.08a 1.60� 0.06
BðΛ0 → pe−ν̄eÞð×10−4Þ 8.32� 0.14 8.32� 0.14a 8.32� 0.14a 6.05� 0.13
BðΣ0 → pe−ν̄eÞð×10−13Þ � � � 2.41� 0.32 2.46� 0.32 2.01� 0.26
BðΣ− → ne−ν̄eÞð×10−3Þ 1.017� 0.034 1.017� 0.034a 1.013� 0.030a 0.851� 0.034

BðΞ− → Σ0μ−ν̄μÞð×10−6Þ ≤ 800 1.08� 0.09 1.13� 0.08 0.57� 0.04
BðΞ− → Λ0μ−ν̄μÞð×10−4Þ 3.5þ3.5

−2.2 0.33� 0.19 1.58� 0.04 1.41� 0.04
BðΞ0 → Σþμ−ν̄μÞð×10−6Þ 2.33� 0.35 2.14� 0.14 2.18� 0.1 1.09� 0.08
BðΛ0 → pμ−ν̄μÞð×10−4Þ 1.57� 0.35 1.35� 0.02 1.40� 0.02 0.94� 0.02
BðΣ0 → pμ−ν̄μÞð×10−13Þ � � � 1.05� 0.14 1.13� 0.15 0.92� 0.12
BðΣ− → nμ−ν̄μÞð×10−4Þ 4.5� 0.4 4.53� 0.15 4.76� 0.14a 3.99� 0.17

BðΣ− → Σ0e−ν̄eÞð×10−10Þ � � � 4.36� 4.01b 1.35� 0.28b 1.11� 0.23b

BðΣ− → Λ0e−ν̄eÞð×10−5Þ 5.73� 0.27 5.73� 0.27a 5.73� 0.27a 3.18� 0.15
BðΣ0 → Σþe−ν̄eÞð×10−20Þ � � � 3.41� 3.20b 0.97� 0.35b 0.80� 0.28b

BðΣþ → Λ0eþνeÞð×10−5Þ 2.0� 0.5 1.88� 0.11 1.86� 0.11 1.04� 0.06
BðΞ− → Ξ0e−ν̄eÞð×10−9Þ ≤ 2.3 × 106 2.57� 2.53b 0.42� 0.24b 0.37� 0.21b

Bðn → pe−ν̄eÞ 100% 100%a 100%a ð58.38� 0.03Þ%
aExperimental data giving the final effective constraints on the parameters.
bPredictions depending on the relative phase, which is not constrained well with the present data.
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The longitudinal branching ratios of the T8A →
T8Bl−ν̄l decays are also predicted in the S2 case, and
they are listed in the last column of Table III. Note that
the lifetime of Σ0 is very small, so the relevant decay
branching ratios are also very small, and the same things
happen in the later Ξ�0;−, Σ�0;−, and Δ0;− semileptonic
decays.

B. T10 → T8l− ν̄l semileptonic decays

The Feynman diagram for the T10 → T8l−ν̄l decays is
also shown in Fig. 1. Similar to the T8A → T8Bl−ν̄l
semileptonic decays, the SU(3) IRA helicity ampli-

tudes HVðAÞ
λBλW

for T10 → T8l−ν̄l decays can be parame-
trized as

HVðAÞ;IRA
λBλW

¼ bn1Hk
nðT10ÞnijðT8Þ½ik�j; ð14Þ

where bn1 ≡ ðbn1ÞVðAÞλBλW
ðq2Þ, and where Hk

n has been

defined below Eq. (5). The helicity amplitudes HVðAÞ
λBλW

for different T10 → T8l−ν̄l decays are given in Table IV.
And the differential branching ratios of T10A → T8Bl−ν̄l
decays can be written as

dBðT10A → T8Bl−ν̄lÞ
dq2

¼ G2
FjVuqn j2τAjp⃗Bjq2

384π3m2
A

�
1−

m2
l

q2

�
2
�
B0
1 þ

m2
l

2q2
B0
2

�
; ð15Þ

with

B0
1 ¼ jH1

2
0j2 þ jH−1

2
0j2 þ jH1

2
1j2 þ jH−1

2
1j2

þ jH−1
2
−1j2 þ jH1

2
−1j2;

B0
2 ¼ jH1

2
0j2 þ jH−1

2
0j2 þ jH1

2
1j2 þ jH−1

2
1j2

þ jH−1
2
−1j2 þ jH1

2
−1j2 þ 3ðjH1

2
tj2 þ jH−1

2
tj2Þ: ð16Þ

The S1 case given in Sec. II A will be considered in the
T10 → T8l−ν̄l semileptonic decays, where the SUð3Þf
parameters ðbn1ÞVðAÞλBλW

ðq2Þ are treated as constant without
q2 dependence. The only parameters are b31 for the s →
ul−ν̄l transition and b21 for the d → ue−ν̄e transition,
respectively.
For the s → ul−ν̄l transition, only BðΩ− → Ξ0e−ν̄eÞ has

been measured. The experimental datum is listed in the
second column of Table V. We use BðΩ− → Ξ0e−ν̄eÞ to
constrain b31, then give the predictions for other relevant
decay branching ratios. The results are given in the third
column of Table V. We obtain BðΩ− → Ξ0μ−ν̄μÞ ¼
ð3.7� 1.8Þ × 10−3, which promises to be measured by
BESIII and LHCb. For the d → ue−ν̄e transition, no decay
mode has been measured yet. We use HðΩ− → Ξ0e−ν̄eÞ ¼
HðΔ− → ne−ν̄eÞ by the U-spin symmetry, i.e., b21 ¼ −b31,
to predict the branching ratios of the d → ue−ν̄e transition,
which are listed in the third column of Table V, too.
In Table V, all branching ratios except for BðΩ− →
Ξ0e−ν̄e;Ξ0μ−ν̄μÞ are in the range of 10−16 to 10−15 since
the lifetimes of the Ξ�0;−, Σ�0;−, and Δ0;− baryons are
very small.

TABLE IV. The helicity amplitudes HVðAÞ
λBλW

of the T10 →
T8l−ν̄l decays.

HVðAÞ
λBλW

SU(3) IRA amplitudes

s → ul − ν̄l∶
HðΩ− → Ξ0l−ν̄lÞ b31
3

ffiffiffi
2

p
HðΞ�− → Λ0l−ν̄lÞ 3b31ffiffiffi

6
p

HðΞ�− → Σ0l−ν̄lÞ b31ffiffiffi
3

p
HðΞ�0 → Σþl−ν̄lÞ b31ffiffiffi

3
p

HðΣ�− → nl−ν̄lÞ −b31ffiffiffi
6

p
HðΣ�0 → pl−ν̄lÞ −b31

d → ue−ν̄e∶ffiffiffi
3

p
HðΞ�− → Ξ0e−ν̄eÞ b21

2
ffiffiffi
3

p
HðΣ�− → Λ0e−ν̄eÞ 3b21ffiffiffi

6
p

HðΣ�− → Σ0e−ν̄eÞ b21ffiffiffi
6

p
HðΣ�0 → ΣþeþνeÞ b21

HðΔ− → ne−ν̄eÞ −b21ffiffiffi
3

p
HðΔ0 → pe−ν̄eÞ −b21

TABLE V. The experimental data and the SU(3) IRA predic-
tions with the �1σ error bar of BðT10 → T8l−ν̄lÞ.
Observables Experimental Data[1] S1

BðΩ− → Ξ0e−ν̄eÞð×10−3Þ 5.6� 2.8 5.6� 2.8a

BðΞ�− → Λ0e−ν̄eÞð×10−15Þ � � � 6.6� 4.1
BðΞ�− → Σ0e−ν̄eÞð×10−15Þ � � � 2.2� 1.4
BðΞ�0 → Σþe−ν̄eÞð×10−15Þ � � � 1.6� 0.9
BðΣ�− → ne−ν̄eÞð×10−15Þ � � � 1.6� 0.9
BðΣ�0 → pe−ν̄eÞð×10−16Þ � � � 9.3� 5.5

BðΩ− → Ξ0μ−ν̄μÞð×10−3Þ � � � 3.7� 1.8
BðΞ�− → Λ0μ−ν̄μÞð×10−15Þ � � � 4.9� 3.0

BðΞ�− → Σ0μ−ν̄μÞð×10−15Þ � � � 1.6� 1.0

BðΞ�0 → Σþμ−ν̄μÞð×10−15Þ � � � 1.0� 0.5

BðΣ�− → nμ−ν̄μÞð×10−15Þ � � � 1.2� 0.7
BðΣ�0 → pμ−ν̄μÞð×10−16Þ � � � 7.1� 4.2

BðΞ�− → Ξ0e−ν̄eÞð×10−15Þ � � � 3.6� 2.2
BðΣ�− → Λ0e−ν̄eÞð×10−15Þ � � � 6.2� 3.3
BðΣ�− → Σ0e−ν̄eÞð×10−16Þ � � � 2.7� 1.4
BðΣ�0 → Σþe−ν̄eÞð×10−16Þ � � � 3.1� 1.8
BðΔ− → ne−ν̄eÞð×10−15Þ � � � 4.9� 2.6
BðΔ0 → pe−ν̄eÞð×10−15Þ � � � 1.7� 0.9

aExperimental data giving the final effective constraints on the
parameters.
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III. NONLEPTONIC TWO-BODY DECAYS OF
LIGHT BARYONS

In this section, we discuss the two-body nonleptonic
decays of the light baryons T8;10 → T8M8, where M8 are
light pseudoscalar P and vector V meson octets under the
SU(3) flavor symmetry of u, d, s quarks:

P8 ¼

0
BBB@

η8ffiffi
6

p þ π0ffiffi
2

p πþ Kþ

π− η8ffiffi
6

p − π0ffiffi
2

p K0

K− K̄0 −
ffiffi
2
3

q
η8

1
CCCA; ð17Þ

V8 ¼

0
BBB@

ω8ffiffi
6

p þ ρ0ffiffi
2

p ρþ K�þ

ρ− ω8ffiffi
6

p − ρ0ffiffi
2

p K�0

K�− K̄�0 −
ffiffi
2
3

q
ω8

1
CCCA: ð18Þ

A. Weak decays of light baryons

In the SM, as shown in Fig. 2, there are two kinds of
diagrams for the nonleptonic s quark decays, the tree-level
diagram in Fig. 2(a) and the penguin diagram in Fig. 2(b).
The effective Hamiltonian for the nonleptonic s quark
decays at scales μ < mc can be written as [60]

Heff ¼
GFffiffiffi
2

p VudV�
us

X10
i¼1

�
ziðμÞ−

VtdV�
ts

VudV�
us
yiðμÞ

�
QiðμÞ; ð19Þ

where Vuq is the CKM matrix element, and ziðμÞ and yiðμÞ
are the Wilson coefficients. The four-quark operatorsQi are

Q1 ¼ ðd̄αuβÞV−AðūβsαÞV−A;
Q2 ¼ ðd̄uÞV−AðūsÞV−A;

Q3;5 ¼ ðd̄sÞV−A
X

q¼u;d;s

ðq̄qÞV∓A;

Q4;6 ¼ ðd̄βsαÞV−A
X

q¼u;d;s

ðq̄αqβÞV∓A;

Q7;9 ¼
3

2
ðd̄sÞV−A

X
q¼u;d;s

eqðq̄qÞV�A;

Q8;10 ¼
3

2
ðd̄βsαÞV−A

X
q¼u;d;s

eqðq̄αqβÞV�A; ð20Þ

where Q1;2 are current-current operators corresponding to
Fig. 2(a), Q3–6 (Q7–10) are QCD (electroweak) penguin
operators corresponding to Fig. 2(b). In Eq. (19), the
magnetic penguin operators are ignored since their con-
tributions are small. CiðμÞ≡ ziðμÞ − VtdV�

ts
VudV�

us
yiðμÞ at μ ¼

1 GeV on Λð4Þ
MS

in the naive dimensional regularization
scheme are [60]

C1 ¼ −0.625; C2 ¼ 1.361; C3 ¼ 0.023;

C4 ¼ −0.058; C5 ¼ 0.009; C6 ¼ −0.059;

C7=αe ¼ 0.021; C8=αe ¼ 0.027;

C9=αe ¼ 0.036; C10=αe ¼ −0.015: ð21Þ

Compared with tree-level contributions related to C1;2, the
penguin contributions are suppressed by smaller Wilson
coefficients C3;…;10 and can be ignored in these decays.
The four-quark operators Qi can be rewritten as

ðq̄iqkÞðq̄jsÞ, with qi ¼ ðu; dÞ given as the doublet of 2
under SU(2) symmetry by omitting the Lorentz-
Dirac structure. Since ðq̄iqkÞðq̄jsÞ can be decomposed as
the irreducible representations (IR) of ð2̄ ⊗ 2 ⊗ 2̄Þs ¼
ð2̄p ⊕ 2̄t ⊕ 4Þs, one may obtain

(a) (b)

FIG. 2. Feynman diagrams for the s quark decays in the SM.
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Oð2̄pÞ2 ¼ ðūuÞðd̄sÞ þ ðd̄dÞðd̄sÞ;
Oð2̄tÞ2 ¼ ðd̄uÞðūsÞ þ ðd̄dÞðd̄sÞ;

Oð4Þ112 ¼
1

3
ðūuÞðd̄sÞ − 1

3
ðd̄dÞðd̄sÞ þ 1

3
ðd̄uÞðūsÞ; ð22Þ

and we have the relation Oð4Þ121 ¼ −Oð4Þ222 ¼ Oð4Þ112
using the traceless condition. Then Q1;2, Q3–6, and Q7;10

can be transformed under SU(2) symmetry as 2̄p ⊕ 2̄t ⊕ 4,
2̄p=2̄t and 2̄p ⊕ 2̄t ⊕ 4, respectively,

Q1 ¼ Oð4Þ112 þ
2

3
Oð2̄pÞ2 −

1

3
Oð2̄tÞ2;

Q2 ¼ Oð4Þ112 −
1

3
Oð2̄pÞ2 þ

2

3
Oð2̄tÞ2;

Q3 ¼ Oð2̄pÞ2; Q4 ¼ Oð2̄tÞ2;
Q5 ¼ O0ð2̄pÞ2; Q6 ¼ O0ð2̄tÞ2;

Q7 ¼
3

2
O0ð4Þ112 þ

1

2
O0ð2̄pÞ2 −

1

2
O0ð2̄tÞ2;

Q8 ¼
3

2
O0ð4Þ112 −

1

2
O0ð2̄pÞ2 þ

1

2
O0ð2̄tÞ2;

Q9 ¼
3

2
Oð4Þ112 þ

1

2
Oð2̄pÞ2 −

1

2
Oð2̄tÞ2;

Q10 ¼
3

2
Oð4Þ112 −

1

2
Oð2̄pÞ2 þ

1

2
Oð2̄tÞ2; ð23Þ

where O0ð2̄pÞ2, O0ð2̄tÞ2, and O0ð4Þ112 are operators related
to Q5;6;7;8, which have the same SU(3) structure as
Oð2̄pÞ2, Oð2̄tÞ2, and Oð4Þ112 but different Lorentz-Dirac
structures.
By using the bases of the SU(2) symmetry, the effective

Hamiltonian in Eq. (19) can be transformed as

HIR
eff ¼

GFffiffiffi
2

p VudV�
us½C̄4Oð4Þ112 þ C̄2̄p

Oð2̄pÞ2 þ C̄2̄t
Oð2̄tÞ2

þ C̄0
4O

0ð4Þ112 þ C̄0̄
2p
O0ð2̄pÞ2 þ C̄0̄

2t
O0ð2̄tÞ2�; ð24Þ

with

C̄4 ¼ C1 þ C2 þ
3

2
ðC9 þ C10Þ;

C̄2̄p
¼ 2

3
C1 −

1

3
C2 þ C3 þ

1

2
ðC9 − C10Þ;

C̄2̄t
¼ −

1

3
C1 þ

2

3
C2 þ C4 −

1

2
ðC9 − C10Þ;

C̄0
4 ¼

3

2
ðC7 þ C8Þ;

C̄0̄
2p

¼ C5 þ
1

2
ðC7 − C8Þ;

C̄0̄
2t
¼ C6 −

1

2
ðC7 − C8Þ: ð25Þ

From Eq. (21), one can see that the contributions
from current-current operators related to C1;2 are much
larger than others related to C3;…;10. So we will con-
sider only current-current operator contributions in the
following analysis. After neglecting C3;…;10, the effective
Hamiltonian in Eq. (24) can be rewritten as

HIR
eff ¼

GFffiffiffi
2

p VudV�
us

�
Cþ

�
2Hð4Þ þ 1

3
ðHð2̄tÞ þHð2̄pÞÞ

�

þ C−ðHð2̄tÞ −Hð2̄pÞÞ
�
; ð26Þ

where C� ≡ ðC2 � C1Þ=2, and where Hij
k is related to the

ðq̄iqkÞðq̄jsÞ operators. From Eq. (21), one gets C2þ=C2
−≈

13.7%, so the C− term related to Hð2̄tÞ −Hð2̄pÞ gives the
dominant contribution to the decay branching ratios. The
nonzero entries of Hij

k corresponding to current-current
operators in SU(2) flavor space are

Hð2̄pÞ2 ¼ Hð2̄tÞ2 ¼ 1; Hð4Þ121 ¼ Hð4Þ211 ¼ 1

3
: ð27Þ

Note that Hð4Þ222 ¼ − 1
3
contributes only to the penguin

operators, and we ignore it.
In Eq. (26), the 2̄ irreducible representation is a linear

combination of 2̄p;t, so we need only consider a single 2̄

when computing amplitudes from the invariants and the
reduced matrix elements [27].
The amplitudes of the T8;10 → T8M8 decays can be

written via the effective Hamiltonian in Eq. (19) as

AðT8;10 → T8M8Þ ¼ hT8M8jHeff jT8;10i: ð28Þ

These amplitudes may be divided into the S wave and
P wave amplitudes, which have been analyzed, for
instance, in heavy baryon chiral perturbation theory
[61–64], and by using a relativistic chiral unitary
approach based on coupled channels [65]. Moreover,
since HIR

eff is irreducible in SU(2) symmetry and the
initial and final state baryons (T8, T10, M8) are irre-
ducible in SU(3) symmetry, the amplitudes of T8;10 →
T8M8 can be further written as

AðT8;10 → T8M8Þ ¼ hT8M8jHIR
eff jT8;10i ¼ AðO4Þ þAðO2̄Þ:

ð29Þ

1. T8 → T8M8 weak decays

Following Ref. [38], the Feynman diagrams for
T8 → T8M8 nonleptonic s quark decays are displayed in
Fig. 3, and the SU(3) IRA amplitudes are
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AðT8→T8M8ÞIRA¼a1Hð4ÞlkmðT8Þ½ij�nðT8Þ½ij�kðM8Þml þa2Hð4ÞlkmðT8Þ½ij�nðT8Þ½ik�jðM8Þml þa3Hð4ÞlkmðT8Þ½ij�nðT8Þ½jk�iðM8Þml
þa4Hð4ÞlkmðT8Þ½in�jðT8Þ½ij�kðM8Þml þa5Hð4ÞlkmðT8Þ½in�jðT8Þ½ik�jðM8Þml þa6Hð4ÞlkmðT8Þ½in�jðT8Þ½jk�iðM8Þml
þa7Hð4ÞlkmðT8Þ½jn�iðT8Þ½ij�kðM8Þml þa8Hð4ÞlkmðT8Þ½jn�iðT8Þ½ik�jðM8Þml þa9Hð4ÞlkmðT8Þ½jn�iðT8Þ½jk�iðM8Þml
þb1Hð4ÞlkmðT8Þ½ij�nðT8Þ½il�kðM8Þmj þb2Hð4ÞlkmðT8Þ½ij�nðT8Þ½kl�iðM8Þmj þb3Hð4ÞlkmðT8Þ½ij�nðT8Þ½ki�lðM8Þmj
þb4Hð4ÞlkmðT8Þ½in�jðT8Þ½il�kðM8Þmj þb5Hð4ÞlkmðT8Þ½in�jðT8Þ½kl�iðM8Þmj þb6Hð4ÞlkmðT8Þ½in�jðT8Þ½ki�lðM8Þmj
þb7Hð4ÞlkmðT8Þ½jn�iðT8Þ½il�kðM8Þmj þb8Hð4ÞlkmðT8Þ½jn�iðT8Þ½kl�iðM8Þmj þb9Hð4ÞlkmðT8Þ½jn�iðT8Þ½ki�lðM8Þmj
þc1Hð4Þlkj ðT8Þ½ij�nðT8Þ½ki�mðM8Þml þc2Hð4Þlkj ðT8Þ½ij�nðT8Þ½km�iðM8Þml þc3Hð4Þlkj ðT8Þ½ij�nðT8Þ½im�kðM8Þml
þc4Hð4Þlkj ðT8Þ½in�jðT8Þ½ki�mðM8Þml þc5Hð4Þlkj ðT8Þ½in�jðT8Þ½km�iðM8Þml þc6Hð4Þlkj ðT8Þ½in�jðT8Þ½im�kðM8Þml
þc7Hð4Þlkj ðT8Þ½jn�iðT8Þ½ki�mðM8Þml þc8Hð4Þlkj ðT8Þ½jn�iðT8Þ½km�iðM8Þml þc9Hð4Þlkj ðT8Þ½jn�iðT8Þ½im�kðM8Þml
þd1Hð4Þlkj ðT8Þ½ij�nðT8Þ½mk�lðM8Þmi þd2Hð4Þlkj ðT8Þ½ij�nðT8Þ½ml�kðM8Þmi þd3Hð4Þlkj ðT8Þ½ij�nðT8Þ½kl�mðM8Þmi
þd4Hð4Þlkj ðT8Þ½in�jðT8Þ½mk�lðM8Þmi þd5Hð4Þlkj ðT8Þ½in�jðT8Þ½ml�kðM8Þmi þd6Hð4Þlkj ðT8Þ½in�jðT8Þ½kl�mðM8Þmi
þd7Hð4Þlkj ðT8Þ½jn�iðT8Þ½mk�lðM8Þmi þd8Hð4Þlkj ðT8Þ½jn�iðT8Þ½ml�kðM8Þmi þd9Hð4Þlkj ðT8Þ½jn�iðT8Þ½kl�mðM8Þmi
þe1Hð2̄ÞkðT8Þ½ij�nðT8Þ½ij�mðM8Þmk þe2Hð2̄ÞkðT8Þ½ij�nðT8Þ½im�jðM8Þmk þe3Hð2̄ÞkðT8Þ½ij�nðT8Þ½jm�iðM8Þmk
þe4Hð2̄ÞkðT8Þ½in�jðT8Þ½ij�mðM8Þmk þe5Hð2̄ÞkðT8Þ½in�jðT8Þ½im�jðM8Þmk þe6Hð2̄ÞkðT8Þ½in�jðT8Þ½jm�iðM8Þmk
þe7Hð2̄ÞkðT8Þ½jn�iðT8Þ½ij�mðM8Þmk þe8Hð2̄ÞkðT8Þ½jn�iðT8Þ½im�jðM8Þmk þe9Hð2̄ÞkðT8Þ½jn�iðT8Þ½jm�iðM8Þmk
þf1Hð2̄ÞkðT8Þ½ij�nðT8Þ½ki�mðM8Þmj þf2Hð2̄ÞkðT8Þ½ij�nðT8Þ½km�iðM8Þmj þf3Hð2̄ÞkðT8Þ½ij�nðT8Þ½im�kðM8Þmj
þf4Hð2̄ÞkðT8Þ½in�jðT8Þ½ki�mðM8Þmj þf5Hð2̄ÞkðT8Þ½in�jðT8Þ½km�iðM8Þmj þf6Hð2̄ÞkðT8Þ½in�jðT8Þ½im�kðM8Þmj
þf7Hð2̄ÞkðT8Þ½jn�iðT8Þ½ki�mðM8Þmj þf8Hð2̄ÞkðT8Þ½jn�iðT8Þ½km�iðM8Þmj þf9Hð2̄ÞkðT8Þ½jn�iðT8Þ½im�kðM8Þmj ;

ð30Þ

FIG. 3. Feynman diagrams of IRA for T8;10 → T8M8 nonleptonic two-body decays with qn ¼ s.

TESTING SU(3) FLAVOR SYMMETRY IN SEMILEPTONIC AND … PHYS. REV. D 100, 076008 (2019)

076008-9



where the coefficients ai, bi, ci, di, ei, fi are constants which contain the Wilson coefficients, CKM matrix elements, and
information about QCD dynamics. Using the fact that Hð4Þabc is symmetric in upper indices, bi and di terms can be
simplified as

b3 ¼ −b1; b6 ¼ −b4; b9 ¼ −b7; b2 ¼ b5 ¼ b8 ¼ 0;

d2 ¼ d1; d5 ¼ d4; d8 ¼ d7; d3 ¼ d6 ¼ d9 ¼ 0: ð31Þ

In addition, using the facts that i, j are antisymmetric in T ½ij�n
8 and that i, j indices are arbitrary in ei terms, we have

a3 ¼ −a2; a7 ¼ −a4; a8 ¼ a6; a9 ¼ a5; e3 ¼ −e2; e7 ¼ −e4; e8 ¼ e6; e9 ¼ e5: ð32Þ

Finally, Eq. (33) can be simplified as

AðT8→T8M8ÞIRA;J¼a1Hð4ÞlkmðT8Þ½ij�nðT8Þ½ij�kðM8Þml þa2Hð4ÞlkmðT8Þ½ij�nðT8Þ½ik�jðM8Þml
þa4Hð4ÞlkmðT8Þ½in�jðT8Þ½ij�kðM8Þml þa5Hð4ÞlkmðT8Þ½in�jðT8Þ½ik�jðM8Þml þa6Hð4ÞlkmðT8Þ½in�jðT8Þ½jk�iðM8Þml
þb1Hð4ÞlkmðT8Þ½ij�nðT8Þ½il�kðM8Þmj þb4Hð4ÞlkmðT8Þ½in�jðT8Þ½il�kðM8Þmj þb7Hð4ÞlkmðT8Þ½jn�iðT8Þ½il�kðM8Þmj
þc1Hð4Þlkj ðT8Þ½ij�nðT8Þ½ki�mðM8Þml þc2Hð4Þlkj ðT8Þ½ij�nðT8Þ½km�iðM8Þml þc3Hð4Þlkj ðT8Þ½ij�nðT8Þ½im�kðM8Þml
þc4Hð4Þlkj ðT8Þ½in�jðT8Þ½ki�mðM8Þml þc5Hð4Þlkj ðT8Þ½in�jðT8Þ½km�iðM8Þml þc6Hð4Þlkj ðT8Þ½in�jðT8Þ½im�kðM8Þml
þc7Hð4Þlkj ðT8Þ½jn�iðT8Þ½ki�mðM8Þml þc8Hð4Þlkj ðT8Þ½jn�iðT8Þ½km�iðM8Þml þc9Hð4Þlkj ðT8Þ½jn�iðT8Þ½im�kðM8Þml
þd1Hð4Þlkj ðT8Þ½ij�nðT8Þ½mk�lðM8Þmi þd4Hð4Þlkj ðT8Þ½in�jðT8Þ½mk�lðM8Þmi þd7Hð4Þlkj ðT8Þ½jn�iðT8Þ½mk�lðM8Þmi
þe1Hð2̄ÞkðT8Þ½ij�nðT8Þ½ij�mðM8Þmk þe2Hð2̄ÞkðT8Þ½ij�nðT8Þ½im�jðM8Þmk
þe4Hð2̄ÞkðT8Þ½in�jðT8Þ½ij�mðM8Þmk þe5Hð2̄ÞkðT8Þ½in�jðT8Þ½im�jðM8Þmk þe6Hð2̄ÞkðT8Þ½in�jðT8Þ½jm�iðM8Þmk
þf1Hð2̄ÞkðT8Þ½ij�nðT8Þ½ki�mðM8Þmj þf2Hð2̄ÞkðT8Þ½ij�nðT8Þ½km�iðM8Þmj þf3Hð2̄ÞkðT8Þ½ij�nðT8Þ½im�kðM8Þmj
þf4Hð2̄ÞkðT8Þ½in�jðT8Þ½ki�mðM8Þmj þf5Hð2̄ÞkðT8Þ½in�jðT8Þ½km�iðM8Þmj þf6Hð2̄ÞkðT8Þ½in�jðT8Þ½im�kðM8Þmj
þf7Hð2̄ÞkðT8Þ½jn�iðT8Þ½ki�mðM8Þmj þf8Hð2̄ÞkðT8Þ½jn�iðT8Þ½km�iðM8Þmj þf9Hð2̄ÞkðT8Þ½jn�iðT8Þ½im�kðM8Þmj :

ð33Þ

In Table VI, we list the IRA amplitudes of the T8 → T8P8 weak decays, which include the Hð4Þ121 , Hð4Þ222 , and Hð2̄Þ2
terms. The corresponding T8 → T8V8 weak decays have the same relations as the T8 → T8P8 weak decays. If only
considering the dominant contributions from Hð2̄Þ2 and redefining the parameters

A1 ¼ 2ðe5 þ e6Þ þ ðf4 þ f5 þ f7 þ f8Þ;
A2 ¼ 2ðe5 þ e6Þ þ ðf5 þ f6 þ f8 þ f9Þ;
A3 ¼ 2ðe5 þ e6Þ − ðf4 − f5 þ f7 − f8Þ;
A4 ¼ 4ðe1 þ e2 þ e4Þ þ 2ðe5 − e6Þ − ð2f1 þ 2f2 þ f4 þ f5 − f7 − f8Þ;
A5 ¼ 2ðe1 þ e2 þ e4 þ 2e5 þ e6Þ − ðf1 þ 2f2 þ f3Þ þ ðf7 þ 2f8 þ f9Þ; ð34Þ

the IRA amplitudes can be greatly simplified, as listed in the last column of Table VI, in which we can easily see the
relations of different decay amplitudes.
The branching ratios of T8 → T8P8 can be written as

BðT8A → T8BP8Þ ¼
τAjpcmj
8πm2

A
jAðT8A → T8BP8Þj2: ð35Þ

For more accurate results, we will consider the mass difference in the amplitudes [66]
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AðT8A → T8BP8Þ ∝
mA

mB
pcmNBNA; ð36Þ

with

pcm ¼ 1

2mA

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðm2

A − ðmB þmPÞ2Þðm2
A − ðmB −mPÞ2Þ

q
;

NA ¼
ffiffiffiffiffiffiffiffiffi
2mA

p
;

NB ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðmA þmBÞ2 −m2

P

2mA

s
: ð37Þ

The experimental measurements with a �1σ error bar
of the T8 → T8P8 weak decays are listed in the second
column of Table VII. There are four real parameters
(A1, A2eiϕA ; A3) for five Σ → pπ; nπ decays; one can
obtain A1 ¼ 2.48� 0.01, A2 ¼ 1.74� 0.01, and jϕAj ≤
45.35° by using the data of BðΣþ → pπ0; nπþ;Σ− → nπ−Þ.
Furthermore, BðΣ0 → pπ−Þ could be obtained in terms
of A1. In addition, the five Σ → nπ; pπ decay modes also
have the isospin relations

AðΣþ → pπ0Þ ¼ −
ffiffiffi
2

p

3
ðA1

2
− A3

2
Þ;

AðΣþ → nπþÞ ¼ 1

3
ð2A1

2
þ A3

2
Þ;

AðΣ− → nπ−Þ ¼ −
ffiffiffi
2

p

3
ðA1

2
− A3

2
Þ;

AðΣ0 → pπ−Þ ¼ A3
2
;

AðΣ0 → nπ0Þ ¼ 1

3
ðA1

2
þ 2A3

2
Þ: ð38Þ

There are three real parameters (A1
2
, A3

2
eiϕ13) in Eq. (38).

Using the data of BðΣþ → pπ0;Σþ → nπþ;Σ− → nπ−Þ,
one can get BðΣ0 → pπ−Þ and BðΣ0 → nπ0Þ, which are
listed in the last column of Table VII. We can see that SU(3)
IRA and isospin relations give consistent predictions
for BðΣ0 → pπ−Þ.
For Λ0 → pπ−; nπ0 decays, there is only one parameter,

A4. We first get the value of jA4j from the data of
BðΛ0 → pπ−Þ, then, further considering the experimental
data of BðΛ0 → nπ0Þ, we finally give the predictions of
BðΛ0 → pπ−; nπ0Þ in the third column of Table VII.

TABLE VI. The SU(3) IRA amplitudes of the T8 → T8P weak decays.

Amplitudes Hð4Þ121 Hð4Þ222 Hð2̄Þ2
Simplified
amplitudesffiffiffi

2
p

AðΣþ → pπ0Þ −2ða5 þ a6Þ − 2ðb4 þ b7Þ
þðc4 þ 2c5 þ c6Þ

þðc7 þ 2c8 þ c9Þ − 2ðd4 þ d7Þ

2ða5 þ a6Þ 2ðe5 þ e6Þ þ f4
þf5 þ f7 þ f8

A1

AðΣþ → nπþÞ ðc4 − c6 þ c7 − c9Þ þ 2ðd4 þ d7Þ −2ðb4 þ b7Þ f4 − f6 þ f7 − f9 A1 − A2

AðΣ− → nπ−Þ −2ða5 þ a6Þ − 2ðb4 þ b7Þ −ðc5 þ c6 þ c8 þ c9Þ
þ2ðd4 þ d7Þ

−2ðe5 þ e6Þ
−ðf5 þ f6 þ f8 þ f9Þ

−A2

ffiffiffi
2

p
AðΣ0 → pπ−Þ 2ða5 þ a6Þ − 2ðb4 þ b7Þ

−ðc4 − c6 þ c7 − c9Þ − 2ðd4 þ d7Þ
c4 þ c5 þ c7 þ c8 2ðe5 þ e6Þ þ f4 þ f5 þ f7 þ f8 A1

2AðΣ0 → nπ0Þ −2ða5 þ a6Þ þ 2ðb4 þ b7Þ
þðc4 þ 2c5 þ c6Þ

þðc7 þ 2c8 þ c9Þ − 2ðd4 þ d7Þ

2ða5 þ a6Þ þ 2ðb4 þ b7Þ
−ðc4 − c6 þ c7 − c9Þ

−2ðd4 þ d7Þ

2ðe5 þ e6Þ
−ðf4 − f5 þ f7 − f8Þ

A3

ffiffiffi
6

p
AðΛ0 → pπ−Þ −4ða1 þ a2 þ a4Þ − 2ða5 − a6Þ

−2ð2b1 þ b4 − b7Þ
þð2c1 − 2c3 þ c4 − c6 − c7 þ c9Þ

þ2ð2d1 þ d4 − d7Þ

2c1 þ 2c2 þ c4
þc5 − c7 − c8

−4ðe1 þ e2 þ e4Þ − 2ðe5 − e6Þ
þð2f1 þ 2f2 þ f4 þ f5 − f7 − f8Þ

−A4

2
ffiffiffi
3

p
AðΛ0 → nπ0Þ −4ða1 þ a2 þ a4Þ − 2ða5 − a6Þ

−2ð2b1 þ b4 − b7Þ
−2ðc1 þ 2c2 þ c3Þ

−ðc4 þ 2c5 þ c6Þ þ ðc7 þ 2c8 þ c9Þ
þ2ð2d1 þ d4 − d7Þ

4ða1 þ a2 þ a4Þ
þ2ða5 − a6Þ

þ2ð2b1 þ b4 − b7Þ
ð−2c1 þ 2c3 − c4
þc6 þ c7 − c9Þ

−2ð2d1 þ d4 − d7Þ

4ðe1 þ e2 þ e4Þ þ 2ðe5 − e6Þ
−ð2f1 þ 2f2 þ f4 þ f5 − f7 − f8Þ

A4

ffiffiffi
6

p
AðΞ− → Λ0π−Þ 2ða1 þ a2 þ a4 þ 2a5 þ a6Þ −ðc1 þ 2c2 þ c3Þ

þðc7 þ 2c8 þ c9Þ
2ðe1 þ e2 þ e4 þ 2e5 þ e6Þ

−ðf1 þ 2f2 þ f3Þ
þðf7 þ 2f8 þ f9Þ

A5

2
ffiffiffi
3

p
AðΞ0 → Λ0π0Þ 2ða1 þ a2 þ a4 þ 2a5 þ a6Þ

2ðc1 þ 2c2 þ c3Þ − 2ðc7 þ 2c8 þ c9Þ
−2ða1 þ a2 þ a4

þ2a5 þ a6Þ
−2ðe1 þ e2 þ e4 þ 2e5 þ e6Þ

þðf1 þ 2f2 þ f3Þ
−ðf7 þ 2f8 þ f9Þ

−A5
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One can see that the data of both BðΛ0 → pπ−Þ and
BðΛ0 → nπ0Þ give the effective bounds on the parameter
jA4j, and the IRA predictions for BðΛ0 → pπ−; nπ0Þ are in
agreement with the present data. Note that, if only consid-
ering the experimental constraint from BðΛ0 → pπ−Þ, the
prediction of BðΛ0 → pπ−Þ given in the third column of
Table VII would be the same as the experimental datum. The
slight difference between the prediction and the datumcomes
from the experimental constraint of BðΛ0 → nπ0Þ.
ForΞ− → Λ0π− andΞ0 → Λ0π0 decays, there is only one

parameter A5. We use the data of BðΞ− → Λ0π−Þ to obtain

jA5j, then predictBðΞ0→Λ0π0Þ. We obtainBðΞ0→Λ0π0Þ¼
ð80.016�3.746Þ%, which is about 16% smaller than its data.
The reason could be that the neglected Cþ term or SU(3)
breaking effects might give a contribution of a few percent to
BðΞ− → Λ0π−Þ and BðΞ0 → Λ0π0Þ.

2. T10 → T8M8 weak decays

Feynman diagrams for the T10 → T8M8 nonleptonic
decays are also displayed in Fig. 3, and the SU(3) IRA
amplitudes are

AðT10→T8M8ÞIRA¼ ā1Hð4ÞlkmðT10ÞnijðT8Þ½ik�jðM8Þml þ ā2Hð4ÞlkmðT10ÞnijðT8Þ½jk�iðM8Þml
þ b̄1Hð4ÞlkmðT10ÞnijðT8Þ½kl�iðM8Þmj þ b̄2Hð4ÞlkmðT10ÞnijðT8Þ½ki�lðM8Þmj þ b̄3Hð4ÞlkmðT10ÞnijðT8Þ½il�kðM8Þmj
þ c̄1Hð4Þlkj ðT10ÞnijðT8Þ½km�iðM8Þml þ c̄2Hð4Þlkj ðT10ÞnijðT8Þ½ki�mðM8Þml þ c̄3Hð4Þlkj ðT10ÞnijðT8Þ½im�kðM8Þmj
þ d̄1Hð4Þlkj ðT10ÞnijðT8Þ½mk�lðM8Þmi þ d̄2Hð4Þlkj ðT10ÞnijðT8Þ½ml�kðM8Þmi þ d̄3Hð4Þlkj ðT10ÞnijðT8Þ½kl�mðM8Þmi
þ ē1Hð2̄ÞkðT10ÞnijðT8Þ½im�jðM8Þmk þ ē2Hð2̄ÞkðT10ÞnijðT8Þ½jm�iðM8Þmk
þ f̄1Hð2̄ÞkðT10ÞnijðT8Þ½ki�mðM8Þmj þ f̄2Hð2̄ÞkðT10ÞnijðT8Þ½km�iðM8Þmj þ f̄3Hð2̄ÞkðT10ÞnijðT8Þ½im�kðM8Þmj :

ð39Þ
Considering the fact that Hð4Þlkm and ðT10Þnij are symmetric in upper indices, we have the relations

ā2 ¼ ā1; b̄1 ¼ 0; b̄3 ¼ −b̄2; d̄2 ¼ d̄1; d̄3 ¼ 0; ē2 ¼ ē1: ð40Þ
Then Eq. (39) can be simplified as

AðT10 → T8M8ÞIRA;J ¼ ā1Hð4ÞlkmðT10ÞnijðT8Þ½ik�jðM8Þml þ b̄2Hð4ÞlkmðT10ÞnijðT8Þ½ki�lðM8Þmj
þ c̄1Hð4Þlkj ðT10ÞnijðT8Þ½km�iðM8Þml þ c̄2Hð4Þlkj ðT10ÞnijðT8Þ½ki�mðM8Þml
þ c̄3Hð4Þlkj ðT10ÞnijðT8Þ½im�kðM8Þmj þ d̄1Hð4Þlkj ðT10ÞnijðT8Þ½mk�lðM8Þmi
þ ē1Hð2̄ÞkðT10ÞnijðT8Þ½im�jðM8Þmk þ f̄1Hð2̄ÞkðT10ÞnijðT8Þ½ki�mðM8Þmj
þ f̄2Hð2̄ÞkðT10ÞnijðT8Þ½km�iðM8Þmj þ f̄3Hð2̄ÞkðT10ÞnijðT8Þ½im�kðM8Þmj : ð41Þ

The IRA amplitudes for the T10 → T8P8 weak decays are listed in Table VIII, and the IRA amplitudes for the T10 → T8V8

weak decays have similar relations. If neglecting theHð4̄Þ222 terms and the ci terms inHð4Þ121 , and redefining the parameters

TABLE VII. The experimental measurements and the SM predictions with a�1σ error bar of branching ratios of the T8 → T8P8 weak
decays.

Observables Experimental Data [1] SU(3) IRA Isospin relations

BðΣþ → pπ0Þð×10−2Þ 51.57� 0.30 51.57� 0.30a 51.57� 0.30a

BðΣþ → nπþÞð×10−2Þ 48.31� 0.30 48.31� 0.30a 48.31� 0.30a

BðΣ− → nπ−Þð×10−2Þ 99.848� 0.005 99.848� 0.005a 99.848� 0.005a

BðΣ0 → pπ−Þð×10−10Þ � � � 4.82� 0.49 4.82� 0.50
BðΣ0 → nπ0Þð×10−10Þ � � � � � � 2.41� 0.27

BðΛ0 → pπ−Þð×10−2Þ 63.9� 0.5 64.19� 0.21a � � �
BðΛ0 → nπ0Þð×10−2Þ 35.8� 0.5 35.42� 0.12a � � �
BðΞ− → Λ0π−Þð×10−2Þ 99.887� 0.035 99.887� 0.035a � � �
BðΞ0 → Λ0π0Þð×10−2Þ 99.524� 0.012 80.016� 3.746b � � �

aExperimental data have been used to give the effective constraints of the parameters.
bExperimental data have not been used to constrain the parameters.
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Ā1 ¼ 2ðā1 þ ē1Þ;
Ā2 ¼ 2ð−ā1 þ ē1Þ;
Ā3 ¼ 2ðf̄1 þ 2f̄2 þ f̄2Þ; ð42Þ

the six decay amplitudes can be given in simpler forms,
which are shown in the last column of Table VIII.
Furthermore, we have the relation AðΞ�− → Σ0π−Þ ¼
AðΞ�− → Σ−π0Þ if considering only the dominant Hð2̄Þ2
contributions.
The branching ratios of T10 → T8P8 can be obtained in

terms of the IRA amplitudes

BðT10A → T8BP8Þ ¼
τAjpcmj
16πm2

A
jAðT10A → T8BP8Þj2; ð43Þ

and the mass difference in AðT10A → T8BP8Þ, which is
similar to Eq. (36), is also considered.
At present, only three Ω− decay modes have been

measured:

BðΩ− → Ξ0π−Þð×10−2Þ ¼ ð23.6� 0.7Þ × 10−2;

BðΩ− → Ξ−π0Þð×10−2Þ ¼ ð8.6� 0.4Þ × 10−2;

BðΩ− → Λ0K−Þð×10−2Þ ¼ ð67.8� 0.7Þ × 10−2: ð44Þ
We obtain jĀ1j ¼ 8.54� 0.19, jĀ2j ¼ 7.47� 0.23, and
jĀ3j ¼ 5.36� 0.08 from the data of BðΩ− → Ξ0π−Þ,
BðΩ− → Ξ−π0Þ, and BðΩ− → Λ0K−Þ, respectively. Then
we predict that

BðΞ�− → Λ0π−Þ ¼ ð1.06� 0.90Þ × 10−12;

BðΞ�0 → Σþπ−Þ ¼ ð5.96� 0.58Þ × 10−14;

BðΞ�0 → Λ0π0Þ ¼ ð5.02� 4.06Þ × 10−13; ð45Þ
where the prediction for BðΞ�− → Λ0π−Þ depends on the
relative phase between Ā1 and Ā3, and the prediction for

BðΞ�0 → Λ0π0Þ depends on the relative phase between Ā2

and Ā3.

B. Electromagnetic or strong decays of light baryons

The light baryons T10 can also decay through electro-
magnetic or strong interactions. The Feynman diagram of
the electromagnetic or strong (ES) decays of T10 is shown
in Fig. 4. In this case, we need only consider the SU(3)
symmetry between the initial and final states. The SU(3)
IRA amplitude of the T10 → T8M8 ES decay is

AðT10 → T8M8ÞES;IRA ¼ β1ðT10ÞijkðT8Þ½il�jðM8Þlk: ð46Þ

There is only one parameter β1 for this IRA amplitude. The
IRA amplitudes of all of the ES T10 → T8P8 decays are
given in Table IX.
For these ES decays, only three branching ratios are

measured; they are given in Table X. We first get jβ1j from
the data of BðΣ� → ΣπÞ, then also consider the experi-
mental constraint from BðΣ� → ΛπÞ, and finally give the

TABLE VIII. The SU(3) IRA amplitudes of the T10 → T8M8 weak decays.

Amplitudes Hð4Þ121 ¼ 1
3

Hð4Þ222 ¼ − 1
3

Hð2̄Þ2 ¼ 1 Simplified amplitudes

AðΩ− → Ξ0π−Þ 2ā1 2ē1 Ā1ffiffiffi
2

p
AðΩ− → Ξ−π0Þ −2ā1 2ā1 2ē1 Ā2ffiffiffi

6
p

AðΩ− → Λ0K−Þ f̄1 þ 2f̄2 þ f̄3 Ā3

3
ffiffiffi
2

p
AðΞ�− → Λ0π−Þ 6ā1 2c̄1 þ c̄2 þ c̄3 6ē1 þ f̄1 þ 2f̄2 þ f̄3 3Ā1 þ Ā3ffiffiffi

6
p

AðΞ�− → Σ0π−Þ 2ā1 − 4b̄2 c̄3 − c̄2 2ē1 − f̄1 þ f̄3ffiffiffi
6

p
AðΞ�− → Σ−π0Þ −2ā1 2ā1 − 2b̄2 þ c̄3 − c̄2 2ē1 − f̄1 þ f̄3ffiffiffi

3
p

AðΞ�0 → Σþπ−Þ 2ā1 þ c̄3 − c̄2 2ē1 Ā1ffiffiffi
3

p
AðΞ�0 → Σ−πþÞ c̄2 − c̄3 2b̄2 f̄1 − f̄3

6AðΞ�0 → Λ0π0Þ −6ā1 þ 2ð2c̄1 þ c̄2 þ c̄3Þ 6ā1 6ē1 þ f̄1 þ 2f̄2 þ f̄3 3Ā2 þ Ā3

2
ffiffiffi
3

p
AðΞ�0 → Σ0π0Þ 2ā1 − 4b̄2 −2ā1 −2ē1 − f̄1 þ f̄3ffiffiffi

3
p

AðΞ�− → nK−Þ 2b̄2 2d̄1 −f̄2 − f̄3ffiffiffi
3

p
AðΣ�− → nπ−Þ −2ā1 þ 2b̄2 −c̄1 − c̄3 þ 2d̄1 −2ē1 − f̄2 − f̄3

FIG. 4. Feynman diagram of the IRA for the T10 → T8M8 ES
decays.
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predictions of other specific branching ratios. Our SU(3)
IRA predictions are given in Table X, where one can see
that, within 1σ error, the experimental result of BðΣ� →
ΛπÞ can effectively constrain jβ1j. In addition, when the
IRA predictions are consistent with the data of BðΣ� → ΣπÞ
and BðΣ� → ΛπÞ, the prediction of BðΞ� → ΞπÞ is slightly
larger than its experimental result, which might imply
that the SU(3) breaking effects could give visible contri-
butions to BðΞ� → ΞπÞ. Nevertheless, the prediction and

experimental data of BðΞ� → ΞπÞ can be consistent within
1.3σ error. And moreover, the decay width predictions of
Ξ�0 → Ξπ and Ξ�− → Ξπ in the chiral quark-soliton model
are also slightly larger than their experimental data [67].
Note that the ES T8 → T8P8 decays and the ES T10 →

T8K decays are not allowed by the phase space since the
sum of the final hadron masses is larger than the mass of the
initial state.

IV. SUMMARY

Light baryon decays play a very important role in testing
of the SM and searching for new physics beyond the SM.
Many decay modes have been measured, and some decays
can be studied at BESIII and LHCb experiments now.
Motivated by this, we have analyzed the semileptonic
decays and two-body nonleptonic decays of light baryon
octets and decuplets by using the irreducible representation
approach to test the SU(3) flavor symmetry. Our main
results can be summarized as follows:
(a) Semileptonic light baryon decays.—We have found

that all branching ratio predictions of octet and
decuplet baryons through s → ul−ν̄l and d →
ue−ν̄e transitions with SU(3) IRA in the S2 case are
quite consistent with the present experimental mea-
surements within 1σ error. We have predicted that
BðΞ− → Σ0μ−ν̄μÞ and BðΩ− → Ξ0μ−ν̄μÞ are on the
order of magnitudes of 10−6 and 10−3, respectively,
and that BðΣ− → Σ0e−ν̄e;Ξ− → Ξ0e−ν̄eÞ are on the
order of 10−10. These decays promise to be observed
by the BESIII and LHCb experiments or other future
experiments. However, other branching ratios, which
are in the range of 10−20 to 10−13, may not be
measured for a long time. Moreover, the longitudinal
branching ratios of decays of T8A → T8Bl−ν̄l have
also been predicted in this work.

(b) Nonleptonic two-body light baryon decays.—We
have obtained the relations of different decay am-
plitudes by the SU(3) IRA and isospin symmetry. In
T8 → T8P8 weak decays, we have found that SU(3)
IRA predictions of the branching ratios of Σ, Λ
baryons are consistent with the present experimental
data, BðΣ0 → pπ−; nπ0Þ are on the order of 10−10

by the SU(3) IRA or isospin symmetry, and the
neglected Cþ terms or SU(3) symmetry breaking
effects might give a contribution of a few percent
to the two branching ratios of Ξ → Λπ. In the
T10 → T8P weak decays, we have predicted that
BðΞ�− → Λ0π−Þ, BðΞ�0 → Λ0π0Þ, and BðΞ�0 →
Σþπ−Þ are on the order of 10−12, 10−13, and
10−14, respectively. In the T10 → T8P8 ES decays,
when the IRA predictions are consistent with the
data of BðΣ� → ΣπÞ and BðΣ� → ΛπÞ, the prediction
of BðΞ� → ΞπÞ is slightly larger than the experi-
mental data, which implies that the SU(3) symmetry

TABLE IX. The IRA amplitudes of the T10 → T8P8 ES decays
under the SU(3) flavor symmetry.

Amplitudes SU(3) IRA amplitudesffiffiffi
6

p
AðΣ�þ → Σ0πþÞ β1ffiffiffi

6
p

AðΣ�þ → Σþπ0Þ β1
2

ffiffiffi
6

p
AðΣ�0 → Σ0π0Þ 0ffiffiffi

6
p

AðΣ�0 → Σþπ−Þ β1ffiffiffi
6

p
AðΣ�0 → Σ−πþÞ −β1ffiffiffi

6
p

AðΣ�− → Σ−π0Þ β1ffiffiffi
6

p
AðΣ�− → Σ0π−Þ β1

3
ffiffiffi
2

p
AðΣ�þ → Λ0πþÞ −3β1

6
ffiffiffi
2

p
AðΣ�0 → Λ0π0Þ 6β1

3
ffiffiffi
2

p
AðΣ�− → Λ0π−Þ 3β1ffiffiffi

6
p

AðΞ�0 → Ξ0π0Þ β1ffiffiffi
3

p
AðΞ�0 → Ξ−πþÞ −β1ffiffiffi

6
p

AðΞ�− → Ξ−π0Þ β1ffiffiffi
3

p
AðΞ�− → Ξ0π−Þ β1

TABLE X. Branching ratios of T10 → T8P8 ES decays within
1σ error.

Branching ratios Experimental Data SU(3) IRA

BðΣ�þ → Σ0πþÞð×10−2Þ � � � 5.34� 0.50
BðΣ�þ → Σþπ0Þð×10−2Þ � � � 6.59� 0.61
BðΣ�0 → Σ0π0Þð×10−2Þ � � � 0
BðΣ�0 → Σþπ−Þð×10−2Þ � � � 6.20� 0.78
BðΣ�0 → Σ−πþÞð×10−2Þ � � � 4.71� 0.59
BðΣ�− → Σ−π0Þð×10−2Þ � � � 5.40� 0.60
BðΣ�− → Σ0π−Þð×10−2Þ � � � 5.66� 0.63
BðΣ� → ΣπÞð×10−2Þ 11.7� 1.5 11.24� 0.28

BðΣ�þ → Λ0πþÞð×10−2Þ � � � 86.14� 7.62
BðΣ�0 → Λ0π0Þð×10−2Þ � � � 91.68� 11.36
BðΣ�− → Λ0π−Þð×10−2Þ � � � 84.44� 8.96
BðΣ� → Λ0πÞð×10−2Þ 87.0� 1.5 87.00� 1.50a

BðΞ�0 → Ξ0π0Þð×10−2Þ � � � 48.22� 6.55
BðΞ�0 → Ξ−πþÞð×10−2Þ � � � 76.23� 10.32
BðΞ�− → Ξ−π0Þð×10−2Þ � � � 43.05� 11.01
BðΞ�− → Ξ0π−Þð×10−2Þ � � � 94.33� 24.12
BðΞ� → ΞπÞð×10−2Þ 100 131.01� 24.40b

aExperimental data have been used to give the effective
constraints on the parameters.

bExperimental data have not been used to constrain the
parameters.
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breaking effects could give visible contributions to
BðΞ� → ΞπÞ. In addition, we have given all of the
specific branching ratio predictions for these T10 →
T8P8 ES decays.

Although flavor SU(3) symmetry is approximate, it can
still provide us with very useful information about these
decays. According to our predictions, some branching
ratios will be accessible to the experiments at BESIII
and LHCb. Our results in this work could be used to test
the SU(3) flavor symmetry approach in light baryon decays
in future experiments.
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