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We present a unified theoretical study of semileptonic decays of ground state octet hyperons using the
relativistic three-quark model (R3QM). A key innovation of our approach is that all baryon wave functions
are determined by fitting the baryon mass spectrum with a semirelativistic potential model, leading to
predictions for weak transition amplitudes without free parameters. Adopting these wave functions, we
calculate the decay widths, branching fractions, lepton flavor universality ratios, as well as the angular
correlation and spin asymmetry parameters for the octet channels. The calculated values agree with the
available experimental data and give predictions for channels with limited experimental information. We
further compute the complete set of octet transition form factors without any additional free parameters, so
that the weak current can be examined beyond the rate observables. In the well measured Λ → pl−ν̄l
channel, the calculated leading vector and axial-vector form factors, f1ð0Þ and g1ð0Þ, agree well with recent
lattice QCD results, and the g1=f1 ratio is consistent with recent BESIII measurements. Beyond the leading
vector and axial-vector terms, the complete form factor set separates the weak magnetism, second class, and
the pole contribution associated with the partially conserved axial current (PCAC) relation. The weak
magnetism term f2 shows the clearest channel dependence compared with lattice QCD results, and its
smaller values in some channels may point to transverse current strength not fully saturated by pure qqq
valence components. This work provides a framework for connecting octet hyperon weak form factors to
the spin-flavor and spatial structure of baryons at the quark level, and gives testable weak current
observables for future hyperon semileptonic decay measurements.

DOI: 10.1103/q49g-5nvz

I. INTRODUCTION

Hyperon semileptonic decays proceed through the
charged current weak interaction. At tree level, the ampli-
tude separates into two vertices. The leptonic vertex Wlνl
is fixed by the Standard Model, while the effective hadronic
vertexWHH contains the nonperturbative baryon transition
dynamics. With the leptonic vertex fixed, the baryon matrix
element can be used to examine the spin-flavor and spatial
structure of hyperons. In this sense, the virtual W boson
plays a role analogous to that of the virtual photon in deep
inelastic scattering. The separation of the fixed leptonic

vertex from the hadronic matrix element makes semilep-
tonic decays cleaner than purely hadronic decays, where
final-state interactions mix the weak transition with sub-
sequent hadronic rescattering.
Theoretically, all descriptions of these decays rely on

Lorentz invariant hadronic form factors. For ground state
spin-1=2 → 1=2 octet transitions, the matrix element is
usually described by six form factors, including three vector
form factors f1;2;3 and three axial-vector form factors g1;2;3
[1–4]. The leading form factors f1 and g1 determine the total
decay rate, encoding the vector charge and axial-vector
strength, respectively. The subleading form factors carry
more detailed structural information, with f2 describing
weak magnetism, f3 and g2 corresponding to second-class
currents induced by flavor symmetry breaking, and g3
representing the longitudinal axial-vector component.
Despite decades of theoretical effort, our understanding
of these form factors remains incomplete.
These form factors have been studied using various

approaches at both the hadron level and the quark-gluon
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level. At the hadron level, flavor SU(3) analyses [1–11]
adopt the Cabibbo F and D couplings, introduce flavor
SU(3) breaking through fitted parameters, and estimate f2
from the baryon magnetic moments with the conserved
vector current (CVC) hypothesis. At the same level, baryon
chiral perturbation theory (BχPT) [12–26] treats the weak
current in a chiral expansion, where meson loops and low-
energy constants generate the recoil corrections, induced
terms, and flavor breaking effects. All approaches at the
hadron level rely on phenomenological parametrizations,
such as the widely used dipole form factor, to describe the q2

dependence of form factors. These parametrizations remain
purely descriptive, because the form factors are fitted to
experimental decay data and the same fitted parameters are
then used to account for those data. This procedure leads to a
circular interpretation and gives little insight into the
hadronic structure behind the weak transition.
At the quark-gluon level, hyperon semileptonic matrix

elements can be computed from first principles in lattice
QCD (LQCD) [27–37]. These matrix elements give the
hadronic part of the decay amplitudes, from which the decay
rates and rate ratios are obtained. The q2-dependent form
factors can also be obtained from correlation functions in
QCD sum rule (QCDSR) studies [38–40] and used to
calculate decay widths and branching fractions. However,
the matrix elements and form factors obtained in this way
are usually given as complete numerical quantities. Their
decomposition into intuitive quark-gluon level mechanisms,
or their connection to specific features of the baryon wave
function, is still difficult. Furthermore, none of these
approaches provide a unified, dynamically consistent
description of all ground state hyperon semileptonic decays.
Such a unified description can be naturally carried out in

quark models, since the weak matrix elements for all
ground state hyperon channels can be calculated with
the baryon wave functions and the appropriate quark weak
current. In early quark model studies [41–43], the relevant
axial-vector, weak magnetism, and weak electricity form
factors in baryon semileptonic decays were calculated.
Recoil corrections, relativistic spin effects, and chiral SU(3)
breaking contributions were later incorporated in light-
front, covariant, chiral-quark, and chiral-soliton calcula-
tions [44–51]. These calculations showed that explicit
internal dynamics beyond the static SU(6) limit are needed
for a realistic description of the hyperon weak form factors.
However, most existing quark model calculations are still
affected by the same circularity problem, because the wave
function parameters are typically tuned to reproduce weak
decay data rather than fixed independently, and the calcu-
lations are often restricted to only a few channels.
In the past decade, two critical experimental develop-

ments have made a new approach both timely and feasible.
First, experimental information on hyperon semileptonic
decays has become much more precise and complete. Early
fixed target experiments established the branching fractions

and leading form factor ratios g1=f1 for the main Λ, Σ, and
Ξ decay channels [52–58]. The KTeV and NA48=1
Collaborations later measured the rare Ξ0 → Σþe−ν̄e decay
[59–62]. Most recently, the BESIII Collaboration reported a
precise measurement of the Λ → pμ−ν̄μ branching fraction
[63], and the LHCb Collaboration reported the lepton
flavor universality ratio Rμe [64]. In a landmark 2025
study, the BESIII Collaboration further reported the first
experimental determinations of the subleading weak mag-
netism and weak electricity ratios in Λ → pe−ν̄e [65].
These determinations marked the first experimental sensi-
tivity to the full structure of the hadronic weak current.
Second, with high-precision measurements of the ground
state baryon mass spectrum [66], the spatial and spin-flavor
structure of baryon wave functions can now be constrained
much more tightly, making it possible to determine these
wave functions with much higher accuracy.
Against this background, we present a unified study of

all ground state octet hyperon semileptonic decays within
the relativistic three-quark model (R3QM), with no addi-
tional free parameters in the weak transition amplitudes.
Compared with our previous nonrelativistic work [67], the
present R3QM calculation differs in both the input wave
functions and the treatment of recoil dynamics. The
constituent quark masses and baryon wave functions are
fixed a priori by fitting the baryon mass spectrum, and the
transition amplitudes are calculated in the instant-form
Bakamjian-Thomas relativistic formalism with full Dirac
spinors, finite recoil, and Wigner rotations. These ampli-
tudes are used to obtain the decay widths and branching
fractions and to project out the full set of form factors, with
g3 reconstructed through the partially conserved axial
current (PCAC) relation.
This approach addresses all limitations of previous

methods: it breaks the circular logic of parameter fitting,
provides a unified treatment of all channels, enables explicit
tracing of form factors to wave function structure at the
quark level, and establishes a clean valence three-quark
reference against which future studies can quantify non-
valence contributions, such as meson cloud effects and other
higher Fock components. With the branching fractions, rate
ratios, angular correlation and spin asymmetry parameters,
and form factors obtained in the same calculation, we
compare them with available experimental data and theo-
retical calculations. We also discuss how these observables
reflect the internal structure and weak transition dynamics
of hyperons.
This paper is organized as follows. In Secs. II and III, we

introduce the semirelativistic potential model and the
relativistic three-quark model. In Sec. IV, we present the
numerical results for the form factors, branching fractions,
angular observables, and compare them with the exper-
imental data and other theoretical predictions. Finally, a
summary is given in Sec. V.
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II. BARYON WAVE FUNCTIONS
AND MASS SPECTRUM

A. Baryon wave functions

In the constituent quark model, a baryon is described as a
bound state of three constituent quarks. The total wave
function takes the form

jB; JPi ¼ j1ci ⊗ ϕB ⊗ ½Ψ ⊗ χS�J: ð1Þ

Here j1ci is the antisymmetric SUð3Þc color singlet wave
function, and Ψ, ϕB, and χS denote the spatial, flavor, and
spin wave functions, respectively. The subscript J denotes
the coupling of the orbital angular momentum carried by Ψ
and the total quark spin S to the baryon spin J. The parity P
is determined by the spatial wave function.
The common color factor is suppressed in the following.

Its antisymmetry requires the remaining spatial-spin-flavor
wave function to be symmetric under permutations of
identical quarks. For light baryons, this remaining part is
classified by combining the flavor and spin wave functions
into SU(6) spin-flavor wave functions, while the spatial
wave functions are classified under O(3) [68–70]. For
heavy baryons, unequal constituent quark masses break the
exact S3 permutation symmetry, so the basis is organized
according to the exchange parity of a selected quark pair.
For the spatial wave function Ψ, the center-of-mass

motion is first separated, and the two internal modes are
described by the mass-independent Jacobi coordinates

ρ ¼ 1ffiffiffi
2

p ðr1 − r2Þ;

λ ¼ 1ffiffiffi
6

p ðr1 þ r2 − 2r3Þ;

Rcm ¼ 1

3
ðr1 þ r2 þ r3Þ; ð2Þ

where ri is the position of quark i. The coordinate ρ
describes the relative motion of quarks 1 and 2, λ describes
the motion of quark 3 relative to the (12) pair, and Rcm
describes the center-of-mass motion. The corresponding
Jacobi momenta are

kρ ¼
1ffiffiffi
2

p ðk1 − k2Þ;

kλ ¼
1ffiffiffi
6

p ðk1 þ k2 − 2k3Þ;

PB ¼ k1 þ k2 þ k3; ð3Þ

where ki is the momentum of quark i and PB is the baryon
momentum. In the baryon rest frame, PB ¼ 0, and the
inverse transformation becomes

k1 ¼
1ffiffiffi
2

p kρ þ
1ffiffiffi
6

p kλ;

k2 ¼ −
1ffiffiffi
2

p kρ þ
1ffiffiffi
6

p kλ;

k3 ¼ −
ffiffiffi
2

3

r
kλ:

The rest-frame spatial wave function therefore depends
only on the internal coordinates ðρ; λÞ, or equivalently on
the momenta ðkρ; kλÞ.
In this work, we expand the spatial wave function in the

simple harmonic oscillator (SHO) basis [68,69]. In coor-
dinate space, the basis function for each Jacobi mode takes
the form

ψnξlξmξ
ðξÞ ¼ Rnξlξðξ; αξÞYlξmξ

ðξ̂Þ; ð4Þ

where ξ denotes either ρ or λ, ξ ¼ jξj, and αξ is the
corresponding oscillator parameter. The quantum numbers
nξ, lξ, and mξ denote the radial excitation, orbital angular
momentum, and its projection, respectively. The normal-
ized radial wave function is

Rnξlξðξ;αξÞ ¼ α3=2ξ

�
2lξþ2−nξð2lξþ 2nξþ 1Þ!!ffiffiffi

π
p

nξ!½ð2lξþ 1Þ!!�2
�
1=2

ðαξξÞlξ

×exp

�
−
1

2
ðαξξÞ2

�
1F1

�
−nξ; lξþ

3

2
;ðαξξÞ2

�
:

ð5Þ

The function 1F1ða; b; zÞ is the confluent hypergeometric
function.
The orbital angular momenta of the ρ and λ modes

are coupled to a total orbital angular momentum L. The
corresponding spatial basis function is defined by

Ψðnρlρ;nλlλÞ
NoscLML

ðρ; λÞ
¼
X
mρ;mλ

hlρmρlλmλjLMLiψnρlρmρ
ðρÞψnλlλmλ

ðλÞ: ð6Þ

Here the oscillator shell number is Nosc ¼ 2nρ þ lρþ
2nλ þ lλ. It counts the total number of oscillator quanta
carried by the two internal modes. The parity of the
baryon is determined by the internal orbital angular
momenta, P ¼ ð−1Þlρþlλ .
For the ground state baryon spectrum, the spatial basis is

restricted to L ¼ 0. To include configuration mixing, the
expansion is truncated at the first positive parity excited
shell, Nosc ≤ 2. This truncated space contains four primi-
tive channels ðnρlρ; nλlλÞ: the Nosc ¼ 0 ground state (00,
00), two Nosc ¼ 2 radial excitations (10, 00) and (00, 10),
and one Nosc ¼ 2 internal orbital excitation (01, 01) where
two P waves (lρ ¼ lλ ¼ 1) couple to L ¼ 0.
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These primitive functions are combined into spatial
states with definite permutation symmetry:

Ψs
000 ¼ Ψð00;00Þ

000 ;

Ψs
200 ¼

1ffiffiffi
2

p
�
Ψð10;00Þ

200 þΨð00;10Þ
200

�
;

Ψρ
200 ¼ −Ψð01;01Þ

200 ;

Ψλ
200 ¼

1ffiffiffi
2

p
�
−Ψð10;00Þ

200 þ Ψð00;10Þ
200

�
: ð7Þ

The superscripts s, ρ, and λ specify the exchange symmetry
of the first two quarks: s denotes a totally symmetric state,
while ρ and λ denote odd (antisymmetric) and even
(symmetric) exchange parity, respectively. The functions
Ψs

000, Ψs
200, and Ψλ

200 consist purely of S-wave modes. The
function Ψρ

200 carries the angular correlation absent from
these pure S-wave products.
For the light octet, the lowest spin-1=2 state consistent

with the Pauli principle is

jB8
1; 1=2

þi ¼ Φs
56;8Ψ

s
000

¼ 1ffiffiffi
2

p
�
ϕρ
8χ

ρ
1=2 þ ϕλ

8χ
λ
1=2

�
Ψs

000: ð8Þ

Here Φs
56;8 denotes the complete spin-flavor wave function

of the flavor octet in the 56 representation of SU(6), while
ϕ8 and χ1=2 denote the flavor-octet and spin-1=2 wave
functions, respectively. Their explicit expressions for all
light octet baryons are collected in Appendix A.
At Nosc ¼ 2, the mixed-symmetry spin-flavor functions

in the 70 representation are

Φρ
70 ¼

1ffiffiffi
2

p
�
ϕρ
8χ

λ
1=2 þ ϕλ

8χ
ρ
1=2

�
;

Φλ
70 ¼

1ffiffiffi
2

p
�
ϕρ
8χ

ρ
1=2 − ϕλ

8χ
λ
1=2

�
: ð9Þ

Combining the spatial and spin-flavor functions with the
same permutation symmetry gives the remaining light octet
basis states,

jB8
2; 1=2

þi ¼ Ψs
200Φs

56;8;

jB8
3; 1=2

þi ¼ 1ffiffiffi
2

p
�
Ψρ

200Φ
ρ
70 þ Ψλ

200Φλ
70

�
: ð10Þ

The states jB8
1; 1=2

þi and jB8
2; 1=2

þi are direct products of
totally symmetric spatial and spin-flavor wave functions. In
jB8

3; 1=2
þi, the ρ and λ spatial functions are paired with

spin-flavor functions of the same exchange symmetry,
giving a totally symmetric sum. The four spatial products
reduce to three independent light octet configurations
allowed by the Pauli principle. A physical light octet

baryon is expanded in these three configurations as

jB8; 1=2þi ¼
X3
κ¼1

c8;1=2κ jB8
κ ; 1=2þi: ð11Þ

Here κ ¼ 1, 2, 3 labels jB8
1; 1=2

þi, jB8
2; 1=2

þi, and

jB8
3; 1=2

þi, and c8;1=2κ is the corresponding mixing coef-

ficient, satisfy
P

3
κ¼1 jc8;1=2κ j2 ¼ 1.

For the light flavor decuplet, the flavor wave function
ϕs
10 and the spin-3=2 wave function χs3=2 are both com-

pletely symmetric. Their product gives the totally sym-
metric spin-flavor wave function in the 56 representation,
Φs

56;10 ¼ ϕs
10χ

s
3=2. Because Φs

56;10 is totally symmetric, the
Pauli principle restricts the spatial wave function to the
symmetric modesΨs

000 andΨs
200. With S ¼ 3=2 and L ¼ 0,

the total angular momentum is J ¼ S ¼ 3=2, and the
retained Nosc ≤ 2 basis for a JP ¼ 3=2þ decuplet baryon is

jB10
1 ; 3=2þi ¼ Ψs

000Φs
56;10 ¼ Ψs

000ϕ
s
10χ

s
3=2;

jB10
2 ; 3=2þi ¼ Ψs

200Φs
56;10 ¼ Ψs

200ϕ
s
10χ

s
3=2: ð12Þ

The decuplet component in the mixed-symmetry 70 rep-
resentation has S ¼ 1=2; for L ¼ 0, it couples only to
JP ¼ 1=2þ, whereas a JP ¼ 3=2þ state requires L ¼ 2 and
is thus excluded from the present truncation. The physical
decuplet state is therefore expanded in these two configu-
rations as

jB10; 3=2þi ¼
X2
κ¼1

c10;3=2κ jB10
κ ; 3=2þi; ð13Þ

with the normalization
P

2
κ¼1 jc10;3=2κ j2 ¼ 1.

For heavy baryons, the basis is organized by the
exchange symmetry of quarks 1 and 2. Under the 1 ↔ 2
permutation, the Jacobi coordinates transform as ρ → −ρ
and λ → λ, yielding the spatial exchange parity

P̂12Ψ
ðnρlρ;nλlλÞ
NoscLML

¼ ð−1ÞlρΨðnρlρ;nλlλÞ
NoscLML

: ð14Þ

Thus, the spatial functions Ψð00;00Þ
000 , Ψð10;00Þ

200 , and Ψð00;10Þ
200 are

symmetric, whereas Ψð01;01Þ
200 is antisymmetric. To satisfy the

Pauli principle, each spatial function is paired with a spin-
flavor state of the same exchange parity. Their product is
symmetric under 1 ↔ 2. Together with the antisymmetric
color wave function, it gives an antisymmetric three-quark
state. For a singly heavy baryon, quarks 1 and 2 form the
light pair. The light pair flavor wave function is antisym-
metric (ϕA) for the 3̄F multiplet ðΛQ;ΞQÞ and symmetric
(ϕS) for the 6F multiplet ðΣQ;Ξ0

Q;ΩQÞ. For the nsQ system,
the constituent mass difference ms ≠ mn breaks the light
flavor SUð3ÞF symmetry, allowing the color-magnetic spin-
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spin interaction to mix the 3̄F and 6F configurations. The
physical ΞQ and Ξ0

Q states with JP ¼ 1=2þ are therefore
obtained by diagonalizing the Hamiltonian in the combined
eight-dimensional basis. For JP ¼ 3=2þ, the three sym-
metric spatial functions are combined with ϕSχ

s
3=2. For Ξ

�
Q,

the antisymmetric product Ψð01;01Þ
200 ϕAχ

s
3=2 provides the

fourth basis configuration. For the doubly charmed baryons
considered here, quarks 1 and 2 are identical charm quarks,
so ϕA vanishes and only ϕS remains. The explicit basis
states and the expansions for all heavy baryons are given in
Appendix B.

B. Mass spectrum

The physical baryon mass spectrum and configuration-
mixed wave functions are determined within a semirela-
tivistic quark potential model [69,70] using the Nosc ≤ 2
basis constructed above. The Hamiltonian takes the form

H ¼
X3
i¼1

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
k2i þm2

i

q
þ
X
i<j

VðrijÞ þ C0; ð15Þ

where mi is the constituent mass of quark i, rij ¼ jri − rjj,
VðrijÞ is the quark-quark interaction, and C0 is a common
zero-point energy. The interaction VðrijÞ contains a Cornell
potential and a contact hyperfine interaction [69,71],

VðrijÞ ¼ VcornðrijÞ þ VhypðrijÞ: ð16Þ

The Cornell potential is

VcornðrijÞ ¼ −
2

3

αijs
rij

þ b
2
rij; ð17Þ

where b is the string tension of the linear confinement. The
flavor-dependent Coulomb coupling is αijs ¼ gOGEi gOGEj

[72], and gOGEi is the one-gluon-exchange (OGE) coupling
for quark flavor i. The spin-dependent term VhypðrijÞ is the
OGE contact interaction smeared by a Gaussian function,

VhypðrijÞ ¼
16παijs
9mimj

exp½−r2ij=r20ðijÞ�
π3=2r30ðijÞ

ðSi · SjÞ; ð18Þ

where Si is the spin operator of quark i. The reduced mass
of the interacting pair is μij ¼ mimj

miþmj
, and the smearing

radius is parametrized as r0ðijÞ ¼ Asmð2μijÞ−Bsm [73]. It
should be emphasized that spin-orbit and tensor inter-
actions are omitted in the present Hamiltonian, so the
spatial basis is restricted to the L ¼ 0 subspace.
For a baryon with spin J, the mass eigenvalue MB and

the mixing coefficients cB;Jκ satisfy the eigenvalue equation

XnB
κ0¼1

ðHB;J
κκ0 −MBδκκ0 ÞcB;Jκ0 ¼ 0; ð19Þ

where nB is the basis dimension and the Hamiltonian
matrix element is HB;J

κκ0 ¼ hBκ; JPjHjBκ0 ; JPi. To calculate
the Hamiltonian matrix elements, the harmonic oscillator
size parameters αρ and αλ in Eq. (4) are parametrized in
terms of the harmonic oscillator stiffness factor K,

αρ ¼ ð3KμρÞ1=4; αλ ¼ ð3KμλÞ1=4; ð20Þ

where μρ ¼ 2m1m2=ðm1 þm2Þ and μλ ¼ 3ðm1 þm2Þm3=
½2ðm1 þm2 þm3Þ� are the reduced masses for the ρ and λ
Jacobi coordinates, respectively. Here K serves as a
variational basis parameter rather than an adjustable
parameter in the Hamiltonian. For a given set of potential
parameters, K is determined by minimizing the proton
ground state energy of the spin-independent Hamiltonian in
the Nosc ≤ 2 space. With K fixed by the proton, the size
parameters αρ and αλ for all other baryons are directly
determined by their corresponding reduced masses.
Diagonalizing the Hamiltonian matrix in this optimized
basis yields the physical baryon masses and configuration
mixing coefficients.
The Hamiltonian parameters are determined by mini-

mizing χ2 against the reference masses of light, singly
heavy, and doubly charmed baryons. The fitted potential
parameters are listed in Table I, and the calculated mass
spectrum is compared with experimental and lattice data in
Table II. In the truncated harmonic oscillator basis
(Nosc ≤ 2, L ¼ 0), we obtain the physical baryon states
as configuration mixtures of the basis states. The fitted
constituent quark masses and these configuration mixed
baryon wave functions are directly adopted in our sub-
sequent calculations of the hyperon semileptonic decay
form factors and decay observables. The explicit configu-
ration mixing coefficients for all light, singly heavy, and
doubly heavy baryons included in the spectrum fit are
collected in Table XIV of Appendix C.

III. SEMILEPTONIC DECAY

In the R3QM framework, we calculate all kinematically
allowed octet-to-octet hyperon semileptonic decays. The

TABLE I. Parameters of the semirelativistic potential model.

mu=d (MeV) ms (MeV) mc (MeV) mb (MeV)

368.5 460.7 1550.8 5005.7

gOGEu=d gOGEs gOGEc gOGEb

0.9445 0.7592 0.3888 0.4245

Asm (GeVBsm−1) Bsm b (GeV2) C0 (MeV)
0.9425 0.8869 0.1472 −654.7
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constituent quark masses and baryon rest-frame wave
functions are taken from the spectrum calculation in
Sec. II, leaving no additional free parameters in the weak
matrix elements. The transition matrix elements are calcu-
lated in the impulse approximation, with final-state recoil
and Wigner spin rotations implemented through the
Bakamjian-Thomas boost [77,78]. From these helicity
amplitudes, we obtain the decay widths by phase space
integration and extract the corresponding octet-to-octet
form factors.

A. Weak transition amplitudes

At tree level, the leptonic and hadronic weak currents are
connected by the virtual W boson propagator. The tran-
sition amplitude is then given by [66],

Mðsl;sν̄;λf;λiÞ¼
GFffiffiffi
2

p VCKMLμ
−ðsl;sν̄ÞgμνHνðλf;λi;Pi;PfÞ;

ð21Þ

where GF is the Fermi constant and VCKM is the Cabibbo-
Kobayashi-Maskawa (CKM) matrix element for the
selected flavor transition. Here Lμ

− is the charge-lowering
leptonic current, while Hν is the hadronic weak current
matrix element. The labels λi and λf are the initial and final
baryon helicities, while sl and sν̄ are the charged lepton and
antineutrino spin labels.
The leptonic current is

Lμ
−ðsl; sν̄Þ ¼ ūlðpl; slÞγμð1 − γ5Þvν̄ðpν; sν̄Þ: ð22Þ

Here pl ¼ ðEl; plÞ and pν ¼ ðEν; pνÞ are the charged
lepton and antineutrino four momenta, ml is the charged

lepton mass, and Eν ¼ jpνj is used for the massless
antineutrino. The charge raising case follows by inter-
changing the charged lepton and neutrino spinors together
with the corresponding momentum relabeling.
In the impulse approximation, the hadronic weak current

is taken as a sum of one-body quark currents, and the
baryon transition matrix element is defined by

Hνðλf;λi;Pi;PfÞ≡
X3
j¼1

hBfðPf;λfÞjJνjð0ÞjBiðPi;λiÞi: ð23Þ

Here Pi and Pf denote the initial and final baryon four
momenta. For each term in the sum, Jνj acts on quark line j,
while the remaining two quark lines are spectators. The
spatial overlap is calculated in the initial baryon rest frame,
Pi ¼ ðMi; 0Þ, with the initial spatial wave function
expressed in the Jacobi momenta ðkρ; kλÞ.
In the Bakamjian-Thomas (BT) formalism [77,78], the

final baryon spatial wave function in the moving frame is
related to the rest-frame wave function by [79–81]

ψ
ðPfÞ
f ðfp0agÞ ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
J fðfp0ag;PfÞ

q
ψ ð0Þ
f ðfk0agÞ: ð24Þ

Here p0
a ¼ ðe0a; p0aÞ and k0a ¼ ðϵ0a; k0aÞ denote the constitu-

ent quark four momenta in the final baryon moving frame
and rest frame, respectively, with k0μa ¼ ½Λ−1ðPfÞ�μνp0ν

a .
The Jacobi variables on the two sides are defined with the
same convention. The corresponding boost Jacobian is

J fðfp0ag;PfÞ ¼
Ef

Mf

Y3
a¼1

ϵ0a
e0a

; ð25Þ

TABLE II. Ground state baryon masses obtained with the semirelativistic potential model, compared with the reference masses used in
the fit. All masses are in MeV. The 12 model parameters are determined by minimizing χ2 ¼PhðMh;thy: −Mh;ref:Þ2=σ2h for the 26
reference masses listed in the table. A common fitting uncertainty σh ¼ 5 MeV is used for all states. The experimental masses of the 23
observed light and singly heavy baryons are taken from the RPP [66]. The lattice QCD result MΩ�

b
≃ 6085 MeV [74] is used for the

unobservedΩ�
b. For the doubly charmed baryons, the reference mass of the isospin symmetric Ξcc state is set to the measured Ξþþ

cc mass,
MΞþþ

cc
≃ 3622 MeV [75]. The preliminary result of the LHCb Collaboration, MΩþ

cc
≃ 3726 MeV [76], is used for Ωcc. The fit gives

χ2=d:o:f: ¼ 148.76=14 ¼ 10.63.

Light baryons Charmed baryons Bottom baryons

States Mthy: Mref: States Mthy: Mref: States Mthy: Mref:

p 947 938 Λc 2281 2286 Λb 5611 5620
Δ 1251 1235 Σc 2448 2453 Σb 5803 5811
Λ 1123 1116 Σ�

c 2498 2519 Σ�
b 5827 5830

Σ 1180 1193 Ξc 2465 2469 Ξb 5799 5794
Σ� 1397 1385 Ξ0

c 2580 2579 Ξ0
b 5936 5935

Ξ 1319 1318 Ξ�
c 2624 2646 Ξ�

b 5956 5952
Ξ� 1535 1533 Ωc 2706 2695 Ωb 6062 6046
Ω 1666 1672 Ω�

c 2743 2766 Ω�
b 6079 6085

Ξcc 3633 3622
Ωcc 3753 3726
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where a ¼ 1, 2, 3 runs over the three constituent quark
lines in the final baryon, e0a ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðm0

aÞ2 þ ðp0aÞ2
p

,

ϵ0a ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðm0

aÞ2 þ ðk0aÞ2
p

, and Ef ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
M2

f þ P2
f

q
.

The boost in Eq. (24) carries the final baryon spatial
wave function to the recoil frame. It also acts on the spin
part of the baryon wave function. Since the canonical boost
of the baryon is not, in general, collinear with the boosts of
the individual quarks [82], the spin wave function acquires
Wigner rotations [83,84]. For a constituent quark of massm
and a baryon of mass M, the corresponding spinor boost
matrices are

SmðpÞ ¼
ðeþmÞI2þ σ · pffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2mðeþmÞp ; SMðPÞ ¼
ðEþMÞI2þ σ ·Pffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2MðEþMÞp :

ð26Þ

where I2 denotes the 2 × 2 identity matrix. For a constitu-
ent quark with rest frame momentum k in a baryon of
momentum P, the corresponding moving frame momen-
tum is

p ¼ kþ P
M

�
ϵþ P · k

EþM

�
: ð27Þ

The Wigner rotation is then the mismatch between the
direct constituent quark boost and the boost induced
through the baryon [85,86],

Dðk;P;m;MÞ≡ S−1m ðpÞSMðPÞSmðkÞ: ð28Þ

Multiplying the three 2 × 2 boost matrices gives the Pauli
form

Dðk;P;m;MÞ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
EþM

p

ðeþ ϵÞ ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2MðeþmÞðϵþmÞp

× f½ðeþmÞðϵþmÞ
þ p · k�I2 þ iσ · ðp × kÞg: ð29Þ

For the active transition qi → qf, the weak vertex is
taken in the V − A form

½Oνðp0j; pjÞ�s
0
jsj ¼ ūqfðp0

j; s
0
jÞγνð1 − γ5Þuqiðpj; sjÞ; ð30Þ

where pj ¼ ðej; pjÞ and p0
j ¼ ðe0j; p0jÞ are the initial and

final four momenta of quark line j. The Wigner rotations
are then attached to the initial and final spin lines of quark j,

½Oν
W;j�s

0
jsj

¼ ½D†ðk0j;Pf;m0
j;MfÞOνðp0j; pjÞDðkj;Pi;mj;MiÞ�s

0
jsj :

ð31Þ

For a spectator quark r ≠ j with constituent quark massmr,
the three momentum is unchanged in the calculation frame,
p0r ¼ pr, whereas kr and k0r are defined in the initial and
final baryon rest frames. The spectator spin line is repre-
sented by the normalized scalar overlap

Sr ¼
1

2
Tr½D†ðk0r;Pf;mr;MfÞDðkr;Pi;mr;MiÞ�; ð32Þ

where the factor 1
2
normalizes the trace over the two-

dimensional spectator spin space.
Substituting the configuration expansion [Eq. (11)] into

Eq. (23), the hadronic transition matrix element is
expressed as

Hνðλf; λi;Pi; PfÞ

¼
X3
κf¼1

X3
κi¼1

ðcBf;1=2
κf Þ�cBi;1=2

κi Hν
κfκiðλf; λi;Pi; PfÞ; ð33Þ

where Hν
κfκi is the transition matrix element between the

unmixed basis configurations jBi;κii and jBf;κfi,

Hν
κfκiðλf;λi;Pi;PfÞ≡

X3
j¼1

hBf;κfðPf;λfÞjJνjð0ÞjBi;κiðPi;λiÞi:

ð34Þ

In the impulse approximation, the single-quark transition
matrix element for a given spatial-spin-flavor component
product takes the form

hΨfΦfðλfÞjJνjð0ÞjΨiΦiðλiÞi ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2Ei2Ef

p Z
d3kρ
ð2πÞ3

d3kλ
ð2πÞ3

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
J fðfp01; p02; p03g;PfÞ

p
ffiffiffiffiffiffiffiffiffiffiffi
4eje0j

q
 Y

r≠j
Sr

!

× Ψ̃�
fðk0ρ; k0λÞΨ̃iðkρ; kλÞ

X
α;β

hΦfðλfÞjF̂qfqi
j Ŝαβj jΦiðλiÞi½Oν

W;j�αβ: ð35Þ

Here, Ψ̃iðkρ; kλÞ and Ψ̃�
fðk0ρ; k0λÞ are the momentum space spatial wave functions obtained by Fourier transforming the

coordinate space wave functions determined from the baryon mass spectrum in Sec. II. The factor
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2Ei2Ef

p
arises from the

covariant normalization of the external baryon states, while the boost Jacobian J f and spectator spin overlap Sr (r ≠ j) are
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given in Eqs. (25) and (32), respectively. The flavor
operator F̂

qfqi
j ¼ b̂†qfðjÞb̂qiðjÞ and spin projector Ŝαβj ¼

jαijjhβj (α; β∈ f↑;↓g) act on the active quark line j,
and ½Oν

W;j�αβ is the effective weak vertex in Eq. (31).
The flavor overlap and spin transition matrix elements in

Eq. (35) are defined as

Ifi;jζfζi
≡ hϕζf

8;Bf
jF̂qfqi

j jϕζi
8;Bi

i; ð36Þ

ðCσfσi;jλfλi
Þαβ ≡ hχσf1=2;λf jŜ

αβ
j jχσi1=2;λii; ð37Þ

where ζf; ζi ∈ fρ; λg and σf; σi ∈ fρ; λg denote the flavor
and spin components, respectively. Using the explicit flavor
wave functions in Appendix A, the flavor overlap factors
Ifi;jζfζi

for various decay channels are calculated and listed in

Table III. More details on the spin transition matrix
elements, the SU(6) spin-flavor recoupling, and the explicit

expressions for the blocks Cþ, C×, and C− are presented in
Appendix D.
Since the total wave functions are symmetric under the

permutation of identical quarks, the sum over the three
quark lines in Eq. (34) reduces to three times the repre-
sentative contribution from quark line j ¼ 3. Combining
the nine configuration matrix elements Hν

κfκi through
Eq. (33), one obtains the total hadronic matrix element
Hνðλf; λi;Pi; PfÞ, which determines the decay amplitude
M in Eq. (21).

B. Octet to octet form factors in the helicity basis

To compare the R3QM matrix elements with other form
factor calculations, we project them onto a covariant basis.
For spin 1

2
→ 1

2
octet transitions, we separate the hadronic

weak current into its vector and axial-vector parts,

Jνhad ¼ JνV − JνA; ð38Þ

and define the corresponding current matrix elements by

Hν
V=Aðλf; λi;Pi; PfÞ≡ hBfðPf; λfÞjJνV=Að0ÞjBiðPi; λiÞi: ð39Þ

The full current matrix element is then Hν ¼ Hν
V −Hν

A. With qν ¼ Pν
i − Pν

f and M ¼ Mi, the on shell decompositions are
given by [3,44],

Hν
Vðλf; λi;Pi; PfÞ ¼ ūfðPf; λfÞ

�
f1ðq2Þγν − i

f2ðq2Þ
M

σναqα þ
f3ðq2Þ
M

qν
�
uiðPi; λiÞ; ð40Þ

TABLE III. Static SU(6) spin-flavor coefficients for semileptonic decays of the hyperon octet. The reduced overlaps Ifiρρ and Ifiλλ are
obtained from the ρρ and λλ components of the octet wave function in Eq. (8). Their spin parts correspond to spectator pair spins s12 ¼ 0
and s12 ¼ 1, respectively. Here fstat:1 is the corresponding SU(3) Clebsch-Gordan coefficient, and gstat:1 is the Cabibbo F-D combination
[1–3] evaluated at the static SU(6) values F ¼ 2=3 andD ¼ 1 [87,88]. The static columns follow the Chen phase convention adopted in
the present work [89]. The Cabibbo columns follow the Cabibbo-Rabl convention [3,90].

Decay process Type Scale Ifiρρ Ifiλλ fstat:1 gstat:1 fCab:1 gCab:1

Λ → p ΔS ¼ 1 Vus

ffiffi
2
3

q
0

ffiffi
3
2

q ffiffi
3
2

q
−

ffiffi
3
2

q
−

ffiffi
3
2

q
ðF þ D

3
Þ

Σ− → n ΔS ¼ 1 Vus 0 − 2
3

−1 1
3

−1 D − F
Σ− → Λ ΔS ¼ 0 Vud − 1ffiffi

6
p 1ffiffi

6
p 0 −

ffiffi
2
3

q
0

ffiffi
2
3

q
D

Σ− → Σ0 ΔS ¼ 0 Vud
1ffiffi
2

p 1

3
ffiffi
2

p
ffiffiffi
2

p
2
ffiffi
2

p
3

ffiffiffi
2

p ffiffiffi
2

p
F

Σ0 → Σþ ΔS ¼ 0 Vud
1ffiffi
2

p 1

3
ffiffi
2

p
ffiffiffi
2

p
2
ffiffi
2

p
3

−
ffiffiffi
2

p
−
ffiffiffi
2

p
F

Σ0 → p ΔS ¼ 1 Vus 0 −
ffiffi
2

p
3

− 1ffiffi
2

p 1

3
ffiffi
2

p − 1ffiffi
2

p 1ffiffi
2

p ðD − FÞ
Σþ → Λ ΔS ¼ 0 Vud

1ffiffi
6

p − 1ffiffi
6

p 0
ffiffi
2
3

q
0

ffiffi
2
3

q
D

Ξ− → Λ ΔS ¼ 1 Vus − 1ffiffi
6

p − 1ffiffi
6

p −
ffiffi
3
2

q
− 1ffiffi

6
p

ffiffi
3
2

q
− 1ffiffi

6
p ðD − 3FÞ

Ξ− → Ξ0 ΔS ¼ 0 Vud 0 2
3

1 − 1
3

−1 D − F
Ξ− → Σ0 ΔS ¼ 1 Vus

1ffiffi
2

p − 1

3
ffiffi
2

p 1ffiffi
2

p 5

3
ffiffi
2

p 1ffiffi
2

p 1ffiffi
2

p ðDþ FÞ
Ξ0 → Σþ ΔS ¼ 1 Vus 1 − 1

3
1 5

3
1 Dþ F
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Hν
Aðλf; λi;Pi; PfÞ ¼ ūfðPf; λfÞ

�
g1ðq2Þγνγ5 − i

g2ðq2Þ
M

σναqαγ5 þ
g3ðq2Þ
M

qνγ5
�
uiðPi; λiÞ; ð41Þ

where σνα ≡ i½γν; γα�=2.
At each q2, the R3QM overlap is calculated for fixed

initial and final baryon helicities and for one Cartesian
component of the weak current in the initial baryon rest
frame. The boost of the final baryon, the Wigner rotations
of the constituent quark spins, and the spatial overlap of the
baryon wave functions are all contained in this matrix
element. The direct output of the calculation is the current
matrix element Hν

V=Aðλf; λiÞ. The form factors are obtained
after these current matrix elements are matched to the
covariant decompositions in Eqs. (40) and (41). The three
vector components determine f1, f2, and f3, while the
corresponding axial-vector components determine g1, g2,
and g3, giving two 3 × 3 linear systems.
The same current matrix element is used differently in

related approaches. In light front quark model calculations,
one usually chooses a light front frame and the good current
Jþ, whose spin conserving and spin flip matrix elements
give compact projections for f1, f2, g1, and g2 [44,91]. In
helicity amplitude descriptions of decay rates and angular
distributions, the same current matrix element is used at a
later step. After the weak current is expressed in terms of
form factors, its Lorentz index is contracted with the virtual
W polarization vectors, Hλf;λW ¼ ϵ�νðλWÞHνðλf; λiÞ, to form
the W helicity amplitudes [92–95]. This projection reor-
ganizes the decay amplitude, but it is not the projection
adopted here for the form factor extraction. In the present
instant form calculation, the independent inputs are
Cartesian components of Hν in the initial baryon rest
frame, and these components are matched directly to the
vector and axial-vector form factor decompositions.

For the projection below, we introduce the following
recoil variables:

Ef ¼ M2
i þM2

f − q2

2Mi
; jPfj ¼

λ1=2ðM2
i ;M

2
f; q

2Þ
2Mi

;

R ¼ jPfj
Ef þMf

; N ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2MiðEf þMfÞ

q
; ð42Þ

where λða; b; cÞ ¼ a2 þ b2 þ c2 − 2ab − 2ac − 2bc. The
coefficients in the projection equations are fixed by the
corresponding Dirac bilinears of these spinors. For exam-
ple, the time component of the vector current without
helicity flip gives

ūfγ0ui ¼ N ; ūfui ¼ N ;

ūfð−iσ0αqαÞui ¼ N ðMf − EfÞ; ð43Þ

where the tensor bilinear follows from the Gordon identity
for −iσναqα, with Pν ¼ Pν

i þ Pν
f. With q0 ¼ Mi − Ef in the

decay convention, the f1, f2, and f3 terms in H0
Vð12 ; 12Þ

contribute N f1ðq2Þ, −N ðEf −MfÞf2ðq2Þ=M, and
N ðMi − EfÞf3ðq2Þ=M, respectively. The longitudinal
component without helicity flip and the transverse compo-
nent with helicity flip are matched by the same spinor
algebra. The six Cartesian components of the vector and
axial-vector currents for the projection are

H0
V

�
1

2
;
1

2

�
¼ N

�
f1ðq2Þ −

Ef −Mf

M
f2ðq2Þ þ

Mi − Ef

M
f3ðq2Þ

�
; ð44Þ

H3
V

�
1

2
;
1

2

�
¼ N

�
Rf1ðq2Þ þ R

Mi − Ef

M
f2ðq2Þ −

jPfj
M

f3ðq2Þ
�
; ð45Þ

H1
V

�
−
1

2
;
1

2

�
¼ −NR

�
f1ðq2Þ þ

Mi þMf

M
f2ðq2Þ

�
; ð46Þ

H0
A

�
1

2
;
1

2

�
¼ N

�
Rg1ðq2Þ þ

jPfj
M

g2ðq2Þ − R
Mi − Ef

M
g3ðq2Þ

�
; ð47Þ

H3
A

�
1

2
;
1

2

�
¼ N

�
g1ðq2Þ −

Mi − Ef

M
g2ðq2Þ þ R

jPfj
M

g3ðq2Þ
�
; ð48Þ
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H1
A

�
−
1

2
;
1

2

�
¼ N

�
g1ðq2Þ −

Mi −Mf

M
g2ðq2Þ

�
: ð49Þ

Inverting the six vector and axial-vector currents relations above gives

f2ðq2Þ ¼ −
M

2MiN

�
H0

V

�
1

2
;
1

2

�
þMi − Ef

jPfj
H3

V

�
1

2
;
1

2

�
þ
�
1

R
þMi − Ef

jPfj
�
H1

V

�
−
1

2
;
1

2

��
; ð50Þ

f1ðq2Þ ¼ −
Mi þMf

M
f2ðq2Þ −

H1
Vð− 1

2
; 1
2
Þ

NR
; ð51Þ

f3ðq2Þ ¼
M

Mi − Ef

�
H0

Vð12 ; 12Þ
N

− f1ðq2Þ þ
Ef −Mf

M
f2ðq2Þ

�
: ð52Þ

g2ðq2Þ ¼
M

2MiN

�
1

R
H0

A

�
1

2
;
1

2

�
þMi − Ef

RjPfj
H3

A

�
1

2
;
1

2

�
−
�
1þMi − Ef

RjPfj
�
H1

A

�
−
1

2
;
1

2

��
; ð53Þ

g1ðq2Þ ¼
H1

A

�
− 1

2
; 1
2

�
N

þMi −Mf

M
g2ðq2Þ; ð54Þ

gnp3 ðq2Þ ¼ M
RjPfj

"
H3

A

�
1
2
; 1
2

�
N

− g1ðq2Þ þ
Mi − Ef

M
g2ðq2Þ

#
: ð55Þ

The above equations are the algebraic inverse of the
selected current component system. This inverse cannot
be evaluated literally at the zero recoil endpoint. At
q2 ¼ ðMi −MfÞ2, one has jPfj ¼ 0 and RjPfj ¼ 0, so
the selected components are no longer independent. We
therefore extract the form factors at nonzero recoil and use
their smooth limit for the end point values.
The inversion above gives the regular overlap part of the

octet form factors. We use it for f1, f2, f3, g1, and g2. The
induced pseudoscalar form factor needs a separate treat-
ment, because the axial-vector divergence contains the
corresponding Goldstone boson pole term. Thus, we deter-
mine the physical g3 from the divergence of the axial-vector
current. Contracting Eq. (41) with qν and using the on-shell
Dirac equations gives

qνHν
Aðλf; λiÞ ¼

�
−ðMi þMfÞg1ðq2Þ þ

q2

M
g3ðq2Þ

�
× ūfðPf; λfÞγ5uiðPi; λiÞ: ð56Þ

Keeping the pseudoscalar pole contribution, the axial-vector
divergence is approximated by [96]

qνHν
Aðλf; λiÞ ≃

fPm2
PgPBiBf

m2
P − q2

ūfðPf; λfÞγ5uiðPi; λiÞ; ð57Þ

where P ¼ π for jΔSj ¼ 0 and P ¼ K for jΔSj ¼ 1. Using
the pseudoscalar pole prescription and the generalized
Goldberger-Treiman relation [97], the pole part of the
induced pseudoscalar form factor is fixed by the axial form
factor g1 and takes the generalized pseudoscalar pole form
[29,31]:

g3ðq2Þ ≃ −
MðMi þMfÞ

m2
P − q2

g1ðq2Þ: ð58Þ

The g3 in the decay amplitudes below is therefore recon-
structed by the pole prescription in Eq. (58), whereas gnp3
denotes only the smooth overlap contribution without
the pole.

C. Static spin-flavor coefficients and Cabibbo mapping

In the Cabibbo theory, the hyperon semileptonic decay
matrix elements at zero momentum transfer are parame-
trized by the symmetric and antisymmetric SU(3) couplings
D and F [1–3]. To establish the connection between our
quark model calculation and the Cabibbo framework, we
calculate the leading form factors f1 and g1 in the static
SU(6) limit. In this limit, each baryon is approximated by
its unmixed ground state configuration jB8

1; 1=2
þi in

Eq. (8), the spatial wave function overlap is set to unity,
and relativistic corrections (such as the boost Jacobian and
Wigner rotations) are neglected.
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Substituting the ground state wave function
jB8

1; 1=2
þi ¼ 1ffiffi

2
p ðϕρ

8χ
ρ
1=2 þ ϕλ

8χ
λ
1=2ÞΨs

000 into the hadronic

matrix element, the single-quark weak current operator
acting on quark line j ¼ 3 gives

hBf;1jÔ3jBi;1i ¼
1

2
ðIfiρρhχρ1=2jŜ3jχρ1=2i þ Ifiλλhχλ1=2jŜ3jχλ1=2iÞ;

ð59Þ

where the cross terms between the ρ and λ components
vanish because the single quark operator preserves the
exchange symmetry of the (12) spectator pair. Here, Ifiρρ ≡
Ifi;3ρρ and Ifiλλ ≡ Ifi;3λλ denote the flavor overlap integrals for
the third quark line (j ¼ 3) defined in Eq. (36). Taking into
account the sum over the three identical constituent quarks,
the total static matrix element acquires an overall prefactor
of 3 × ð1=2Þ ¼ 3=2.
For the vector form factor f1, the active quark spin

operator is the unit operator, yielding hχρ1=2jÎjχρ1=2i ¼
hχλ1=2jÎjχλ1=2i ¼ 1. For the axial-vector form factor g1, the
spin operator σz gives þ1 for the spin-singlet (s12 ¼ 0)
spectator pair in χρ1=2 and −1=3 for the spin-triplet (s12 ¼ 1)

spectator pair in χλ1=2. The static form factors are therefore
given by

fstat:1 ¼ 3

2
ðIfiρρ þ IfiλλÞ; gstat:1 ¼ 3

2

�
Ifiρρ −

1

3
Ifiλλ

�
: ð60Þ

The flavor overlap factors Ifiρρ and I
fi
λλ for all hyperon decay

channels are listed in Table III. In the static SU(6) limit,
Eq. (60) reproduces the standard SU(6) relations F ¼ 2=3
and D ¼ 1 [87,88]. For instance, for Ξ0 → Σþl−ν̄l, one
has Ifiρρ ¼ 1 and Ifiλλ ¼ −1=3, which gives fstat:1 ¼ 1 and
gstat:1 ¼ 5=3 ¼ F þD. The corresponding static coeffi-
cients expressed in terms of F and D are listed in the last
two columns of Table III for comparison. In our full R3QM
calculation, the physical form factors depart from these
static values due to the configuration mixing in the baryon
wave functions, the momentum dependent spatial wave
function overlaps, and the relativistic recoil and Wigner
rotation effects.
For jΔSj ¼ 1 transitions, the Ademollo-Gatto theorem

protects the vector form factor f1ð0Þ against first order SU
(3) breaking corrections [98]. By contrast, the axial-vector
form factor g1ð0Þ receives no such protection. Its deviation
from the static SU(6) reference value is generated by the
lower components of the Dirac spinors, the mass-dependent
Wigner rotations, and the spatial mismatch between the
initial and boosted final baryon wave functions [44].
Some coefficients in Table III differ by a common sign

between the static columns and the Cabibbo comparison
columns, since we follow the Chen convention [89] which
is different from the Cabibbo-Rabl convention [3,90]. In the

Chen convention, it carries an extra minus sign for the Σþ,
Λ, and Ξ0 fields [99]. Specifically, the Λ → p, Σ− → Λ,
Σ0 → Σþ, Ξ− → Λ, and Ξ− → Ξ0 channels carry a
common minus sign, while the other listed octet channels
show no sign difference. This common sign flips f1 and g1
simultaneously and has no effect on decay widths or ratios
such as g1=f1. For the Σ0 → Σþ channel, we take fCab:1 ¼
−
ffiffiffi
2

p
in the Cabibbo comparison column. This sign

preserves the isospin relation with the Σ− → Σ0 transition,
and the þ ffiffiffi

2
p

sign given in Ref. [3] is not adopted in the
present comparison.

D. The experimental observation variables

For an unpolarized initial hyperon, averaging jMj2 over
the initial spin and summing over the final state spins gives
the differential decay width [66]

dΓ ¼ ð2πÞ4
2Mi

1

2Ji þ 1

X
λi;λf;sl;sν̄

jMj2δð4ÞðPi − Pf − pl − pνÞ

×
d3Pf

ð2πÞ32Ef

d3pl
ð2πÞ32El

d3pν
ð2πÞ32Eν

: ð61Þ

Integrating Eq. (61) over the three-body phase space yields
the partial decay width Γ. The branching fraction B ¼ Γτ is
then obtained by combining this partial width with the
experimental hyperon lifetime τ from the RPP [66]. It
should be emphasized that we do not theoretically calculate
the total decay width or lifetime of the initial hyperon;
rather, the experimental lifetime is adopted as an external
input to convert the predicted semileptonic partial width
into the corresponding branching fraction.
Besides the decay width and branching fraction, the

angular distributions of the decay products in hyperon
semileptonic decays provide important observables to
probe the structure of the weak current [3,94]. In the initial
hyperon rest frame, these angular observables include the
lepton-antineutrino correlation αlν for an unpolarized
hyperon, and three spin asymmetry parameters αl, αν,
and αB when the initial hyperon is polarized [2,3,100]. The
opening angle between the charged lepton and the anti-
neutrino is defined as

cos θlν ¼ p̂l · p̂ν; ð62Þ

where p̂l and p̂ν are the unit three momenta of the charged
lepton and antineutrino, respectively. The differential decay
rate is parametrized as [100]

dΓ
d cos θlν

¼ Γ
2
ð1þ αlν cos θlνÞ: ð63Þ

Integrating the differential width over the three-body phase
space, the correlation parameter αlν is extracted from the
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forward-backward asymmetry [2,100]:

αlν ¼ 2
ΓF
lν − ΓB

lν

ΓF
lν þ ΓB

lν
; ð64Þ

where ΓF
lν and ΓB

lν denote the partial decay widths
integrated over the forward (cos θlν > 0) and backward
(cos θlν < 0) hemispheres, respectively.
For a polarized initial hyperon, the three spin asymmetry

parameters αl, αν, and αB characterize the angular corre-
lations between the hyperon spin polarization and the
momentum directions of the final-state particles. Taking
the polarization vector along the Ẑ axis, Pi ¼ PiẐ, the
directional cosines of the decay products are defined by

cosθl ¼ Ẑ · p̂l; cosθν ¼ Ẑ · p̂ν; cosθB ¼ Ẑ · p̂f: ð65Þ

With the initial spin density matrix ρi ¼ 1
2
ðI2 þPi · σÞ

[94], the differential decay rate for each emission angle
takes the form [94,100]

dΓ
d cos θX

¼ Γ
2
ð1þ PiαX cos θXÞ; ð66Þ

where X∈ fl; ν; Bg. The asymmetry parameter αX is then
determined by the forward-backward asymmetry [100,101]

αX ¼ 2

Pi

ΓF
X − ΓB

X

ΓF
X þ ΓB

X
; ð67Þ

where ΓF
X and ΓB

X are the partial decay widths integrated
over the forward (cos θX > 0) and backward (cos θX < 0)
hemispheres, respectively.
The lepton asymmetry parameters αl and αν are directly

calculated from Eq. (67) by integrating the polarized decay
distribution over the forward and backward hemispheres.
For the final baryon asymmetry αB, it can be conveniently
expressed in terms of the helicity amplitudes Hλf;λW

[93,94]. In the initial hyperon rest frame, by choosing
the z axis along the final baryon momentum p̂f, the reduced
decay rates for the initial spin states λi ¼ �1=2 at a given
q2 are expressed as

R� ¼
�
1þ m2

l

2q2

��
jH�1

2
;0j2þjH∓1

2
;∓1j2

�
þ3m2

l

2q2
jH�1

2
;tj2:

ð68Þ

The differential asymmetry αBðq2Þ is then given by

αBðq2Þ ¼
Rþðq2Þ − R−ðq2Þ
Rþðq2Þ þ R−ðq2Þ

: ð69Þ

Integrating αBðq2Þ weighted with the differential decay
width dΓ=dq2 over the physical q2 region, we obtain the

total integrated asymmetry:

αB ¼ 1

Γ

Z ðMi−MfÞ2

m2
l

dq2
dΓ
dq2

αBðq2Þ: ð70Þ

To illustrate the connection between these angular
observables and the leading form factors f1 and g1, we
consider the leading-order allowed approximation [2,100].
Neglecting recoil and lepton mass effects, for the Bi →
Bfl−ν̄l mode these observables reduce to the simple
analytical relations

αlν ≃
f21 − g21
f21 þ 3g21

; ð71Þ

αl ≃
2g1ðf1 − g1Þ
f21 þ 3g21

; ð72Þ

αν ≃
2g1ðf1 þ g1Þ
f21 þ 3g21

; ð73Þ

αB ≃ −
5f1g1

2ðf21 þ 3g21Þ
: ð74Þ

For the corresponding positron mode Bi → Bflþνl, the
V − A chiral projector remains unchanged, whereas replac-
ing the external lepton spinors by their charge-conjugate
counterparts reverses the sign of the antisymmetric Levi-
Civita term in the leptonic tensor [94]. In the allowed
approximation, this sign reversal directly interchanges the
expressions for αl and αν:

αðþÞ
l ≃

2g1ðf1 þ g1Þ
f21 þ 3g21

; αðþÞ
ν ≃

2g1ðf1 − g1Þ
f21 þ 3g21

;

while αlν and αB remain unchanged. These relations clearly
show that

(i) The lepton-neutrino correlation αlν depends only on
the ratio jg1=f1j, approaching þ1 for a pure vector
current (g1 ¼ 0) and −1=3 for a pure axial-vector
current (f1 ¼ 0).

(ii) The lepton asymmetries αl and αν directly probe
the vector and axial-vector interference. For
Bi → Bfl−ν̄l, αl vanishes when f1 ¼ g1, while
αν vanishes when f1 ¼ −g1. For Bi → Bflþνl,
these two conditions are interchanged.

(iii) The baryon asymmetry αB arises from the parity-
violating vector-axial interference. It vanishes if
either f1 ¼ 0 or g1 ¼ 0, and its sign is determined
by the relative sign of g1=f1.

Since the common CKM factor cancels out in these angular
observables, they are free from CKM uncertainties and
provide clean probes of the form factor ratio g1=f1.
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It should be emphasized that the analytical relations in
Eqs. (71)–(74) hold only in the leading-order allowed
approximation. In our practical calculations, all angular
observables are obtained by integrating the complete
transition amplitudes over the full three-body phase space.
Therefore, relativistic effects, including finite recoil, boost
Jacobians, Wigner spin rotations, and nonzero lepton
masses, are fully incorporated into our numerical results.

E. Parameters and form factor conventions

In the numerical calculation of the weak transition
amplitudes, the wave functions and constituent quark
masses are fixed by the spectrum calculation, with no
additional adjustable parameters in the weak matrix
element. The constituent quark masses mq are taken from
Table I, and the spatial wave functions are obtained
variationally from the same potential model. The physical
baryon masses and lifetimes, the charged lepton and
pseudoscalar meson masses, the Fermi constant GF ¼
1.16636 × 10−5 GeV−2, and the CKM elements are taken
from the RPP [66] for the decay widths and branching
fractions.
We compare the calculated form factors f1, g1, f2, g2, f3,

and g3 at q2 ¼ 0 with the available lattice QCD results and
other theoretical predictions. For a uniform comparison, all
form factors reported in the literature are converted to the
present sign and mass denominator conventions. The
conversion is made as follows.

(i) For channels in which the baryon fields differ
by a common minus sign between the Chen and

Cabibbo-Rabl phase conventions, all form factors
for that channel are multiplied by the corresponding
sign factor.

(ii) For works that use ðMi þMfÞ in the denominator of
the subleading form factors, the listed f2, f3, g2, and
g3 are rescaled to the Mi convention before they are
included in the comparison tables.

(iii) For works that define the momentum transfer as
qν ¼ Pν

f − Pν
i with the same Lorentz decomposition,

the signs of f3 and g3 are reversed before com-
parison.

Furthermore, in our R3QM calculation, the induced
pseudoscalar form factor g3 is obtained from the pseudo-
scalar pole form in Eq. (58). For comparisons with other
calculations, the literature values of g3 are converted only
to the present baryon phase, momentum transfer, and mass
denominator conventions. No extra pole contribution
is added.

IV. RESULTS AND DISCUSSION

In this section, we present the calculated semileptonic
decay widths Γ, branching fractions, LFU ratios, and six
form factors for the Λ, Σ, and Ξ semileptonic decays, and
discuss them in comparison with available experimental
data and theoretical predictions. The predicted decay widths
and branching fractions for all channels are systematically
compiled in Tables IV, VI, and X alongside other theoretical
calculations and experimental data. The branching fractions
are shown in Fig. 1, where they are compared with the
average values listed in RPP [66]. Except for the Σ → ne−ν̄e

FIG. 1. Branching fractions for the hyperon semileptonic decays. The upper panel shows the electron channels, and the lower panel
presents the muon channels. The blue circles with error bars denote the experimental averages from RPP [66]. The red crosses represent
the theoretical predictions of this work.
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channel, our results are consistent with the experimental
data. In addition, Fig. 2 shows that the Λ → p form factors
are consistent with the recent lattice QCD results [36].
The empirical Cabibbo parametrization in the last

column of Table III provides a compact way to reorganize
the leading axial-vector form factors. In this comparison,
the vector form factor does not introduce an additional F–D
structure. Its static reference value is fixed by the SU(3)
Clebsch-Gordan coefficient listed in Table III. The Cabibbo
parametrization is applied only to the leading axial-vector
form factor g1ð0Þ. The two calculated axial charges in
Λ → p and Σ− → n form an independent basis for the two
reduced couplings. In this basis, g1ðΛ → pÞ ¼ 0.853 cor-
responds to

ffiffiffiffiffiffiffiffi
3=2

p ðFeff þDeff=3Þ, while g1ðΣ− → nÞ ¼
0.218 corresponds to Deff − Feff . Solving these two equa-
tions gives Feff ¼ 0.468 andDeff ¼ 0.686. Using these two
effective couplings Feff and Deff and the relations given in
the last column of Table III, we derive the g1ð0Þ values for
all transition channels. The largest discrepancy between
these SU(3)-derived values and the direct R3QM results is
merely 6%, confirming that the R3QM calculation pre-
serves excellent consistency with the leading-order flavor
symmetry contributions.
With these experimental and lattice QCD comparisons

included, our model is quite successful in describing the
weak current structure of the hyperon octet, with the
remaining differences mainly appearing in selected weak
magnetism amplitudes. The channel by channel compar-
isons below further compare the decay widths, branching
fractions, LFU ratios, vector charges, and subleading form
factors with the available experimental data and lattice
QCD results.

A. Λ → pl− ν̄l
The Λ → pl−ν̄l transitions are the most precisely

measured hyperon semileptonic channels. In Table IV
and Fig. 1, we present the predicted branching fractions.
These values are consistent with the experimental averages
compiled in RPP [66] and with the recent measurements
by the BESIII Collaboration [63,65] and the LHCb
Collaboration [64]. They also agree with the lattice QCD
[36] and QCD sum rule [39] results listed in Table IV. The
g1=f1 ratio is also consistent with the RPP average value
and the recent BESIII determination in the electron chan-
nel [65,66].
Indeed, f1 and g1 give the dominant contribution to the

branching fractions and the LFU ratio Rμe. The recoil and
charged lepton mass factors suppress the subleading terms
in the total decay rates. The weak magnetism and induced
tensor terms, f2 and g2, appear in the transition current
through the recoil order structure σναqα=Mi. Although these
two terms carry the transverse magnetic response and the
second-class axial-vector current, respectively, the recoil
factor keeps their contributions small in the decay rates.
The induced scalar and induced pseudoscalar structures,
f3qν=Mi and g3qνγ5=Mi, are further suppressed by the
charged lepton mass. Since these terms are proportional to
qν, their contraction with the lepton current gives a factor
qμLμ ¼ mlūlð1 − γ5Þvν̄ for a massless antineutrino. Their
effects are negligible in the electron channels and remain
subleading in the muon channels. For the decay width, the
g3 term is still suppressed, even though the PCAC relation
and the pseudoscalar meson pole increase the magnitude of
g3. Thus, the absolute rates mainly follow the leading vector

FIG. 2. Form factors fiðq2Þ and giðq2Þ in the standard Lorentz decomposition for the Λ → pl−ν̄l decays. The solid lines denote our
R3QM results. The data points with error bands denote the lattice QCD results [36] for comparison.
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and axial-vector part of the helicity amplitudes together with
the available phase space. In Table V, we list the values of
six form factors at q2 ¼ 0, compared with various model
and experimental data.
For the vector form factor f1ð0Þ, flavor SU(3) breaking is

protected by the Ademollo-Gatto theorem [98]. The first-
order correction vanishes, so the vector charge can deviate
from its SU(3) value only at second order. In the present
R3QM calculation, we obtain jf1ð0Þj=jfstat:1 j ≃ 0.954,
where fstat:1 is the SU(3) Clebsch-Gordan vector charge
listed in Table III. This 4.6% reduction is mainly caused by
the constituent quark mass difference, ms=mu ≈ 1.3,
included in the baryon wave functions. The size of this
correction is close to the octet baryon chiral perturbation
theory [16] value (−5.7� 2.1%) and is also compatible
with the recent lattice QCD [36] result jf1ð0Þ=fstat:1 j ¼
0.9674� 0.0047.
The axial-vector form factor g1ð0Þ shows a larger

deviation from its static spin-flavor value than f1ð0Þ.
The axial-vector weak current contains spin operators,
and its matrix element therefore depends directly on the
internal spin polarization of baryons and on the spatial
wave function mismatch induced by ms > mu. The lower
components of the Dirac spinors and mass-dependent
Wigner rotations further suppress the spin-flavor overlap.
All these effects are automatically incorporated in our
calculation through the initial and final baryon wave
functions. The ratio of axial-vector to vector form factors
at zero momentum transfer is g1ð0Þ=f1ð0Þ ≃ 0.730, in good
agreement with the PDG average 0.718� 0.015 [66], the
measurement by Bourquin et al. [55] of 0.70� 0.03, and
the recent BESIII value 0.706þ0.089

−0.086 obtained with the weak

electricity term included in the fit [65]. The strength of the
flavor symmetry breaking effect can be quantified by the
ratio of g1ð0Þ to the static SU(6) reference value gstat:1 listed
in Table III. Our calculation gives a ratio of 0.696, which
falls within the 0.668–0.808 range of theoretical predic-
tions presented in Table V.
For the subleading form factors, the values of f3ð0Þ and

g3ð0Þ in our calculation are still in the range of various
theoretical models, while f2ð0Þ and g2ð0Þ are both much
smaller than those of others. Furthermore, in Fig. 2, we
compare the calculated q2 evolution of the six form factors
for the Λ → pl−ν̄l decays with the recent lattice QCD
results [36]. The leading form factors f1 and g1 show good
agreement with the lattice QCD results in both magnitude
and q2 slope. For the subleading form factors, f3, g2, and g3
also have the same signs and comparable magnitudes,
although their values differ slightly from the lattice QCD
results. The largest separation appears in the weak magnet-
ism form factor f2. Our result is much smaller than that of
the lattice calculation. The recent BESIII Collaboration
[65] measurement gives hf2=f1iexp : ¼ 0.77þ0.53

−0.49 . Its central
value is also larger than our prediction, but the present
experimental uncertainty is still too large to distinguish the
two results.
The suppressed value of f2 reflects how the transverse

magnetic current is generated in the present calculation.
The constituent quarks are treated as pointlike Dirac
particles, and neither anomalous quark magnetic moments
nor explicit exchange currents are introduced. With these
assumptions, the weak magnetism form factor is generated
by recoil kinematics and Wigner spin rotations in the
valence three-quark wave functions, as in instant-form

TABLE IV. Partial decay widths Γ, branching fractions B, and the lepton flavor universality (LFU) ratio Rμe for Λ → pl−ν̄l
(l ¼ e, μ), compared with other theoretical calculations and available experimental data. For theoretical calculations that report only
decay widths (or branching fractions), the corresponding branching fractions (or widths) are obtained via Γ ¼ B=τΛ using the Λ lifetime
τΛ ¼ 2.617 × 10−10 s from RPP [66].

Γð106 s−1Þ Bð10−4Þ
Method l ¼ e l ¼ μ l ¼ e l ¼ μ Rμe

SU(3) IRA [11] 3.18(5) 0.53(1) 8.32(14) 1.40(2) 0.168(4)
LFQM [44] 3.51 0.58 9.19 1.52 0.165
CCQM [50] 3.28 0.57 8.58 1.49 0.174
NR3QM [67] 4.09 0.70 10.70 1.82 0.170

4.51 0.75 11.8 1.95 0.165
QCDSR [39] 2.95(24) 0.52(4) 7.72(64) 1.35(11) 0.175(31)

2.72(27) 0.44(4) 7.12(70) 1.15(11) 0.162(35)
LFD [102] 3.18ðþ12

−21 Þ 0.53ðþ2
−3 Þ 8.32ðþ32

−54 Þ 1.38ðþ5
−9 Þ 0.166ðþ9

−15Þ
3.18ðþ12

−21 Þ 0.50ðþ2
−3 Þ 8.32ðþ32

−54 Þ 1.31ðþ4
−8 Þ 0.158ðþ7

−14Þ
LQCD [36] 2.93(18) 0.51(6) 7.68(48) 1.33(16) 0.1735(98)
BESIII [65] � � � � � � 8.16(22)(15) � � � � � �
BESIII [63] � � � � � � � � � 1.48(21)(8) 0.178(28)
LHCb [64] � � � � � � � � � 1.462(16)(100)(11) 0.175(12)
RPP [66] � � � � � � 8.34(14) 1.51(19) 0.181(23)
This work 2.85 0.47 7.46 1.24 0.166
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calculations with structureless quarks [103]. A related issue
appears in baryon magnetic moments and electromagnetic
magnetic form factors, where pion cloud effects or qqqqq̄
components can add magnetic strength beyond the valence
quark contribution [104–107]. The comparison with other
calculations in Table V makes the same point for weak
magnetism. The axial ratio g1=f1 remains in the common
range of existing calculations. For the weak magnetism
ratio, the present value f2=f1 is much smaller than most
model results, mainly because the weak magnetism
strength is treated differently. In the other models, larger
f2 values usually receive contributions from chiral dynam-
ics, collective motion, configuration mixing, or phenom-
enological magnetic inputs, which add to or effectively
absorb magnetic strength beyond the valence three-quark
core [44,45,47,48,50]. The small f2=f1 in the Λ → p
channel then points to transverse current strength beyond
the three-quark core, which may be supplied by meson
exchange currents, meson cloud dressing, or five-quark
Fock components.
The scalar form factor f3 and the induced tensor form

factor g2 test the flavor breaking part of the overlap. Since
they vanish in the exact SU(3) limit, their nonzero values in
the present calculation arise from the spatial wave function
mismatch induced by flavor symmetry breaking.

The induced pseudoscalar form factor g3 has a separate
origin, being governed mainly by the PCAC relation and
the pseudoscalar meson pole. The direct overlap extraction
gives only a smooth contribution, gnp3 ð0Þ ≈ −1.1, and does
not contain the corresponding kaon pole in the t channel.
We reconstruct this pole contribution using the generalized
Goldberger-Treiman relation in Eq. (58), obtaining
g3ð0Þ ≃ −8.017. This value has the same sign and order

of magnitude as the lattice QCD result, gLQCD3 ð0Þ ≃
−5.14� 0.11 [36], and sets the correct scale of g3 in the
physical decay region, as shown in Fig. 2.
As a whole, the Λ → p transition serves as the reference

channel for the present R3QM calculation. Our calculated
branching fractions, LFU ratio, and leading form factors f1
and g1 are compatible with the available experimental data
and lattice QCD results. For the second-class form factors,
the present three-quark calculation relates f3 and g2 to the
spatial overlap generated by SU(3) breaking. The induced
pseudoscalar form factor g3 is obtained from the PCAC
pole relation. For weak magnetism, the calculated f2 is
smaller than the lattice QCD value, suggesting that the
transverse weak current may not be fully saturated by the
valence three-quark core in this channel. Meson cloud
effects or five-quark components may therefore be relevant
for a more complete description of f2.

TABLE V. Our predicted transition form factors at q2 ¼ 0 for Λ → pl−ν̄l, compared with available experimental information and
other theoretical results. All values are expressed in the unified convention of Sec. III E. The last two columns give the ratios to the static
SU(6) reference values, where jfstat:1 j ¼ jgstat:1 j ¼ ffiffiffiffiffiffiffiffi

3=2
p

. The labels χQM, χQSM, and χCQM denote the chiral quark, chiral quark-
soliton, and chiral constituent quark models, respectively.

Method f1ð0Þ f2ð0Þ f3ð0Þ g1ð0Þ g2ð0Þ g3ð0Þ
LFQM [44] 1.190 0.950 � � � 0.990 0.028 � � �
χQM [45] 1.220 0.913 −0.337 0.820 0.054 −11.407
CCQM [50] 1.226 1.226 −0.067 0.888 0.072 −6.760
χQSM [47] 1.225 0.870 � � � 0.830 � � � � � �
χCQM [48] 1.225 0.563 −0.225 0.909 0.092 −11.244
QCDSR [39] 1.179(75) 0.888(74) � � � 0.843(10) � � � � � �
LFD [102] 1.305ðþ15

−38 Þ 1.139ðþ32
−13 Þ −0.917ðþ144

−182 Þ 0.924ðþ12
−24 Þ 0.269ðþ101

−115 Þ −7.487ðþ1377
−1169 Þ

LQCD [36] 1.185(6) 0.821(19) 0.062(13) 0.818(6) −0.082ð19Þ −5.14ð11Þ
This work 1.169 0.354 0.148 0.853 −0.180 −8.017

Method f2ð0Þ=f1ð0Þ g1ð0Þ=f1ð0Þ g2ð0Þ=f1ð0Þ jf1ð0Þj=jfstat:1 j jg1ð0Þj=jgstat:1 j
LFQM [44] 0.798 0.826 0.023 0.972 0.808
χQM [45] 0.748 0.672 0.044 0.996 0.670
CCQM [50] 1.000 0.724 0.059 1.001 0.725
χQSM [47] 0.710 0.678 � � � 1.000 0.678
χCQM [48] 0.460 0.742 0.075 1.000 0.742
QCDSR [39] 0.752(74) 0.708(47) � � � 0.963(61) 0.688(8)
LFD [102] 0.872ðþ35

−14 Þ 0.708ðþ12
−27 Þ 0.206ðþ77

−89 Þ 1.065ðþ12
−27 Þ 0.755ðþ10

−20 Þ
LQCD [36] 0.693(17) 0.690(4) −0.069ð16Þ 0.967(5) 0.668(4)
BESIII [65] 0.77ðþ53

−49 Þ 0.706ðþ89
−86 Þ −0.19ðþ65

−63 Þ � � � � � �
RPP [66] � � � 0.718(15) � � � � � � � � �
This work 0.303 0.730 −0.154 0.954 0.696
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B. Σ hyperon

The Σ semileptonic decays separate three symmetry
effects. The first is the jΔSj ¼ 1 structure in Σ− →
nl−ν̄l and Σ0 → pl−ν̄l, where the vector charge is fixed
by the SU(3) Clebsch-Gordan coefficient and the axial-
vector strength is given by the small Cabibbo combination
D − F. The neutral mode Σ0 → p shares the same weak
current structure with Σ− → n, but its branching fraction is
strongly suppressed by the short Σ0 lifetime. A different
limit is reached in the ΔS ¼ 0 transitions Σ → Λlν, which
isolate a structure dominated by the axial-vector current
because the leading vector form factor f1 vanishes in the
exact SU(3) limit. The remaining Σ → Σ transitions stay
inside the isotriplet. Their very small phase space makes the
isospin breaking effects visible.
The experimental information is also uneven among

these three groups of Σ transitions. For the measured
Σ− → nl−ν̄l, Σ− → Λe−ν̄e, and Σþ → Λeþνe channels,
Table VI shows that our branching fractions are slightly
lower than the RPP averages, whereas Rμe for Σ− → nl−ν̄l
stays close to the listed value. It should be emphasized that
the present rate comparison is still limited by the exper-
imental data, since the RPP averages for these channels are
largely inherited from legacy fixed target measurements
around 40 years ago [52,54,66]. Future measurements of
the branching fractions and decay distributions would test
whether the lower Σ rates and the axial-vector matrix
elements discussed below are supported by data.

1. Σ− → nl− ν̄l and Σ0 → pl− ν̄l

The Σ− → n and Σ0 → p channels are two isospin
projections of the same s → u weak matrix element
between a Σ hyperon and a nucleon. The charged channel,
Σ− → n, carries the available comparison with experiment
and lattice QCD. The neutral channel, Σ0 → p, gives the
corresponding neutral isospin projection of this matrix
element. In the exact isospin limit, its form factors are
related to those of Σ− → n by the Clebsch-Gordan fac-
tor 1=

ffiffiffi
2

p
.

This isospin relation appears directly in the leading form
factors. For Σ− → n, the static coefficients are fstat:1 ¼ −1
and gstat:1 ¼ D − F ¼ 1=3. For Σ0 → p, they are fstat:1 ¼
−1=

ffiffiffi
2

p
and gstat:1 ¼ 1=ð3 ffiffiffi

2
p Þ. At q2 ¼ 0, the present

calculation gives f1ð0Þ ¼ −0.929 and g1ð0Þ ¼ 0.218 for
Σ− → n, and f1ð0Þ ¼ −0.658 and g1ð0Þ ¼ 0.155 for
Σ0 → p. The corresponding ratios to the static SU(6)
reference values are jf1ð0Þj=jfstat:1 j ≃ 0.929 and
jg1ð0Þj=jgstat:1 j ≃ 0.655 for the charged channel, and 0.930
and 0.656 for the neutral channel. The near equality of
these ratios shows that the neutral channel mainly changes
the flavor Clebsch-Gordan projection.
For the Σ → N pair, the charged channel Σ− → n gives

the direct comparison with lattice QCD and with the
measured g1=f1 ratio. The vector charge is close to its

static SU(6) reference value, with f1ð0Þ ¼ −0.929 and
jf1ð0Þj=jfstat:1 j ≃ 0.929. This ratio is slightly below the
lattice QCD central values 0.957(10) [35] and 0.988(49)
[29], with the size of a moderate Ademollo-Gatto protected
correction [98]. The clearer difference appears in the axial
ratio. The calculated jg1ð0Þ=f1ð0Þj ≃ 0.235 lies below the
RPP average 0.340� 0.017 [66] and the older Tanenbaum
result 0.435� 0.035 [108]. This ratio is governed by the
small D − F matrix element in the axial current. The value
g1ð0Þ ¼ 0.218 is also slightly below the lattice QCD central
value 0.284(53), while g1ð0Þ=f1ð0Þ ≃ −0.235 remains
compatible with the lattice QCD result −0.287ð52Þ within
the present uncertainty [29]. Future measurements would
give a stricter test of the present model. More precise
branching fractions would fix the rate scale, and decay
distributions would determine whether the lower rate is
accompanied by a smaller D − F axial contribution
through g1=f1.
Among the subleading form factors, the weak magnetism

term f2 is the one with direct lattice QCD and RPP
comparison in Σ− → n. It also gives the clearest compari-
son with the Λ → p channel. The present calculation gives
f2ð0Þ ¼ 0.780, which falls within the theoretical range
0.742–1.025 listed in Table VII. After division by f1, this
gives f2ð0Þ=f1ð0Þ ≃ −0.841, also within the corresponding
theoretical range (−1.042 to −0.765) and close to the lattice
QCD central value, −0.852 [29], as listed in Table VII.
With the same sign convention, it is also compatible with
the RPP average ðf2=f1Þexp : ¼ −0.97� 0.14 [66]. Unlike
in Λ → p, where the present value is much smaller than
the lattice QCD result [36], the weak magnetism ratio in
Σ− → n remains close to both comparison values.
The spectator spin decomposition in Table III may

explain why f2=f1 is less suppressed in Σ− → n than in
Λ → p. The Λ → p flavor overlap comes mainly from the
ρρ component, where the spectator pair has s12 ¼ 0. The
Σ− → n flavor overlap instead comes mainly from the λλ
component with s12 ¼ 1. A spin-1 spectator may retain
more of the spin recoupling induced by recoil, so the
transverse magnetic response in the present valence three-
quark calculation with pointlike quark weak currents need
not be as suppressed as in scalar spectator channels such as
Λ → p and Ξ0 → Σþ (discussed below). The Σ− → n
channel then shows how an axial-vector spectator compo-
nent may keep a sizable weak magnetism contribution
without introducing additional nonvalence transverse
currents.

2. Σ− → Λe− ν̄e and Σ+ → Λe+ νe
The ΔS ¼ 0 transitions Σ− → Λe−ν̄e and Σþ → Λeþνe

are related by isospin reflection, and the leading vector
charge vanishes in this pair. In the exact SU(3) flavor limit,
the static coefficients are fstat:1 ¼ 0 and gstat:1 ¼ ∓ ffiffiffiffiffiffiffiffi

2=3
p

, so
the leading transition strength is axial-vector dominated.
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The two charge channels share the same weak transition
dynamics, and the different rates listed in Table VI mainly
reflect the longer lifetime and the larger available phase
space of the Σ− channel.
The leading form factors listed in Table VIII display the

same isospin reflection. With the present phase convention,
the calculation gives f1ð0Þ ¼ þ0.001 and g1ð0Þ ¼ −0.562
for Σ− → Λ, and f1ð0Þ ¼ −0.001 and g1ð0Þ ¼ þ0.564 for

Σþ → Λ; the two vector charges are numerically consistent
with the symmetry limit value zero. The corresponding
axial-vector ratios are jg1ð0Þj=jgstat:1 j ≃ 0.689 and 0.690,
respectively. The nearly equal ratios show that the two
charge channels have the same axial-vector scale, with the
relative sign fixed by the charge convention. For the
measured Σ− → Λ channel, the RPP average ðf1=g1Þexp : ¼
0.01� 0.10 [66] and the WA2 value þ0.034� 0.080 [52]

TABLE VI. Partial decay widths Γ, branching fractions B, and LFU ratios Rμe for semileptonic Σ hyperon decays, compared with
available experimental data and other theoretical results. For theoretical sources that report only branching fractions, the displayed
widths are obtained via Γ ¼ B=τ using the hyperon lifetimes τΣ− ¼ 1.479 × 10−10 s, τΣ0 ¼ 7.4 × 10−20 s, and τΣþ ¼ 0.8018 × 10−10 s
from RPP [66]. The experimental values are taken from RPP [66]; centered dots denote unavailable data, while “Forbidden” denotes
muon modes that are kinematically inaccessible.

Γð106 s−1Þ B

Method l ¼ e l ¼ μ l ¼ e l ¼ μ Rμe

Σ− → nl−ν̄l [B in units of 10−4]
SU(3) IRA [11] 6.88(23) 3.06(10) 10.17(34) 4.53(15) 0.445
LFQM [44] 5.74 2.54 8.49 3.76 0.443
CCQM [50] 6.50 3.15 9.61 4.66 0.485
NR3QM [67] 5.52 2.67 8.16 3.95 0.484

7.00 3.28 10.35 4.85 0.469
QCDSR [39] 6.76(122) 3.20(59) 10.00(180) 4.73(88) 0.473

5.88(95) 2.53(42) 8.70(140) 3.74(62) 0.430
RPP [66] � � � � � � 10.17(34) 4.5(4) 0.442(56)
This work 4.73 2.17 6.99 3.22 0.460

Σ− → Λe−ν̄e [B in units of 10−5]
SU(3) IRA [11] 0.39(2) � � � 5.73(27) � � � � � �
LFQM [44] 0.39 � � � 5.75 � � � � � �
CCQM [50] 0.43 � � � 6.36 � � � � � �
RPP [66] � � � � � � 5.73(27) � � � � � �
This work 0.34 Forbidden 4.98 Forbidden � � �
Σþ → Λeþνe [B in units of 10−5]
SU(3) IRA [11] 0.23(1) � � � 1.88(11) � � � � � �
LFQM [44] 0.24 � � � 1.92 � � � � � �
CCQM [50] 0.26 � � � 2.08 � � � � � �
RPP [66] � � � � � � 2.3(4) � � � � � �
This work 0.20 Forbidden 1.62 Forbidden � � �
Σ0 → pl−ν̄l [B in units of 10−13]
SU(3) IRA [11] 3.26(43) 1.42(19) 2.41(32) 1.05(14) 0.436
LFQM [44] 2.72 1.18 2.01 0.87 0.434
NR3QM [67] 2.54 1.19 1.88 0.88 0.469

3.22 1.46 2.38 1.08 0.453
QCDSR [39] 3.38(95) 1.59(46) 2.50(70) 1.18(34) 0.472

2.95(78) 1.27(34) 2.18(58) 0.94(25) 0.431
This work 2.22 1.00 1.64 0.74 0.449
Σ− → Σ0e−ν̄e [B in units of 10−10]
SU(3) IRA [11] 2.95ð271Þ × 10−6 � � � 4.36(401) � � � � � �
LFQM [44] 1.47 × 10−6 � � � 2.17 � � � � � �
This work 8.49 × 10−7 Forbidden 1.26 Forbidden � � �
Σ0 → Σþe−ν̄e [B in units of 10−20]
SU(3) IRA [11] 4.61ð432Þ × 10−7 � � � 3.41(320) � � � � � �
LFQM [44] 3.65 × 10−8 � � � 0.27 � � � � � �
This work 1.17 × 10−7 Forbidden 0.86 Forbidden � � �
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TABLE VII. Our predicted transition form factors at q2 ¼ 0 for Σ− → nl−ν̄l and Σ0 → pl−ν̄l, compared with available experimental
information and other theoretical results. The last two columns give the ratios to the static SU(6) reference values, where ðfstat:1 ; gstat:1 Þ ¼
ð−1; 1=3Þ for Σ− → n and ð−1= ffiffiffi

2
p

; 1=ð3 ffiffiffi
2

p ÞÞ for Σ0 → p.

Method f1ð0Þ f2ð0Þ f3ð0Þ g1ð0Þ g2ð0Þ g3ð0Þ
Σ− → nl−ν̄l
LFQM [44] −0.970 0.742 � � � 0.270 0.007 � � �
χQM [45] −1.000 1.020 0.471 0.220 −0.017 −4.034
CCQM [50] −1.009 0.971 0.055 0.262 −0.078 −2.199
χQSM [47] −1.000 0.960 � � � 0.270 � � � � � �
χCQM [48] −1.000 1.016 0.345 0.314 0.010 −5.155
QCDSR [39] −0.993 1.025 � � � 0.324 � � � � � �
LQCD [35] −0.957ð10Þ � � � � � � � � � � � � � � �
LQCD [29] −0.988ð49Þ 0.841(450) 0.232(122) 0.284(53) −0.349ð145Þ −3.376ð1834Þ
This work −0.929 0.780 0.011 0.218 −0.050 −2.292

Σ0 → pl−ν̄l
LFQM [44] −0.690 0.524 � � � 0.190 0.005 � � �
QCDSR [39] −0.702 0.725 � � � 0.229 � � � � � �
This work −0.658 0.552 0.007 0.155 −0.035 −1.612

Method f2ð0Þ=f1ð0Þ g1ð0Þ=f1ð0Þ jf1ð0Þj=jfstat:1 j jg1ð0Þj=jgstat:1 j
Σ− → nl−ν̄l
LFQM [44] −0.765 −0.275 0.970 0.811
χQM [45] −1.020 −0.220 1.000 0.661
CCQM [50] −0.962 −0.260 1.009 0.787
χQSM [47] −0.960 −0.270 1.000 0.811
χCQM [48] −1.016 −0.314 1.000 0.943
QCDSR [39] −1.042ð90Þ −0.327ð46Þ 0.993 0.973
LQCD [35] � � � � � � 0.957(10) � � �
LQCD [29] −0.852ð454Þ −0.287ð52Þ 0.988(49) 0.851(160)
RPP [66] −0.97ð14Þ −0.340ð17Þ � � � � � �
This work −0.841 −0.235 0.929 0.655

Σ0 → pl−ν̄l
LFQM [44] −0.759 −0.275 0.976 0.805
QCDSR [39] −1.042ð90Þ −0.327ð46Þ 0.993 0.970
This work −0.839 −0.235 0.930 0.656

TABLE VIII. Our predicted transition form factors at q2 ¼ 0 for Σ → Λ semileptonic hyperon decays, compared with available
experimental information and other theoretical results. The last two columns give f2ð0Þ=g1ð0Þ and g1ð0Þ=gstat:1 , where gstat:1 ¼ −

ffiffiffiffiffiffiffiffi
2=3

p
for Σ− → Λ and gstat:1 ¼ ffiffiffiffiffiffiffiffi

2=3
p

for Σþ → Λ.

Method f1ð0Þ f2ð0Þ f3ð0Þ g1ð0Þ g2ð0Þ g3ð0Þ f2ð0Þ=g1ð0Þ g1ð0Þ=gstat:1

Σ− → Λe−ν̄e
LFQM [44] 0 −1.245 � � � −0.600 0 � � � 2.08 0.735
χQM [45] 0 −1.413 −0.052 −0.550 0.129 124.200 2.57 0.674
CCQM [50] 0.002 −1.206 0.016 −0.633 −0.013 84.446 1.91 0.775
χQSM [47] 0 −1.240 � � � −0.600 � � � � � � 2.07 0.735
χCQM [48] 0 −1.173 −0.041 −0.646 0.079 140.500 1.82 0.791
RPP [66] � � � � � � � � � � � � � � � � � � 2.4(17) � � �
This work 0.001 −0.722 −0.030 −0.562 0.121 79.981 1.28 0.689

Σþ → Λeþνe
LFQM [44] 0 1.237 � � � 0.600 0 � � � 2.06 0.735
χQM [45] 0 1.404 0.046 0.550 −0.114 −108.400 2.55 0.674
χCQM [48] 0 1.165 0.037 0.646 −0.070 −126.900 1.80 0.791
This work −0.001 0.720 0.028 0.564 −0.119 −79.342 1.28 0.690
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both support a small vector charge contribution. The Σþ →
Λ channel has no corresponding form factor measurement,
but the same suppression follows from the matrix element
related by isospin reflection.
The weak magnetism term f2 is the main vector response

left after the vector charge vanishes. We obtain f2ð0Þ ¼
−0.722 and f2ð0Þ=g1ð0Þ ≃ 1.28 for Σ− → Λ, while
f2ð0Þ ¼ þ0.720 and f2ð0Þ=g1ð0Þ ≃ 1.28 for Σþ → Λ.
Our charged channel ratio is compatible with the measured
value ðf2=g1Þexp : ¼ 2.4� 1.7 [52,66], but the present
experimental uncertainty is still too large to determine
the transverse magnetic strength. Compared with CVC and
other model estimates, the main difference is in the size of
f2 itself. Our value jf2ð0Þj ≃ 0.72 is below the CVC
estimate based on octet magnetic moments and also below
the model values around 1.2–1.5 [3,44,45,47,50]. This
smaller weak magnetism strength suggests that the present
valence three-quark calculation with pointlike quark weak
currents may not fully saturate the transverse magnetic
response, leaving room for meson cloud or exchange
current contributions. A more precise measurement of
f2=g1 would determine whether the transverse magnetic
response in Σ → Λ is below the CVC estimate.
The remaining terms have two separate roles. The

induced scalar and induced tensor pieces are small, with
f3ð0Þ ¼ −0.030 and g2ð0Þ ¼ þ0.121 for Σ− → Λ, and
f3ð0Þ ¼ þ0.028 and g2ð0Þ ¼ −0.119 for Σþ → Λ. They
are SU(3) breaking second class components, and their
contributions to the electron widths are suppressed by
recoil kinematics and the qν contraction. The induced
pseudoscalar form factor is different. In the ΔS ¼ 0 Σ →
Λ transitions, the Goldberger-Treiman reconstruction uses
the pion pole rather than the kaon pole of the jΔSj ¼ 1

channels. The replacement of ðm2
K − q2Þ−1 by ðm2

π − q2Þ−1
in Eq. (58) makes the pole factor larger by about m2

K=m
2
π ≃

12 at q2 ¼ 0. This gives g3ð0Þ ¼ þ79.981 for Σ− → Λ and
g3ð0Þ ¼ −79.342 for Σþ → Λ, with the opposite signs
fixed by isospin reflection and the expected pion pole
scale. The Σ− → Λ value is close to the CCQM result
84.446 [50], while the two charge channels stay below but
on the same pion pole scale as the χQMvalues 124.200 and
−108.400 [45].

3. Σ− → Σ0e− ν̄e and Σ0 → Σ+ e− ν̄e
The two transitions inside the Σ isotriplet are driven by

the same isospin raising weak current Iþ. Their branching
fractions in Table VI are tiny because the mass splittings are
small, with an additional suppression in Σ0 → Σþ from the
short Σ0 lifetime. For this pair, the useful comparison is
carried by the form factors rather than by the rates. With the
present phase convention, both channels have fstat:1 ¼ ffiffiffi

2
p

and gstat:1 ¼ 2
ffiffiffi
2

p
=3. At q2 ¼ 0, our calculation yields

f1ð0Þ ¼ 1.413 and g1ð0Þ ¼ 0.671 for Σ− → Σ0, and
f1ð0Þ ¼ 1.414 and g1ð0Þ ¼ 0.671 for Σ0 → Σþ. Relative

to the static SU(6) reference values, jf1ð0Þj=jfstat:1 j ¼ 0.999
and 1.000, while jg1ð0Þj=jgstat:1 j ≃ 0.712 for both channels.
The vector charge is almost fixed at its CVC value, while
the axial-vector charge shows the same relativistic spin
reduction seen in the Σ → N and Σ → Λ channels.
The stable leading form factors preserve the expected

isospin relation, while the subleading form factors require
more caution. The inversion returns the diagnostic central
values f2ð0Þ ¼ 0.154 and 0.153, corresponding to f2=f1 ≃
0.109 and 0.108 for Σ− → Σ0 and Σ0 → Σþ, respectively.
However, the propagated inversion errors of these f2
values, as well as those of f3 and g2, exceed the adopted
resolution criterion in the production run. They are there-
fore marked by daggers in Table IX and are retained only as
diagnostic central values; no quantitative weak magnetism
conclusion is drawn from them here.

C. Ξ hyperon

The Ξ semileptonic channels are separated by the axial-
vector combination and by the available phase space. The
Ξ− → Λl−ν̄l channel contains the small Cabibbo combi-
nationD − 3F, while the Ξ− → Σ0l−ν̄l and Ξ0 → Σþl−ν̄l
pair carries the much larger Dþ F axial-vector strength.
The rare ΔS ¼ 0 channel Ξ− → Ξ0e−ν̄e is instead a near
threshold isodoublet transition controlled mainly by the
tiny Ξ− − Ξ0 mass splitting. Table X lists the corresponding
branching fractions and LFU ratios. For Ξ− → Λe−ν̄e, our
result lies between the current RPP average [66] and the
recent BESIII absolute measurement [109], while our value
for the muon channel is close to the lower side of the broad
RPP average. For the Ξ → Σ pair, our predictions are
consistent with the RPP values for the two electron
channels and with the available information on the muon
channel [66], and the small Rμe values mainly reflect the
narrow phase space near the muon threshold. The rare
Ξ− → Ξ0e−ν̄e channel is strongly suppressed by the tiny
Ξ− − Ξ0 mass splitting and remains far below the current
BESIII upper limit [110].
The Ξ → Σ isospin pair carries the large Cabibbo axial-

vector combinationDþ F. At q2 ¼ 0, the calculation gives
f1ð0Þ ¼ 0.689 and g1ð0Þ ¼ 0.846 for Ξ− → Σ0, and
f1ð0Þ ¼ 0.975 and g1ð0Þ ¼ 1.197 for Ξ0 → Σþ. The neutral
channel amplitudes are nearly

ffiffiffi
2

p
times the charged channel

amplitudes, showing that the sameDþ F matrix element is
combined with the expected isospin Clebsch-Gordan factor.
The common ratio g1ð0Þ=f1ð0Þ ≃ 1.228 is consistent with
the measured values for the isospin-related channel
Ξ0 → Σþ, for which the RPP [66] gives g1=f1 ¼
1.22� 0.05, and the KTeV [60] and NA48=1 [61] results
are 1.32þ0.21

−0.17 � 0.05 and 1.20� 0.05, respectively.
The Ξ− → Λ and Ξ− → Ξ0 channels have different

leading current roles. The Ξ− → Λ channel combines
an Ademollo-Gatto protected jΔSj ¼ 1 vector charge
with the small D − 3F axial-vector combination. Here
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f1ð0Þ ¼ −1.165 stays close to the static SU(6) reference
value −

ffiffiffiffiffiffiffiffi
3=2

p
, while g1ð0Þ=f1ð0Þ ≃ 0.249 agrees with the

RPP average ðg1=f1Þexp : ¼ 0.25� 0.05 [53,66] and
remains compatible with the BESIII value 0.18� 0.07�
0.02 [109]. The measured g1=f1 ratio supports the
small axial-vector scale expected from the D − 3F combi-
nation. For the rare Ξ− → Ξ0 channel, the vector charge
gives f1ð0Þ ¼ 0.999, nearly the CVC value, while
jg1ð0Þj=jgstat:1 j ≃ 0.690 follows the axial-vector reduction
discussed above for the other channels.
Among the subleading form factors, the weak magnetism

term f2 is where the Ξ → Σ pair differs most from other
calculations. For Ξ− → Σ0 and Ξ0 → Σþ, we find
f2ð0Þ=f1ð0Þ ≃ 1.069 and 1.065, respectively. The near
equality of the two ratios shows that the lower weak
magnetism strength is common to the isospin pair, rather
than a difference between the two charge channels. Both
values are below most other central values in Table XI,
which lie around 1.5–2.4, and below the lattice QCD
central value for Ξ0 → Σþ [31]. The smaller weak magnet-
ism term may be connected with the flavor overlap
structure in Table III. In both Ξ → Σ channels, the larger
ρρ overlap contains a scalar spectator pair, whereas the
spin-1λλ component is smaller. The valence three-quark
core may then retain less transverse magnetic strength in
these channels than calculations with additional or effective
magnetic mechanisms. The Ξ− → Λ weak magnetism is

less settled, because f2ð0Þ=f1ð0Þ ≃ −0.216 lies in a model
spread with different signs, and no precise decay distribu-
tion or lattice QCD result is available.
Tables XI and XII also list f3, g2, and g3 for the same

transitions. In the present decomposition, f3 and g2
describe the SU(3)- or isospin-breaking second-class
current terms. However, they exhibit substantial discrep-
ancies with predictions from other studies, even differing
in sign. One likely reason is that these two terms are much
smaller in magnitude than the other form factors, so their
precise values are difficult to determine reliably within the
current model framework. In contrast, g3 gives the corre-
sponding PCAC pole contribution, which is consistent
with other work.

D. Angular correlation and spin asymmetry parameters

To further understand the weak transition dynamics, we
calculate the angular correlation and spin asymmetry
parameters (αlν; αl; αν; αB) for all octet hyperon semi-
leptonic decays. In Table XIII, our numerical results are
summarized and compared with the light front quark model
(LFQM) [44], the 1=Nc expansion [6], the SU(3) fit [3],
and available experimental data [58,111]. Since the weak
coupling factor G2

FjVqq0 j2 cancels out in these asymmetry
ratios, which are also independent of the initial hyperon
lifetime τ, these observables directly reflect the relative
vector and axial-vector contributions, while αl, αν, and αB

TABLE IX. Our predicted transition form factors at q2 ¼ 0 for Σ → Σ semileptonic hyperon decays, compared with other theoretical
results. The last two columns give the ratios to the static SU(6) reference values, where ðfstat:1 ; gstat:1 Þ ¼ ð ffiffiffi

2
p

; 2
ffiffiffi
2

p
=3Þ for both Σ− → Σ0

and Σ0 → Σþ. The dagger marks central values for which the helicity amplitude inversion did not satisfy the propagated error criterion in
the production run; these entries are retained as diagnostics and are not treated as numerically resolved form factors.

Method f1ð0Þ f2ð0Þ f3ð0Þ g1ð0Þ g2ð0Þ g3ð0Þ
Σ− → Σ0e−ν̄e
LFQM [44] 1.410 0.910 � � � 0.690 0 � � �
χQM [45] 1.410 0.922 0 0.630 0 −95.190
χQSM [47] 1.414 0.780 � � � 0.650 � � � � � �
χCQM [48] 1.414 0.518 0.003 0.676 −0.005 −100.850
This work 1.413 0.154 0.170 0.671 −0.115 −98.566
Σ0 → Σþe−ν̄e
LFQM [44] 1.410 0.906 � � � 0.690 0 � � �
This work 1.414 0.153 0.169 0.671 −0.114 −97.861

Method f2ð0Þ=f1ð0Þ g1ð0Þ=f1ð0Þ jf1ð0Þj=jfstat:1 j jg1ð0Þj=jgstat:1 j
Σ− → Σ0e−ν̄e
LFQM [44] 0.645 0.491 0.997 0.732
χQM [45] 0.654 0.447 0.997 0.668
χQSM [47] 0.552 0.460 1.000 0.689
χCQM [48] 0.366 0.478 1.000 0.717
This work 0.109 0.475 0.999 0.712
Σ0 → Σþe−ν̄e
LFQM [44] 0.643 0.491 0.997 0.732
This work 0.108 0.475 1.000 0.712
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further characterize the correlations between the initial
hyperon polarization and the momenta of the final particles.
At present, direct experimental measurements are available
only for the electron modes of Λ → p and Σ− → n, while
all muon mode observables remain unmeasured.
The two measured channels in Table XIII exhibit

contrasting angular correlations and polarization asymme-
tries. For Λ → pe−ν̄e, the strong constructive V − A
interference leads to a nearly maximal neutrino angular
asymmetry, αν ¼ 0.978, indicating that the antineutrino
momentum is preferentially directed along the hyperon
spin polarization direction. This prediction agrees well with
the LFQM and 1=Nc results, but is higher than the
experimental value 0.72(12) reported by Lindquist et al.
[111]. Meanwhile, the lepton-neutrino correlation αeν ¼
−0.034 is close to zero, reflecting an almost isotropic

opening angle distribution between the electron and anti-
neutrino. In addition, the negative final baryon asymmetry
αB ¼ −0.625 shows that the proton is preferentially emitted
opposite to the initial hyperon polarization. Our prediction
is slightly lower than the central value −0.47ð12Þ reported
by Lindquist et al. [111]. In contrast, for Σ− → ne−ν̄e, the
leading vector and axial-vector form factors have opposite
signs, leading to different angular asymmetries. The lepton-
neutrino correlation αeν ¼ 0.522 and final baryon asym-
metry αB ¼ 0.526 are both positive, while the electron and
neutrino asymmetries are negative (αe ¼ −0.463 and
αν ¼ −0.324), indicating that the leptons tend to be emitted
opposite to the Σ− polarization. Our predicted αe ¼ −0.463
and αB ¼ 0.526 agree with the E715 results [58] within
their uncertainties, while our result αν ¼ −0.324 is slightly
lower than the measured value −0.230ð61Þ. Our predicted

TABLE X. Partial decay widths Γ, branching fractions B, and LFU ratios Rμe for semileptonic Ξ hyperon decays, compared with
available experimental data and other theoretical results. For theoretical sources that report only branching fractions, the displayed
widths are obtained via Γ ¼ B=τ using the hyperon lifetimes τΞ− ¼ 1.639 × 10−10 s and τΞ0 ¼ 2.90 × 10−10 s from RPP [66]. The
experimental values are taken from RPP [66]; centered dots denote unavailable data, while “Forbidden” denotes muon modes that are
kinematically inaccessible.

Γð106 s−1Þ B

Method l ¼ e l ¼ μ l ¼ e l ¼ μ Rμe

Ξ− → Λl−ν̄l [B in units of 10−4]
SU(3) IRA [11] 3.34(9) 0.96(2) 5.47(15) 1.58(4) 0.289
LFQM [44] 2.96 0.80 4.85 1.31 0.270
CCQM [50] 3.35 0.96 5.49 1.57 0.287
QCDSR [39] 3.15(45) 0.94(14) 5.17(73) 1.54(23) 0.298

2.85(40) 0.76(11) 4.67(66) 1.24(18) 0.266
BESIII [109] � � � � � � 3.60(40)(10) � � � � � �
RPP [66] � � � � � � 5.63(31) 3.5ðþ35

−22 Þ � � �
This work 2.69 0.76 4.41 1.24 0.281

Ξ− → Σ0l−ν̄l [B in units of 10−5]
SU(3) IRA [11] 0.50(4) 6.59ð55Þ × 10−3 8.12(60) 0.11(1) 0.013
LFQM [44] 0.55 7.47 × 10−3 9.00 0.12 0.014
CCQM [50] 0.52 6.70 × 10−3 8.52 0.11 0.013
QCDSR [39] 0.48(5) 6.47ð73Þ × 10−3 7.80(77) 0.11(1) 0.014

0.47(5) 5.92ð67Þ × 10−3 7.72(86) 0.10(1) 0.013
RPP [66] � � � � � � 8.7(17) < 80 � � �
This work 0.47 6.29 × 10−3 7.62 0.103 0.014
Ξ0 → Σþl−ν̄l [B in units of 10−4]
SU(3) IRA [11] 0.87(3) 7.52ð34Þ × 10−3 2.52(8) 0.022(1) 0.009
LFQM [44] 0.94 7.74 × 10−3 2.73 0.022 0.008
CCQM [50] 0.93 8.10 × 10−3 2.70 0.024 0.009
QCDSR [39] 0.83(10) 7.14ð93Þ × 10−3 2.41(28) 0.021(3) 0.009

0.82(11) 6.59ð86Þ × 10−3 2.39(32) 0.019(3) 0.008
RPP [66] � � � � � � 2.52(8) 0.023(4) 0.0092(15)
This work 0.81 6.98 × 10−3 2.35 0.020 0.009

Ξ− → Ξ0e−ν̄e [B in units of 10−10]
SU(3) IRA [11] 2.56ð146Þ × 10−6 � � � 4.2(24) � � � � � �
RPP [66] � � � � � � < 2.59 × 106 � � � � � �
This work 1.77 × 10−6 Forbidden 2.90 Forbidden � � �
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αeν ¼ 0.522 is larger than the LFQM (0.437) and SU(3)
(0.345) results. A direct measurement of αeν in this channel
would be useful to distinguish different theoretical models.
As for the other decay channels, our predictions show

distinct physical features across different transition dynam-
ics. For the Σ → Λeν transitions, the leading vector charge
f1 vanishes in the isospin limit, so the leading transition is
dominated by the axial-vector current. This leads to a
negative lepton-neutrino correlation αeν ≃ −0.41, close to
the pure axial-vector limit −1=3, while the small positive
baryon asymmetry αB ≃ 0.04–0.05 arises mainly from
weak magnetism and recoil effects. In contrast, for
Ξ− → Ξ0e−ν̄e, the vector current dominates, leading to a

strong forward lepton-neutrino correlation αeν ¼ 0.793,
which approaches the pure vector limit þ1. For the Σ →
Σ and Ξ → Σ modes, the constructive V − A interference
leads to large neutrino angular asymmetries (αν ≃ 0.84 and
0.99, respectively), showing that the antineutrino momen-
tum is strongly aligned with the initial hyperon polariza-
tion. For Ξ− → Λe−ν̄e, the dominant vector contribution
leads to a positive lepton-neutrino correlation αeν ¼ 0.589,
while the constructive V − A interference yields a negative
final baryon asymmetry αB ¼ −0.507.
Isospin symmetry is well preserved in these

angular observables. In the isospin limit, the hadronic
transition form factors of each isospin pair, such as

TABLE XI. Our predicted transition form factors at q2 ¼ 0 for Ξ− → Σ0l−ν̄l and Ξ0 → Σþl−ν̄l, compared with available
experimental information and other theoretical results. The last two columns give the ratios to the static SU(6) reference values, where
ðfstat:1 ; gstat:1 Þ ¼ ð1= ffiffiffi

2
p

; 5=ð3 ffiffiffi
2

p ÞÞ for Ξ− → Σ0 and ð1; 5=3Þ for Ξ0 → Σþ.

Method f1ð0Þ f2ð0Þ f3ð0Þ g1ð0Þ g2ð0Þ g3ð0Þ
Ξ− → Σ0l−ν̄l
LFQM [44] 0.690 1.296 � � � 0.940 0.029 � � �
χQM [45] 0.710 1.431 −0.231 0.790 0.147 −15.254
CCQM [50] 0.737 1.770 −0.035 0.885 0.037 −11.419
χQSM [47] 0.707 1.440 � � � 0.820 � � � � � �
χCQM [48] 0.707 1.067 −0.153 0.898 0.163 −15.307
QCDSR [39] 0.676(35) 1.394(150) � � � 0.874(48) � � � � � �
This work 0.689 0.737 0.082 0.846 −0.128 −11.535
Ξ0 → Σþl−ν̄l
LFQM [44] 0.980 1.815 � � � 1.330 0.040 � � �
χQM [45] 1.000 2.011 −0.326 1.120 0.221 −21.525
CCQM [50] 1.042 2.503 −0.050 1.252 0.052 −16.150
χQSM [47] 1.000 2.036 � � � 1.160 � � � � � �
χCQM [48] 1.000 1.498 −0.217 1.270 0.234 −21.368
QCDSR [39] 0.956(50) 1.971(212) � � � 1.236(68) � � � � � �
LQCD [31] 0.987(19) 1.733(126) −0.071ð49Þ 1.232(37) 0.438(115) −13.960ð760Þ
This work 0.975 1.038 0.115 1.197 −0.179 −16.178

Method f2ð0Þ=f1ð0Þ g1ð0Þ=f1ð0Þ g2ð0Þ=f1ð0Þ jf1ð0Þj=jfstat:1 j jg1ð0Þj=jgstat:1 j
Ξ− → Σ0l−ν̄l
LFQM [44] 1.878 1.362 0.041 0.976 0.798
χQM [45] 2.015 1.113 0.207 1.004 0.670
CCQM [50] 2.402 1.201 0.050 1.042 0.751
χQSM [47] 2.037 1.160 � � � 1.000 0.696
χCQM [48] 1.509 1.270 0.231 1.000 0.762
QCDSR [39] 1.957(255) 1.293(100) � � � 0.956(50) 0.742(41)
This work 1.069 1.228 −0.186 0.974 0.718
Ξ0 → Σþl−ν̄l
LFQM [44] 1.852 1.357 0.041 0.980 0.798
χQM [45] 2.011 1.120 0.221 1.000 0.672
CCQM [50] 2.402 1.202 0.050 1.042 0.751
χQSM [47] 2.036 1.160 � � � 1.000 0.696
χCQM [48] 1.498 1.270 0.234 1.000 0.762
QCDSR [39] 1.957(255) 1.293(100) � � � 0.956(50) 0.742(41)
LQCD [31] 1.756(132) 1.248(29) 0.444(117) 0.987(19) 0.739(22)
RPP [66] 2.0(9) 1.22(5) −1.7ðþ21

−20 Þð5Þ � � � � � �
This work 1.065 1.228 −0.184 0.975 0.718
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ðΣ− → n;Σ0 → pÞ, ðΣ− → Σ0;Σ0 → ΣþÞ, and ðΞ− →
Σ0;Ξ0 → ΣþÞ, differ only by an isospin Clebsch-Gordan
factor (e.g., 1=

ffiffiffi
2

p
between Σ0 → p and Σ− → n). Because

this common isospin factor cancels out in the numerator and
denominator of the normalized asymmetry ratios, the
predicted angular observables for each isospin pair are
nearly identical, with minor differences originating mainly
from the physical baryon mass splittings in the phase space
integration.
The finite lepton mass leads to pronounced differences

between the electron and muon modes for certain angular
observables. In all channels with allowed muon modes, the
neutrino angular asymmetry αν is barely sensitive to the
lepton mass, shifting by no more than 0.005. In contrast,
the lepton-neutrino correlation αlν and charged-lepton
asymmetry αl are noticeably affected by the finite muon
mass, where the helicity-flip contributions proportional to
m2

μ=q2 generally reduce their magnitudes. For example, in

Σ− → nl−ν̄l, the lepton-neutrino correlation decreases
from αeν ¼ 0.522 in the electron mode to αμν ¼ 0.276 in
the muon mode. For the daughter baryon asymmetry αB, its
value is sensitive to the available phase space. In
Σ− → nl−ν̄l, αB varies slightly between the electron and
muon modes. However, in Ξ− → Σ0l−ν̄l, because the mass
splitting is small (ΔM ≃ 129 MeV), the helicity flip terms
proportional to m2

μ=q2 significantly suppress the asymme-
try, shifting αB from −0.49 in the electron mode to −0.24 in
the muon mode.
Compared with the branching fractions, the angular

correlation and spin asymmetry parameters provide com-
plementary and cleaner information on the weak transition
dynamics. In channels dominated by the leading form
factors f1 and g1, these asymmetry observables are par-
ticularly sensitive to their relative magnitude and sign,
while recoil, lepton mass, and subleading form factor
effects are retained in our full numerical calculation.

TABLE XII. Our predicted transition form factors at q2 ¼ 0 for Ξ− → Λl−ν̄l and Ξ− → Ξ0e−ν̄e, compared with available
experimental information and other theoretical results. The last two columns give the ratios to the static SU(6) reference values, where
ðfstat:1 ; gstat:1 Þ ¼ ð− ffiffiffiffiffiffiffiffi

3=2
p

;−1=
ffiffiffi
6

p Þ for Ξ− → Λ and ð1;−1=3Þ for Ξ− → Ξ0.

Method f1ð0Þ f2ð0Þ f3ð0Þ g1ð0Þ g2ð0Þ g3ð0Þ
Ξ− → Λl−ν̄l
LFQM [44] −1.190 −0.092 � � � −0.330 −0.010 � � �
χQM [45] −1.220 0.038 0.504 −0.270 −0.005 5.420
CCQM [50] −1.252 −0.162 0.052 −0.332 −0.076 4.111
χQSM [47] −1.225 0.040 � � � −0.260 � � � � � �
χCQM [48] −1.225 0.244 0.357 −0.262 −0.025 4.824
QCDSR [39] −1.202 −0.118 � � � −0.309 � � � � � �
This work −1.165 0.252 −0.053 −0.290 0.057 3.831
Ξ− → Ξ0e−ν̄e
LFQM [44] 1.000 −0.965 � � � −0.240 0 � � �
χQM [45] 1.000 −1.137 0 −0.220 0 41.583
χQSM [47] 1.000 −1.080 � � � −0.270 � � � � � �
χCQM [48] 1.000 −1.129 −0.002 −0.314 0.004 −57.014
This work 0.999 −0.816 0.120 −0.230 0.040 41.336

Method f2ð0Þ=f1ð0Þ g1ð0Þ=f1ð0Þ jf1ð0Þj=jfstat:1 j jg1ð0Þj=jgstat:1 j
Ξ− → Λl−ν̄l
LFQM [44] 0.077 0.277 0.972 0.808
χQM [45] −0.031 0.221 0.996 0.661
CCQM [50] 0.129 0.265 1.022 0.813
χQSM [47] −0.033 0.212 1.000 0.637
χCQM [48] −0.199 0.214 1.000 0.642
QCDSR [39] 0.098 0.257 0.981 0.757
RPP [66] � � � 0.25(5) � � � � � �
BESIII [109] � � � 0.18(7)(2) � � � � � �
This work −0.216 0.249 0.951 0.710
Ξ− → Ξ0e−ν̄e
LFQM [44] −0.965 −0.240 1.000 0.720
χQM [45] −1.137 −0.220 1.000 0.660
χQSM [47] −1.080 −0.270 1.000 0.810
χCQM [48] −1.129 −0.314 1.000 0.942
This work −0.821 −0.230 0.999 0.690

NI, WANG, WU, and ZOU PHYS. REV. D 114, 074005 (2026)

074005-24



Experimentally, although most of the angular correlation
and spin asymmetry parameters (especially for the muon
modes) remain unmeasured, high-precision measurements

are promising with the large data samples of spin-entangled
hyperon pairs at BESIII and the proposed super tau-charm
facility, as well as polarized hyperons at LHCb. These

TABLE XIII. Predicted angular correlation and spin asymmetry parameters (αlν; αl; αν; αB) for electron and muon modes in octet
hyperon semileptonic decays, compared with available experimental data and other theoretical predictions. Dashes represent unavailable
values, while “Forbidden” denotes kinematically forbidden muon modes.

αlν αl αν αB

Method l ¼ e l ¼ μ l ¼ e l ¼ μ l ¼ e l ¼ μ l ¼ e l ¼ μ

Λ → pl−ν̄l
LFQM [44] −0.100 � � � −0.021 � � � 0.992 � � � −0.582 � � �
1=Nc expansion [6] −0.03 � � � 0.01 � � � 0.98 � � � −0.59 � � �
Exp. [111] 0.07(12) � � � 0.05(12) � � � 0.72(12) � � � −0.47ð12Þ � � �
This work −0.034 −0.133 0.042 −0.020 0.978 0.975 −0.625 −0.455

Σ− → nl−ν̄l
LFQM [44] 0.437 � � � −0.537 � � � −0.318 � � � 0.569 � � �
1=Nc expansion [6] 0.34 � � � −0.63 � � � −0.35 � � � 0.67 � � �
SU(3) analysis [3] 0.345 � � � −0.603 � � � −0.391 � � � 0.685 � � �
Exp. [58] � � � � � � −0.519ð104Þ � � � −0.230ð61Þ � � � 0.509(102) � � �
This work 0.522 0.276 −0.463 −0.337 −0.324 −0.320 0.526 0.457

Σ0 → pl−ν̄l
LFQM [44] 0.443 � � � −0.536 � � � −0.318 � � � 0.568 � � �
This work 0.526 0.276 −0.464 −0.335 −0.324 −0.320 0.525 0.456

Σ− → Λe−ν̄e
LFQM [44] −0.412 � � � −0.704 � � � 0.645 � � � 0.077 � � �
1=Nc expansion [6] −0.41 � � � � � � � � � � � � � � � � � � � � �
This work −0.418 Forbidden −0.697 Forbidden 0.658 Forbidden 0.049 Forbidden

Σþ → Λeþνe
LFQM [44] −0.404 � � � −0.701 � � � 0.647 � � � 0.070 � � �
1=Nc expansion [6] −0.41 � � � � � � � � � � � � � � � � � � � � �
This work −0.410 Forbidden 0.659 Forbidden −0.694 Forbidden 0.044 Forbidden

Σ− → Σ0e−ν̄e
LFQM [44] 0.436 � � � 0.287 � � � 0.850 � � � −0.710 � � �
This work 0.440 Forbidden 0.284 Forbidden 0.836 Forbidden −0.699 Forbidden

Σ0 → Σþe−ν̄e
LFQM [44] 0.438 � � � 0.288 � � � 0.850 � � � −0.711 � � �
This work 0.425 Forbidden 0.274 Forbidden 0.836 Forbidden −0.692 Forbidden

Ξ− → Λl−ν̄l
LFQM [44] 0.531 � � � 0.236 � � � 0.592 � � � −0.519 � � �
1=Nc expansion [6] 0.60 � � � � � � � � � � � � � � � � � � � � �
This work 0.589 0.288 0.258 0.150 0.542 0.537 −0.507 −0.404

Ξ− → Σ0l−ν̄l
LFQM [44] −0.252 � � � −0.226 � � � 0.973 � � � −0.437 � � �
This work −0.214 −0.150 −0.170 −0.093 0.987 0.990 −0.491 −0.243

Ξ0 → Σþl−ν̄l
LFQM [44] −0.248 � � � −0.223 � � � 0.973 � � � −0.439 � � �
1=Nc expansion [6] −0.14 � � � −0.11 � � � 1.00 � � � −0.52 � � �
This work −0.211 −0.139 −0.168 −0.086 0.987 0.990 −0.493 −0.228

Ξ− → Ξ0e−ν̄e
LFQM [44] 0.793 � � � −0.514 � � � −0.314 � � � 0.518 � � �
This work 0.793 Forbidden −0.479 Forbidden −0.307 Forbidden 0.496 Forbidden
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future measurements will provide stringent tests of our
theoretical predictions, help pin down the SU(3) flavor
symmetry breaking effects, and offer deeper insights into
hyperon structure and weak decay dynamics.

V. SUMMARY

In this work, we study the semileptonic decays of ground
state octet hyperons within the R3QM. The rest-frame
baryon wave functions and constituent quark masses are
fully determined from the baryon mass spectrum, so the
weak transition calculation introduces no additional free
parameters. From the R3QM helicity amplitudes, we
calculate the decay widths, determine the angular correla-
tion and spin asymmetry parameters, and extract the
complete set of octet form factors fi and gi.
Our calculated branching fractions are consistent with

the available measurements for Λ → pl−ν̄l, Ξ− → Λl−ν̄l,
and the Ξ → Σ isospin pair. The main exception is
Σ− → nl−ν̄l, where both our electron and muon branching
fractions lie approximately 30% below the RPP averages.
Since the two rates are suppressed by nearly the same
magnitude, the LFU ratio remains close to the experimen-
tal value.
For the leading form factors, the vector and axial-vector

currents play distinct roles. The vector charge f1ð0Þ is
protected by the Ademollo-Gatto theorem: in the jΔSj ¼ 1
octet channels, its deviation from the SU(3) limit is only
about 3%–7%. In the ΔS ¼ 0 near-threshold channels, the
same vector current reduces to the CVC or isospin charge.
The axial-vector form factor g1ð0Þ is far more sensitive to
the baryon wave function structure. Relative to the static
SU(6) reference values, our g1ð0Þ results are suppressed to
about 66%–72% of the symmetric limit. This suppression
originates from the spatial wave function mismatch
between the initial and final baryons, the lower components
of the Dirac spinors, and the mass-dependent Wigner
rotations.
The subleading form factors provide a more discrimi-

nating probe of the weak current structure. The weak
magnetism form factor f2 probes the transverse magnetic
response and exhibits pronounced channel dependence: it is
suppressed in Λ → p and Ξ0 → Σþ, but remains close to
the lattice QCD and RPP values in Σ− → n. This pattern
follows directly from the spectator spin content of the octet
wave functions: the scalar spectator ρρ component yields
only a limited transverse response, whereas the λλ compo-
nent with total spin s12 ¼ 1 retains a larger spin recoupling
contribution. The reduced f2 strength in scalar spectator
channels identifies Λ → p and Ξ0 → Σþ as ideal channels
to test additional transverse current contributions, such as
meson cloud or exchange current effects. The second-class
form factors f3 and g2 trace the flavor- or isospin-breaking
wave function overlap. The induced pseudoscalar form
factor g3 is fixed by the PCAC pole reconstruction, with
kaon pole dominance in the jΔSj ¼ 1 channels and a much

stronger pion pole enhancement in the ΔS ¼ 0 Σ → Λ
transitions.
For the near-threshold Σ → Σ and Ξ− → Ξ0 transitions,

the small mass splittings strongly suppress the branching
fractions, while rendering the vector charges clean probes
of the CVC and isospin limits. The present calculation also
provides a unified estimate of the branching fraction scales
for these rare semileptonic channels.
Further experimental measurements of branching frac-

tions and decay distributions, together with high-precision
lattice QCD calculations of octet-to-octet form factors, will
enable stringent tests of our R3QM predictions. For the
form factors, such studies will directly constrain the
channel dependence of f2, the second-class terms f3 and
g2, and the induced pseudoscalar form factor g3. A
comparison with our R3QM results, particularly for f2,
will help clarify how much transverse current strength is
inherently retained by the valence three-quark core, and
whether additional transverse current mechanisms are
required in hyperons. Since such extensions lie beyond
the scope of this work, we plan to expand the present
R3QM framework in future studies by including higher
Fock components, such as five-quark jqqqqq̄i configura-
tions, and to investigate possible nonvalence contributions
to the weak magnetism form factor and the internal
structure of hyperons.
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APPENDIX A: SPIN AND FLAVOR WAVE
FUNCTIONS OF LIGHT BARYONS

In this appendix, we give the spin and flavor wave
functions used in the calculation. We classify them accord-
ing to their S3 permutation symmetry. The ρ and λ
components are antisymmetric and symmetric, respec-
tively, under the interchange of quarks 1 and 2. In the
octet wave function of Eq. (8), these two components are
kept explicit, with separate flavor overlaps and spin
recoupling matrices.
The spin wave functions χ are obtained by coupling the

SU(2) spin states of individual quarks, j↑i and j↓i. For the
mixed symmetry S ¼ 1=2 states, the two orthogonal basis
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functions with Sz ¼ þ1=2 are

χρ1=2;1=2 ¼
1ffiffiffi
2

p ðj↑↓↑i − j↓↑↑iÞ;

χλ1=2;1=2 ¼ −
1ffiffiffi
6

p ðj↑↓↑i þ j↓↑↑i − 2j↑↑↓iÞ: ðA1Þ

The corresponding states for Sz ¼ −1=2 are obtained by
flipping all spins as

χρ1=2;−1=2 ¼
1ffiffiffi
2

p ðj↑↓↓i − j↓↑↓iÞ;

χλ1=2;−1=2 ¼
1ffiffiffi
6

p ðj↑↓↓i þ j↓↑↓i − 2j↓↓↑iÞ: ðA2Þ

The ρ and λ spin states correspond to spectator pair spins
s12 ¼ 0 and s12 ¼ 1, respectively.
The flavor wave functions are expressed in the same ρ–λ

exchange basis as the spin states, so each flavor component
in Eq. (8) is paired with the spin component of the same
symmetry. For the nucleon states, one has

ϕρ
p ¼ 1ffiffiffi

2
p ðjudui − jduuiÞ;

ϕλ
p ¼ 1ffiffiffi

6
p ð2juudi − judui − jduuiÞ; ðA3Þ

ϕρ
n ¼ 1ffiffiffi

2
p ðjuddi − jdudiÞ;

ϕλ
n ¼

1ffiffiffi
6

p ðjuddi þ jdudi − 2jdduiÞ: ðA4Þ

For the Σ triplet, the ρ and λ components are

ϕρ
Σ0 ¼ 1

2
ðjdsui − jsdui þ jusdi − jsudiÞ;

ϕλ
Σ0 ¼ 1ffiffiffiffiffi

12
p ð2jdusi þ 2judsi − jdsui

− jsdui − jusdi − jsudiÞ; ðA5Þ

ϕρ
Σþ ¼ 1ffiffiffi

2
p ðjusui − jsuuiÞ;

ϕλ
Σþ ¼ 1ffiffiffi

6
p ð2juusi − jusui − jsuuiÞ; ðA6Þ

ϕρ
Σ− ¼ 1ffiffiffi

2
p ðjdsdi − jsddiÞ;

ϕλ
Σ− ¼ 1ffiffiffi

6
p ð2jddsi − jdsdi − jsddiÞ: ðA7Þ

For the isoscalar Λ, one has

ϕρ
Λ ¼ 1ffiffiffiffiffi

12
p ðjusdi þ jsdui − jsudi − jdsui

þ 2judsi − 2jdusiÞ;

ϕλ
Λ ¼ 1

2
ðjusdi þ jsudi − jdsui − jsduiÞ: ðA8Þ

For the Ξ doublet, the corresponding components are

ϕρ
Ξ0 ¼ 1ffiffiffi

2
p ðjussi − jsusiÞ;

ϕλ
Ξ0 ¼ 1ffiffiffi

6
p ðjussi þ jsusi − 2jssuiÞ; ðA9Þ

ϕρ
Ξ− ¼ 1ffiffiffi

2
p ðjdssi − jsdsiÞ;

ϕλ
Ξ− ¼ 1ffiffiffi

6
p ðjdssi þ jsdsi − 2jssdiÞ: ðA10Þ

Using the flavor wave functions given above, the flavor
matrix elements Ifi;jζfζi

in Eq. (36) are calculated. The

operator F̂
qfqi
j changes the flavor of the jth quark from

qi to qf, and leaves the other two quarks unchanged. For
quark line j ¼ 3, the operator F̂

qfqi
3 does not act on quarks

1 and 2, and commutes with the exchange operator P̂12.
Since ϕρ and ϕλ are antisymmetric and symmetric under the
exchange of quarks 1 and 2, respectively, the cross terms
vanish, Ifi;3ρλ ¼ Ifi;3λρ ¼ 0. The calculated flavor factors Ifiρρ

and Ifiλλ for various decay channels are listed in Table III.

APPENDIX B: TOTAL WAVE FUNCTIONS
OF SINGLY HEAVY AND DOUBLY

CHARMED BARYONS

In the mass spectrum calculation (Sec. II), singly heavy
baryons (q1q2Q with Q ¼ c, b) and doubly charmed
baryons (c1c2q with q ¼ n, s, where n denotes a u or d
quark) are also included. In these systems, quarks 1 and 2
define the ρ-mode Jacobi coordinate, while quark 3 defines
the λ-mode coordinate. The three quark spin wave func-
tions are the same as those of light baryons given in
Appendix A. Because the color wave function is com-
pletely antisymmetric, the total spatial-spin-flavor wave
function must be symmetric under the exchange of quarks 1
and 2.
To construct the physical basis states, we first determine

the exchange properties of the flavor, spin, and spatial wave
functions under P̂12. For a pair of nonidentical quarks
(q1 ≠ q2), the antisymmetric and symmetric flavor wave
functions are defined as
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ϕA ¼ 1ffiffiffi
2

p ðjq1q2q3i − jq2q1q3iÞ;

ϕS ¼
1ffiffiffi
2

p ðjq1q2q3i þ jq2q1q3iÞ; ðB1Þ

which satisfy P̂12ϕA ¼ −ϕA and P̂12ϕS ¼ þϕS. For an
identical pair (q1 ¼ q2), the antisymmetric state ϕA van-
ishes, and only the symmetric state ϕS ¼ jq1q2q3i remains.
Meanwhile, the three quark spin wave functions satisfy

P̂12χ
ρ
1=2 ¼ −χρ1=2; P̂12χ

λ
1=2 ¼ þχλ1=2;

P̂12χ
s
3=2 ¼ þχs3=2; ðB2Þ

where χs3=2 is the totally symmetric spin-3=2wave function.

In spatial space, according to Eq. (14), the states Ψð00;00Þ
000 ,

Ψð10;00Þ
200 , and Ψð00;10Þ

200 are symmetric under P̂12, while

Ψð01;01Þ
200 is antisymmetric.
By combining these spatial, spin, and flavor wave

functions to satisfy the 1 ↔ 2 permutation symmetry,
the eight basis states for JP ¼ 1=2þ are constructed as

jBA
1 ; 1=2

þi ¼ Ψð00;00Þ
000 ϕAχ

ρ
1=2;

jBA
2 ; 1=2

þi ¼ Ψð10;00Þ
200 ϕAχ

ρ
1=2;

jBA
3 ; 1=2

þi ¼ Ψð00;10Þ
200 ϕAχ

ρ
1=2;

jBA
4 ; 1=2

þi ¼ Ψð01;01Þ
200 ϕAχ

λ
1=2;

jBS
1; 1=2

þi ¼ Ψð00;00Þ
000 ϕSχ

λ
1=2;

jBS
2; 1=2

þi ¼ Ψð10;00Þ
200 ϕSχ

λ
1=2;

jBS
3; 1=2

þi ¼ Ψð00;10Þ
200 ϕSχ

λ
1=2;

jBS
4; 1=2

þi ¼ Ψð01;01Þ
200 ϕSχ

ρ
1=2: ðB3Þ

For singly heavy baryons, ϕA belongs to the flavor
antitriplet 3̄F (ΛQ, ΞQ), while ϕS belongs to the flavor
sextet 6F (ΣQ;Ξ0

Q;ΩQ). For ΛQ, ΣQ, and ΩQ, the two light
quarks have identical masses, and their wave functions are
expanded in the four A-type basis states jBA

κ ; 1=2þi
(nB ¼ 4) or four S-type basis states jBS

κ ; 1=2þi (nB ¼ 4),
respectively. For the ΞQ and Ξ0

Q baryons with nsQ flavor
composition, the mass difference ms ≠ mn breaks the
flavor symmetry between quarks 1 and 2, which allows
configuration mixing between the 3̄F and 6F states.
Therefore, all eight basis states jBA

κ ; 1=2þi and
jBS

κ ; 1=2þi (nB ¼ 8) are used to diagonalize the ΞQ–Ξ0
Q

system. For doubly charmed baryons Ξcc and Ωcc, the two
charm quarks are identical, so only the four S-type basis
states jBS

κ ; 1=2þi (nB ¼ 4) are allowed.
For the JP ¼ 3=2þ states, because the spin wave

function χs3=2 is symmetric, the spatial and flavor wave

functions must have the same exchange property under
1 ↔ 2. The allowed basis states are

jBS
1; 3=2

þi ¼ Ψð00;00Þ
000 ϕSχ

s
3=2;

jBS
2; 3=2

þi ¼ Ψð10;00Þ
200 ϕSχ

s
3=2;

jBS
3; 3=2

þi ¼ Ψð00;10Þ
200 ϕSχ

s
3=2;

jBA
4 ; 3=2

þi ¼ Ψð01;01Þ
200 ϕAχ

s
3=2: ðB4Þ

Here, the state jBA
4 ; 3=2

þi is present only for Ξ�
Q (nsQ).

Thus, the basis dimension is nB ¼ 4 for Ξ�
Q, and nB ¼ 3 for

Σ�
Q, Ω�

Q, Ξ�
cc, and Ω�

cc.
For heavy baryons with definite exchange symmetry

[ΛQ;Σ
ð�Þ
Q ;Ωð�Þ

Q ;Ξð�Þ
cc , and Ωð�Þ

cc ], the physical state is
expressed as

jBA; 1=2þi ¼
X4
κ¼1

cA;1=2κ jBA
κ ; 1=2þi; ðB5Þ

jBS; 1=2þi ¼
X4
κ¼1

cS;1=2κ jBS
κ ; 1=2þi; ðB6Þ

jBS; 3=2þi ¼
X3
κ¼1

cS;3=2κ jBS
κ ; 3=2þi; ðB7Þ

where the A-type expansion applies to ΛQ, and the S-type

expansions apply to Σð�Þ
Q , Ωð�Þ

Q , Ξð�Þ
cc , and Ωð�Þ

cc . For the
coupled ΞQ–Ξ0

Q (JP ¼ 1=2þ) and Ξ�
Q (JP ¼ 3=2þ) sys-

tems, the physical states are expanded in the combined
basis as

jΞð0Þ
Q ; 1=2þi ¼

X4
κ¼1

c
Ξð0Þ
Q

κ;A jBA
κ ; 1=2þi þ

X4
κ¼1

c
Ξð0Þ
Q

κ;S jBS
κ ; 1=2þi;

ðB8Þ

jΞ�
Q; 3=2

þi ¼
X3
κ¼1

c
Ξ�
Q

κ;SjBS
κ ; 3=2þi þ c

Ξ�
Q

4;AjBA
4 ; 3=2

þi: ðB9Þ

The mixing coefficients and the mass eigenvalue MB are
obtained by solving the eigenvalue equation in Eq. (19).

APPENDIX C: CONFIGURATION
MIXING COEFFICIENTS OF BARYON

WAVE FUNCTIONS

The physical baryon wave functions are obtained by
diagonalizing the semirelativistic Hamiltonian [Eq. (15)] in
the truncated harmonic oscillator basis (Nosc ≤ 2, L ¼ 0).
The explicit basis configurations for light octet and
decuplet baryons are defined in Eqs. (8) and (12), while
those for singly and doubly heavy baryons are given in
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Appendix B. For the coupled ΞQ–Ξ0
Q and Ξ�

Q systems, the
physical states are expanded in the combined A- and S-type
basis due to the color-magnetic spin-spin interaction. In
Table XIV, we collect the configuration mixing coefficients
for all ground state baryons.

APPENDIX D: SPIN-FLAVOR TRANSITION
MATRICES FOR LIGHT OCTET BARYONS

For the active quark line j ¼ 3, by contracting the spin

recoupling tensor ðCσfσi;3λfλi
Þαβ in Eq. (37) with the single

quark weak current operator, we define the baryon spin

transition matrix as

ðSσfσiÞλfλi ≡
X
α;β

ðCσfσi;3λfλi
ÞαβOν

αβ; ðD1Þ

where σf; σi ∈ fρ; λg label the spin components, λf; λi ¼
�1=2 are the baryon helicities, and Oν

αβ ≡ ½Oν
W;3�αβ

(α; β∈ f↑;↓g) denotes the weak current operator of
quark 3.
For χρ1=2, the spectator quarks 1 and 2 couple to s12 ¼ 0,

so the baryon spin is carried entirely by quark 3. The spin
matrix is then

Sρρ ¼
 
Oν

↑↑ Oν
↑↓

Oν
↓↑ Oν

↓↓

!
: ðD2Þ

For χλ1=2, the spectator pair has s12 ¼ 1. Using the spin
wave functions in Appendix A, one obtains

Sλλ ¼
0
@ 1

3
Oν

↑↑ þ 2
3
Oν

↓↓ − 1
3
Oν

↑↓

− 1
3
Oν

↓↑
2
3
Oν

↑↑ þ 1
3
Oν

↓↓

1
A: ðD3Þ

Since the weak transition operator acts only on quark 3, it
cannot connect the ρ and λ components with different
exchange symmetries of the (12) spectator pair.
Consequently, the transition matrix elements between the
ρ and λ components vanish,

Sρλ ¼ Sλρ ¼ 0; Ifi;3ρλ ¼ Ifi;3λρ ¼ 0: ðD4Þ

For octet baryons, the flavor space fϕρ
8;ϕ

λ
8g and spin

space fχρ1=2; χλ1=2g are each spanned by two mixed sym-
metry components. Their direct tensor products form a
four-dimensional uncoupled spin-flavor basis, ðϕρ

8χ
ρ
1=2;

ϕρ
8χ

λ
1=2;ϕ

λ
8χ

ρ
1=2;ϕ

λ
8χ

λ
1=2ÞT . In this uncoupled basis, the

transition matrix element for quark line j ¼ 3 factors into
the flavor overlap and spin matrix as Ifi;3ζfζi

Sσfσi

(ζ; σ ∈ fρ; λg). Since all off-diagonal cross terms between
the ρ and λ components vanish, the total spin-flavor
transition matrix takes a purely block-diagonal form:

Tfi;3 ¼

0
BBBBB@

Ifi;3ρρ Sρρ 0 0 0

0 Ifi;3ρρ Sλλ 0 0

0 0 Ifi;3λλ Sρρ 0

0 0 0 Ifi;3λλ Sλλ

1
CCCCCA; ðD5Þ

where each diagonal block is a 2 × 2 matrix in baryon
helicity space. The flavor overlap factors Ifi;3ρρ and Ifi;3λλ
depend on the specific decay channel and are collected in
Table III, while the spin matrices Sρρ and Sλλ are universal
for all octet-to-octet transitions.

TABLE XIV. Configuration mixing coefficients of the ground
state baryons obtained with the semirelativistic potential model.

State Coefficients

Light octet: ðjB8
1;2;3; 1=2

þiÞ
p ð0.9908; 0.0906;−0.1002Þ
Λ ð0.9940; 0.0417;−0.1010Þ
Σ ð0.9959; 0.0202;−0.0880Þ
Ξ ð0.9955;−0.0186;−0.0934Þ
Light decuplet: ðjB10

1;2; 3=2
þiÞ

Δ ð0.9942;−0.1075Þ
Σ� ð0.9889;−0.1486Þ
Ξ� ð0.9825;−0.1863Þ
Ω ð0.9754;−0.2202Þ
A-type (1=2þ): ðjBA

1;2;3;4; 1=2
þiÞ

Λc ð0.9854; 0.0963;−0.1388; 0.0211Þ
Λb ð0.9909; 0.1259;−0.0458; 0.0102Þ
S-type (1=2þ): ðjBS

1;2;3;4; 1=2
þiÞ

Σc ð0.9906;−0.0555;−0.1209; 0.0314Þ
Ωc ð0.9783;−0.1285;−0.1602; 0.0260Þ
Σb ð0.9979;−0.0337;−0.0533; 0.0168Þ
Ωb ð0.9881;−0.1107;−0.1055; 0.0143Þ
Ξcc ð0.9704;−0.2331;−0.0593; 0.0226Þ
Ωcc ð0.9658;−0.2342;−0.1094; 0.0204Þ
Mixed ΞQ–Ξ0

Q (1=2þ): A∶ðjBA
1;2;3;4; 1=2

þiÞ; S∶ðjBS
1;2;3;4; 1=2

þiÞ
Ξc A∶ð0.9849; 0.0361;−0.1639; 0.0217Þ

S∶ð0.0353;−0.0017;−0.0027; 0.0004Þ
Ξ0
c A∶ð−0.0343;−0.0007; 0.0094; 0.0027Þ

S∶ð0.9844;−0.0930;−0.1425; 0.0286Þ
Ξb A∶ð0.9946; 0.0657;−0.0790; 0.0108Þ

S∶ð0.0135;−0.0002; 0.0001; 0.0003Þ
Ξ0
b A∶ð−0.0132;−0.0006; 0.0029; 0.0030Þ

S∶ð0.9938;−0.0728;−0.0816; 0.0155Þ
S-type (3=2þ): ðjBS

1;2;3; 3=2
þiÞ

Σ�
c ð0.9806;−0.0820;−0.1782Þ

Ω�
c ð0.9673;−0.1481;−0.2059Þ

Σ�
b ð0.9953;−0.0485;−0.0840Þ

Ω�
b ð0.9837;−0.1227;−0.1312Þ

Ξ�
Q (3=2þ): ðjBS

1;2;3; 3=2
þi; jBA

4 ; 3=2
þiÞ

Ξ�
c ð0.9741;−0.1161;−0.1938;−0.0007Þ

Ξ�
b ð0.9902;−0.0864;−0.1098; 0.0012Þ
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In the physical baryon states, the flavor and spin wave
functions are coupled into the SU(6) spin-flavor wave
functions Φs

56;8, Φ
ρ
70, and Φλ

70 defined in Eqs. (8) and (9).
They are related to the product basis via the transformation

0
BB@

Φs
56;8

Φρ
70

Φλ
70

1
CCA ¼ R

0
BBBBB@

ϕρ
8χ

ρ
1=2

ϕρ
8χ

λ
1=2

ϕλ
8χ

ρ
1=2

ϕλ
8χ

λ
1=2

1
CCCCCA; ðD6Þ

with the transformation matrix

R ¼ 1ffiffiffi
2

p

0
BB@

1 0 0 1

0 1 1 0

1 0 0 −1

1
CCA: ðD7Þ

Here, the first row corresponds to the totally symmetric 56
state, while the second and third rows represent the ρ and λ
components of the mixed-symmetry 70 representation,
respectively.
Applying this transformation to Eq. (D5), the spin-flavor

matrix in the ðΦs
56;8;Φ

ρ
70;Φ

λ
70Þ basis is obtained as

RTfi;3RT ¼

0
BB@

Cþ 0 C−

0 C× 0

C− 0 Cþ

1
CCA; ðD8Þ

where the three distinct spin-flavor blocks are defined as

Cþ ¼ 1

2
ðIfi;3ρρ Sρρ þ Ifi;3λλ SλλÞ; ðD9Þ

C× ¼ 1

2
ðIfi;3ρρ Sλλ þ Ifi;3λλ SρρÞ; ðD10Þ

C− ¼ 1

2
ðIfi;3ρρ Sρρ − Ifi;3λλ SλλÞ: ðD11Þ

Here, Cþ describes the transitions within the symmetric 56
octet states (Φs

56;8 → Φs
56;8) as well as between the λ

components of the 70 representation (Φλ
70 → Φλ

70). The
blockC× gives the transition within the ρ component of the
70 representation (Φρ

70 → Φρ
70), where the crossed combi-

nation of flavor and spin factors arises because Φρ
70 pairs

flavor and spin functions with crossed exchange sym-
metries. The block C− mediates the configuration mixing
transition between Φs

56;8 and Φλ
70. The off-diagonal matrix

elements between Φρ
70 and ðΦs

56;8;Φ
λ
70Þ vanish identically

because their (12) exchange parities cannot match.
Combining these spin-flavor blocks with the spatial wave

functions of the light octet configurations jB8
κ ; 1=2þi

(κ ¼ 1, 2, 3) in Eqs. (8)–(11), we obtain the spatial-spin-
flavor transition factors Gfi;3

κfκi for quark line j ¼ 3 as

Gfi;3
11 ¼ Ψ̃s�

000ðk0ρ; k0λÞΨ̃s
000ðkρ; kλÞCþ;

Gfi;3
12 ¼ Ψ̃s�

000ðk0ρ; k0λÞΨ̃s
200ðkρ; kλÞCþ;

Gfi;3
21 ¼ Ψ̃s�

200ðk0ρ; k0λÞΨ̃s
000ðkρ; kλÞCþ;

Gfi;3
22 ¼ Ψ̃s�

200ðk0ρ; k0λÞΨ̃s
200ðkρ; kλÞCþ;

Gfi;3
13 ¼ 1ffiffiffi

2
p Ψ̃s�

000ðk0ρ; k0λÞΨ̃λ
200ðkρ; kλÞC−;

Gfi;3
23 ¼ 1ffiffiffi

2
p Ψ̃s�

200ðk0ρ; k0λÞΨ̃λ
200ðkρ; kλÞC−;

Gfi;3
31 ¼ 1ffiffiffi

2
p Ψ̃λ�

200ðk0ρ; k0λÞΨ̃s
000ðkρ; kλÞC−;

Gfi;3
32 ¼ 1ffiffiffi

2
p Ψ̃λ�

200ðk0ρ; k0λÞΨ̃s
200ðkρ; kλÞC−;

Gfi;3
33 ¼ 1

2
½Ψ̃ρ�

200ðk0ρ; k0λÞΨ̃ρ
200ðkρ; kλÞC×

þ Ψ̃λ�
200ðk0ρ; k0λÞΨ̃λ

200ðkρ; kλÞCþ�: ðD12Þ

Here, Ψ̃iðkρ; kλÞ and Ψ̃�
fðk0ρ; k0λÞ are the momentum space

spatial wave functions obtained by Fourier transforming the
coordinate space wave functions determined from the
baryon mass spectrum in Sec. II.
Substituting Gfi;3

κfκi into the master integral of Eq. (35)

yields the single quark contribution Hν;3
κfκiðλf; λi;Pi; PfÞ for

the active quark line j ¼ 3. Because the physical light octet
baryon states are totally symmetric under constituent quark
permutations, each of the three active quark lines j ¼ 1, 2, 3
gives an identical matrix element to the total weak current
Jν ¼P3

j¼1 J
ν
j . Thus, the total hadronic transition matrix

element is given by

Hνðλf; λi;Pi; PfÞ

¼ 3
X3
κf¼1

X3
κi¼1

ðc8f;1=2κf Þ�c8i;1=2κi Hν;3
κfκiðλf; λi;Pi; PfÞ; ðD13Þ

where the factor of 3 arises from the equal contributions of
the three quark lines under the permutation symmetry of the
baryon wave functions.

APPENDIX E: q2 DEPENDENCE OF HYPERON
SEMILEPTONIC FORM FACTORS

This appendix collects the figures for the q2 dependence
of the Σ and Ξ hyperon semileptonic form factors. Figures 3
and 4 show the Σ hyperon form factors, while Fig. 5 shows
the Ξ hyperon form factors. The Λ → p form factors are
compared with the lattice QCD results in Fig. 2 in the
main text.
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FIG. 3. R3QM form factors fiðq2Þ and giðq2Þ for the semileptonic Σ decays Σ− → nl−ν̄l, Σ− → Λl−ν̄l, and Σþ → Λlþνl, obtained
from the corresponding weak transition amplitudes.
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FIG. 4. R3QM form factors fiðq2Þ and giðq2Þ for the semileptonic Σ decays Σ0 → pl−ν̄l, Σ− → Σ0l−ν̄l, and Σ0 → Σþl−ν̄l,
obtained from the corresponding weak transition amplitudes.
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FIG. 5. R3QM form factors fiðq2Þ and giðq2Þ for the semileptonic Ξ decays Ξ− → Λl−ν̄l, Ξ− → Σ0l−ν̄l, Ξ0 → Σþl−ν̄l, and
Ξ− → Ξ0l−ν̄l obtained from the corresponding weak transition amplitudes.
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