
J
H
E
P
0
7
(
2
0
0
8
)
1
3
2

Published by Institute of Physics Publishing for SISSA

Received: June 25, 2008

Accepted: July 18, 2008

Published: July 30, 2008

Semileptonic hyperon decays in the self-consistent

SU(3) chiral quark-soliton model

Tim Ledwig

Institut für Theoretische Physik II, Ruhr-Universität Bochum,

D-44780 Bochum, Germany

E-mail: Tim.Ledwig@tp2.rub.de

Antonio Silva

Centro de Fisica Computacional (CFC),

Departamento de Fisica, Universidade de Coimbra,

P-3004-516 Coimbra, Portugal, and

Faculdade de Engenharia da Universidade do Porto,

P-4200-465 Porto, Portugal

E-mail: ajsilva@fe.up.pt

Hyun-Chul Kim

Department of Physics, Inha University,

Incheon 402-751, Republic of Korea

E-mail: hchkim@inha.ac.kr

Klaus Goeke

Institut für Theoretische Physik II, Ruhr-Universität Bochum,

D-44780 Bochum, Germany, and

ECT*,

Villa Tambosi, Strada delle Tabarelle 286, I-38050 Villazzano (TN), Italy

E-mail: Klaus.Goeke@tp2.rub.de

Abstract: We investigate the semileptonic hyperon decays within the framework of the

self-consistent SU(3) chiral quark-soliton model (χQSM). We take linear 1/Nc rotational

as well as linear ms corrections into account and apply the symmetry conserving quanti-

zation. We present the results for the form factors f1(Q
2), f2(Q

2) and g1(Q
2) in addition

to the semileptonic decay constants of hyperons. We also have calculated the radii and

dipole masses of these form factors for all relevant strangeness-conserving and strangeness-

changing transitions.

Keywords: Phenomenological Models, Weak Decays.

mailto:Tim.Ledwig@tp2.rub.de
mailto:ajsilva@fe.up.pt
mailto:hchkim@inha.ac.kr
mailto:Klaus.Goeke@tp2.rub.de
http://jhep.sissa.it/stdsearch


J
H
E
P
0
7
(
2
0
0
8
)
1
3
2

Contents

1. Introduction 1

2. General formalism 3

3. The form factors in the chiral quark-soliton model 5

4. Results and discussion 10

4.1 SHD vector form factors 10

4.2 SHD axial-vector form factors 15

5. Summary and conclusion 18

A. Form factors in the χQSM 19

B. Form factor densities 20

B.1 χQSM electric densities 20

B.2 χQSM magnetic densities 20

B.3 χQSM axial-vector densities 21

B.4 Regularization functions 22

C. Baryon matrix elements 22

1. Introduction

In the Standard model, the Cabibbo-Kobayashi-Maskawa matrix elements |Vud| and |Vus|
characterize the transition amplitudes for light hadron processes involving the quark tran-

sitions d → ue−νe and s → ue−νe [1, 2]. At present, the semileptonic kaon and π+

decays [3, 4] provide the most precise measurement of the product |Vus · f+(0)| with f+(0)

being the kaon vector form factor. Generally, the Ademollo-Gatto theorem [5] states that

the linear-order flavor SU(3) breaking effects vanish in the vector matrix elements between

hadron states in the same multiplet. This enables us to extract Vus from kaon decays with

high accuracy. On the other hand, the semileptonic hyperon decays (SHD) can be also used

for an independent determination of Vus and Vud [6, 7], where the product of |Vus · f1(0)|,
f1(0) being the hyperon vector form factor, is accessed. Reference [6] has suggested to use

recent experiments to compare the Vus from the kaon with the SHD data.

Motivated by a recent progress in this field, we review in the present work the investi-

gation of the semileptonic hyperon form factors in the chiral quark-soliton model (χQSM).

Since the first results from the χQSM [8] on this issue, several new experimental and
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theoretical works have been developed. The KTeV collaboration first reported the mea-

surement of the Ξ0 → Σ+e−νe decay [9] followed by the first determination of these form

factors [10]. They published for this process the ratios f2(0)/f1(0) = 2.0 ± 1.2stat ± 0.5syst

and g1(0)/f1(0) = 1.32+0.21
−0.17stat±0.05syst. Very recently, the NA48/1 collaboration reported

branching ratios for the same process with improved statistics, compared to the KTeV ex-

periments, and announced g1(0)/f1(0) = 1.20±0.05 for Ξ0 → Σ+e−νe [11]. This particular

SHD are interesting, since in flavor SU(3) symmetry the g1/f1 ratio is equal to that of the

neutron β decay. The isospin partner process Ξ− → Σ0e−ν was investigated in ref. [12],

where the ratio g1(0)/f1(0) = 1.25+0.14
−0.16 is presented together with the results for Λ → pe−ν

and Ξ− → Λe−ν. References [13, 14] invstigated Σ− → Λe−ν as well as Λ → pe−ν.
On the theoretical side, chiral perturbation theory (χPT) is used to gain information

about flavor SU(3) breaking effects to f1(0) beyond the first order [15 – 18], where other

form factors of SHD have been also investigated. The results for Vus and SHD data were

discussed in ref. [19] and for the large Nc expansion in ref. [20]. Very recently, ref. [21] has

also reported the first quenched lattice QCD study for all form factors of the Σ− → nlν

decay, in which the results were found to be: f2(0)/f1(0) = −1.52±0.81 and g1(0)/f1(0) =

−0.287 ± 0.052. In addition, ref. [22] presents a study of SHD in a relativistic constituent

quark model. We will see that our results are in qualitative agreement with these works as

well as with the above mentioned experimental data.

In the present work we will investigate the vector f1(Q
2), f2(Q

2) and axial-vector

g1(Q
2) form factors for strangeness-conserving and strangeness-changing SHD in the self-

consistent SU(3) χQSM. Since the form factors f3(Q
2) and g3(Q

2) are always multiplied

by a factor of me/MB in the transition amplitude, they can be safely neglected. The value

of the form factor g2(Q
2) at Q2 = 0 vanishes in exact SU(3) symmetry. Reference [8]

presented in 1998 the SHD constants f1(0), f2(0) and g1(0) within the same framework of

the χQSM. However, since then new experimental data as well as new theoretical results,

some mentioned above, have been progressed and, moreover, ref. [23] proposed in the χQSM

the symmetry-conserving quantization that makes the Gell-Mann-Nishijima relation well

satisfied. We extend, therefore, in this work the previous investigation to the full form

factors up to Q2 ≤ 1GeV2 with the symmetry-conserving quantization employed [23]. We

take into account linear 1/Nc rotational corrections as well as linear ms corrections.

A merit of the χQSM lies in the fact that we are able to calculate various unrelated

baryonic observables within the same setting, once having determined the eigenvalues of

the χQSM one-particle Dirac Hamiltonian. These eigenvalues were obtained by diago-

nalizing the Hamiltonian numerically with a self-consistent meson profile of the soliton,

which is found in an action principle of minimizing the nucleon mass in the χQSM. The

same eigenvalues were used in the past for investigating the mass splittings of the SU(3)

baryons, form factors, and parton- and antiparton-distributions [24 – 35], all relevant sum

rules of these observables being simultaneously fulfilled. Nearly all observables are in good

agreement with experimental data showing errors between (10 ∼ 30)%. In particular, the

dependence of all form factors on the momentum transfer is well reproduced within the

χQSM. References [35, 36] have used the same set of fixed parameters as in the present

work to investigate the strange electromagnetic form factors and the parity-violating asym-
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metries of polarized electron-proton scattering. In particular, the six electromagnetic form

factors Gu,d,s
E,M (Q2) and three axial-vector form factors Gu,d,s

A (Q2) were calculated and are

all in good agreement with experimental data. The vector and axial-vector form factors

used in these χQSM-works are the basis for the present investigation. In addition, the

same techniques were recently used for calculating observables of the anti-decuplet pen-

taquarks [37, 38]. The results describe well the experimental data avalilable so far, though

their relevance is controversially discussed.

The present work is sketched as follows. In section II, we present the general formalism

for the SHD. In section III, we show how to compute the observables of SHD within the

selfconsistent SU(3) χQSM. In section IV, we present and discuss the obtained results. In

the final section, we summarize the present work and draw conclusions. Additional detailed

formulae are given in appendices.

2. General formalism

The decay rates for the SHD processes B1 → B2lνl are determined by the transition matrix

element MB1→B2lνl
that is generally written as

MB1→B2lνl
=
GF√

2
V 〈B2|Jµ

W |B1〉ul(pl)γµ(1 − γ5)uνl
(pν), (2.1)

where GF denotes the well-known Fermi coupling constant and V = Vud(Vus) stand for the

Cabibbo-Kobayashi-Maskawa angles for ∆S = 0 (∆S = 1) processes, respectively. It is the

hadronic matrix element 〈B2|Jµ
W |B1〉 that will be considered in this work for the ∆S = 0

transitions within the baryon octet:

n→ p, Σ− → Λ, Σ− → Σ0, Ξ− → Ξ0, (2.2)

and ∆S = 1 transitions

Σ− → n, Λ → p, Ξ− → Σ0, Ξ− → Λ. (2.3)

All other transitions are related to these ones by isospin symmetry, of which the relations

are given in the appendix. The transition matrix elements for these two types of transitions

are written explicitly as

〈B2(p2)|Jµ
W (0)|B1(p1)〉 = 〈B2(p2)|ψ(0)γµ(1 − γ5)

1

2

(

λ1(4) ± iλ2(5)
)

ψ(0)|B1(p1)〉, (2.4)

where λχ=1,2,4,5 are flavor SU(3) Gell-Mann matrices. Thus, we need to consider the

following matrix elements for the vector current:

〈B2|Jµχ
V |B1〉 = 〈B2(p2)|ψ(0)γµλ

χ

2
ψ(0)|B1(p1)〉

= u2(p2)

[

fB1B2
1 (Q2)γµ+

fB1B2
2 (Q2)iσµβqβ

MB1

+
fB1B2
3 (Q2)qµ

MB1

]

λχ

2
u1(p1), (2.5)
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and for the axial-vector current:

〈B2|Jµχ
A |B1〉 = 〈B2(p2)|ψ(0)γµγ5λ

χ

2
ψ(0)|B1(p1)〉

= u2(p2)

[

gB1B2
1 (Q2)γµ +

gB1B2
2 (Q2)iσµβqβ

MB1

+
gB1B2
3 (Q2)qµ

MB1

]

γ5λ
χ

2
u1(p1), (2.6)

where the form factors are normalized to the mass MB1 of the decaying particle. The

form factors are known to be the real functions of the momentum-transfer Q2 = −q2 with

q = p2−p1. We concentrate on the form factors fB1B2
1 (Q2), fB1B2

2 (Q2) and gB1B2
1 (Q2). The

fB1B2
3 (Q2), gB1B2

3 (Q2) and gB1B2
2 (Q2) are neglected since the first two are always suppressed

by a factor of (me/MB)2 due to qµ in the cross section and the latter one is entirely due to

the SU(3) symmetry breaking that is small for the octet baryons. We will first determine the

SHD constants at Q2 = 0 and the radii of these form factors for the transitions mentioned

above. In order to calculate these form factors, we will use the rest frame of the decaying

baryon B1, i.e. p1 = (MB1 , 0), p2 = (E2,q), where we have the kinematics

q2 =

(

Q2 +M2
B1

+M2
B2

2MB1

)2

−M2
B2
, E2 =

Q2 +M2
B2

+M2
B1

2MB1

. (2.7)

For the matrix element of the vector current given in eq. (2.5), it is more convenient in the

present scheme to calculate the Sachs-type form factors GB1B2
E (Q2) and GB1B2

M (Q2), since

they are directly related to the matrix elements of the time and space components of the

vector current as follows:

GB1B2
E (Q2) =

∫

dΩq

4π
〈B2(p2)|J0

V (0)|B1(p1)〉, (2.8)

GB1B2
M (Q2) = 3Mp

∫

dΩq

4π

qiǫik3

i | q |2 〈B2(p2)|Jk
V (0)|B1(p1)〉, (2.9)

where GB1B2
M (Q2) is multiplied by the proton mass Mp. This gives in the rest frame of B1

by explicitly applying those projections to the right-hand side of eq. (2.5) for equal initial

and final baryon spins:

GB1B2
E (Q2) = NfB1B2

1 (Q2) − fB1B2
2 (Q2)

1

MB1

Nq2

E2 +MB2

+ fB1B2
3 (Q2)

q0

MB1

N, (2.10)

GB1B2
M (Q2) =

2MpN

E2 +MB2

[

fB1B2
1 (Q2) + fB1B2

2 (Q2)
MB1 +MB2

MB1

]

(2.11)

with N =
√

(E2 +MB2)/(2MB2). The MB1 in the denominator comes from the normaliza-

tion of fB1B2
2 (Q2) and fB1B2

3 (Q2). The operators applied on the time and space components

of the vector current in eqs. (2.8), (2.9) are the same that project out the normal Sachs form

factors GE(Q2), GM (Q2) in the case of, e.g., the proton electric and magnetic form factors.

In order to extract the form factors gB1B2
1 (Q2), it is helpful to contract the spacial

component of the current in eq. (2.6), multiplying by q × (q×, and to perform afterwards
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the average over the orientation of the angular momentum. Choosing the initial and final

baryon-spins to be equal, we extract gB1B2
1 (Q2) from the third spacial component.

∫

dΩq

4π
q ×

(

q × 〈B2(p2)|JA(0)|B1(p1)〉
)

= NgB1B2
1 (Q2)(−)

2

3
q2φ†

s2σφs1 , (2.12)

gB1B2
1 (Q2) =

1

N
(−)

3

2

1

q2

∫

dΩq

4π
q ×

(

q × 〈B2(p2)|JA(0)|B1(p1)〉
)

z
. (2.13)

3. The form factors in the chiral quark-soliton model

In this section, we show briefly how to compute eqs. (2.8), (2.9), (2.13) in the SU(3)

χQSM. For details we refer to ref. [24, 39 – 41]. In general, the baryonic matrix elements

are expressed by

〈B2(p2)|J µχ(0)|B1(p1)〉 = 〈B2(p2)|ψ(0)Oµχψ(0)|B1(p1)〉, (3.1)

where the explicit form of Oµχ are found in eqs. (2.8), (2.9), (2.13). In order to evaluate

the matrix elements in the model, we start from the low-energy effective partition function

defined as follows:

ZχQSM =

∫

DψDψ†DU exp

[

−
∫

d4xψ†iD(U)ψ

]

=

∫

DU exp(−Seff [U ]), (3.2)

where ψ and U denote the quark and pseudo-Goldstone boson fields, respectively. The Seff

stands for the effective chiral action expressed as

Seff(U) = −NcTr ln iD(U), (3.3)

where Tr represents the functional trace, Nc the number of colors, and D the Dirac differ-

ential operator in Euclidean space:

D(U) = γ4(i/∂ − m̂−MUγ5) = −i∂4 + h(U) − δm. (3.4)

We assume isospin symmetry and decompose the current quark mass matrix into m̂ =

diag(m, m, ms) = m + δm with m and ms as the average of the up- and down-quark

masses and strange quark mass, respectively. The δm is given by

δm = M1γ
41 +M8γ

4λ8, (3.5)

where M1 and M8 are singlet and octet components of the current quark masses defined

as M1 = (−m + ms)/3 and M8 = (m − ms)/
√

3. The ∂4 designates the derivative with

respect to the Euclidean time and h(U) stands for the Dirac single-quark Hamiltonian:

h(U) = iγ4γi∂i − γ4MUγ5 − γ4m. (3.6)

For the chiral field Uγ5 , we assume Witten’s embedding of the SU(2) soliton into SU(3)

USU(3) =

(

USU(2) 0

0 1

)

(3.7)
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with the SU(2) pion field π(x) as

Uγ5 = exp(iγ5τ iπi(x)) =
1 + γ5

2
U +

1 − γ5

2
U †. (3.8)

The integration over the pion field in eq. (3.2) can be done by using the saddle-point

approximation in the large Nc limit due to the Nc factor in eq. (3.3). In order to find the

pion field that minimizes the action in eq. (3.3) and to calculate eq. (3.1), we make the

following Ansätze. The SU(2) pion field U has the most symmetric form known as the

hedgehog form:

USU2 = exp[iγ5n̂ · τP (r)], (3.9)

where P (r) is the radial pion profile function.

The baryon state is defined as an Ioffe-type current consisting of Nc valence quarks [24]:

|B(p)〉 = lim
x4→−∞

1√
Z
eip4x4

∫

d3x ei p·x J†
B(x) |0〉,

JB(x) =
1

Nc!
Γ

b1···bNc

B εβ1···βNc ψβ1b1(x) · · ·ψβNc bNc
(x), (3.10)

where the matrix Γ
b1...bNc

B carries the hyper-charge Y , isospin I, I3 and spin J, J3 quantum

numbers of the baryon. The bi and βi denote the spin-flavor- and color-indices, respectively.

Thus, we can write the baryonic matrix element of the quark current J µχ as follows:

〈B2(p2)|J µχ(0)|B1(p1〉 =
1

Z lim
T→∞

e−ip4
2

T
2
+ip4

1
T
2

∫

d3x′d3xeip1·x−ip2·x′

×
∫

DUDψ†DψJB′

(

T

2
,x′
)

J µχ(0)J†
B

(

−T
2
,x

)

× exp

[

−
∫

d4xψ†iD(U)ψ

]

. (3.11)

Taking J µχ(0) = 1 in eq. (3.11), we get the nucleon correlation function from which we

can obtain the expression for the classical nucleon mass in the limit of T → ∞. The self-

consistent soliton profile Pc(r) in the saddle-point approximation is found by minimizing

the nucleon mass in the χQSM, i.e., by solving numerically the equation of motion coming

from δSeff/δP (r) = 0.

Since the soliton does not have good quantum numbers for rotations as well as trans-

lations, we need to quantize it. This can by done by the zero-mode quantization as follows:

U(x, t) = A(t)Uc(x − z(t))A†(t), (3.12)

where A(t) denotes a unitary time-dependent SU(3) collective orientation matrix and z(t)

stands for the time-dependent translation of the center of mass of the soliton in coordinate

space. A detailed formalism can be found in refs. [24, 39]. Taking the zero-modes into

account, we find the Dirac operator in eq. (3.4) in the following form:

D(U) = Tz(t)A(t)
[

D(Uc) + iΩ(t) − Ṫ †
z(t)Tz(t) − iγ4A†(t)δmA(t)

]

T †
z(t)A

†(t), (3.13)

– 6 –



J
H
E
P
0
7
(
2
0
0
8
)
1
3
2

where the Tz(t) denotes the translational unitary operator and the Ω(t) represents the

soliton angular velocity defined as

Ω = −iA†Ȧ = − i

2
Tr(A†Ȧλα)λα =

1

2
Ωαλ

α. (3.14)

Assuming that the soliton rotates and moves slowly, we can treat the Ω(t) and Ṫ †
z(t)Tz(t)

perturbatively. Moreover, the strange current quark mass m̂ is regarded as a small param-

eter, so that we also deal with δm perturbatively. The collective baryon wavefunction on

the level of eq. (3.11) is then introduced as

ψ
(R;Y II3)
(R∗;Y ′JJ3)

(A) := lim
T 7→∞

1√
Z
e−p4′T/2

∫

d3u′eip
′·u′

(Γ
b1...bNc

B )∗ΠNc

l=1

[

ϕ†
v,bl

(u′)A†]. (3.15)

Having expanded and quantized the soliton, we obtain the following collective Hamilto-

nian [42]:

Hcoll = Hsym +Hsb , (3.16)

where Hsym and Hsb represent the SU(3) symmetric and symmetry-breaking parts, respec-

tively:

Hsym = Mc +
1

2I1

3
∑

i=1

JiJi +
1

2I2

7
∑

a=4

JaJa,

Hsb =
1

m
M1ΣSU(2) + αD

(8)
88 (A) + βY +

γ√
3
D

(8)
8i (A)Ji. (3.17)

The Mc denotes the mass of the classical soliton and Ii and Ki are the moments of inertia

of the soliton [24], of which the corresponding expressions can be found in ref. [43] explic-

itly. The components Ji denote the spin generators and Ja correspond to those of right

rotations in flavor SU(3) space. The ΣSU(2) is the SU(2) pion-nucleon sigma term. The

D
(8)
88 (A) and D

(8)
8i (A) stand for the SU(3) Wigner D functions in the octet representation.

The Y is the hypercharge operator. The parameters α, β, and γ in the symmetry-breaking

Hamiltonian are expressed, respectively, as follows:

α =
1

m

1√
3
M8ΣSU(2)−

Nc√
3
M8

K2

I2
, β = M8

K2

I2

√
3, γ = −2

√
3M8

(

K1

I1
− K2

I2

)

. (3.18)

The collective wavefunctions of the Hamiltonian in eq. (3.16) can be found as the SU(3)

Wigner D functions in representation R:

〈A|R, B(Y II3, Y
′JJ3)〉 = Ψ

(R;Y II3)
(R∗;Y ′JJ3)

(A) =
√

dim(R) (−)J3+Y ′/2D
(R)∗
(Y,I,I3)(−Y ′,J,−J3)

(A).

(3.19)

The Y ′ is related to the eighth component of the angular velocity Ω that is due to the

presence of the discrete valence quark level in the Dirac-sea spectrum. Its presence has no

effect on the chiral field, so that it is constrained to be Y ′ = −Nc/3 = −1. In fact, this

constraint allows us to have only the SU(3) representations with zero triality.

– 7 –
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Due to flavor SU(3) symmetry breaking the collective baryon states are not in a pure

representation but get mixed with other representations. This can be treated by first-order

perturbation for the collective Hamiltonian:

|BR〉 = |Bsym
R 〉 −

∑

R′ 6=R
|BR′〉 〈BR′ |Hsb |BR〉

M(R′) −M(R)
. (3.20)

Solving eq. (3.20), we obtain the collective wavefunctions for the baryon octet:

|B8〉 = |81/2, B〉 + cB
10
|101/2, B〉 + cB27|271/2, B〉, (3.21)

where the mixing coefficients cB
10

and cB27 are defined as

cB
10

= c10

[√
5, 0,

√
5, 0
]

, cB27 = c27

[√
6, 3, 2,

√
6
]

(3.22)

in the basis [N,Λ,Σ,Ξ] with

c10 = − I2
15

(

α+
1

2
γ

)

, c27 = − I2
25

(

α− 1

6
γ

)

. (3.23)

We are now in a position to evaluate the baryonic matrix elements such as eq. (3.1), i.e.

to solve eq. (3.11) with a certain expression of J µχ(0) given. We have now the general

expression for the baryonic matrix elements as follows:

〈B2(p2)|ψ†(0)Oµχψ(0)|B1(p1)〉 =

∫

dA

∫

d3z eiq·zΨ∗
B2

(A)Gµχ(z)ΨB1(A)eSeff , (3.24)

where dA and d3z arise from the zero-mode quantizations and the expression Gµχ(z) con-

tains the specific form factor parts. We have used again the saddle-point approximation

and expanded the Dirac operator with respect to Ω and δm to the linear order and Ṫ †
z(t)Tz(t)

to the zeroth order. Defining J µχ(0) and contracting the Lorentz index in eq. (3.24) ac-

cording to eqs. (2.8), (2.9), (2.13), we get the final expressions in the χQSM for the vector

form factors as follows:

Gχ
E(Q2) =

∫

d3z j0(|q||z|) 〈B2|Gχ
E(z)|B1〉, (3.25)

Gχ
M (Q2) = Mp

∫

d3z
j1(|q||z|)
|q||z| 〈B2|Gχ

M (z)|B1〉, (3.26)

and axial-vector form factors as

gχ
1 (Q2) =

∫

d3z
[

j0(|z||q|) 〈B2|Gχ
10(z)|B1〉−

√
2πj2(|z||q|) 〈B2 |{Y2⊗Gχ

1 (z)}10|B1〉
]

, (3.27)

where j0,1,2 denote the spherical Bessel functions. The expressions Gχ
E(z), Gχ

M (z) and

Gχ
10(z), {Y2 ⊗ Gχ

1 (z)}10 can be found in appendix A. The expansion in Ω and δm provides

the following structure of the form factor structure:

GB1B2
E,M,A(Q2) = G

(Ω0,m0
s)

E,M,A (Q2) +G
(Ω1,m0

s)
E,M,A (Q2) +G

(m1
s),op

E,M,A (Q2) +G
(m1

s),wf
E,M,A (Q2), (3.28)
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where the first term corresponds to the leading order (Ω0,m0
s), the second one to the first

1/Nc rotational corrections (Ω1,m0
s), the third to the linear ms corrections coming from

the operator, and the last one to the wavefunction corrections, respectively.

In the whole approach we take only orders of O(m0
s) and O(m1

s) into account for

the expression Gµχ and consider only the zeroth order O(m0
s) for the expression eiq·z in

eq. (3.24). In the χQSM, we may write the masses MB2 of the baryon octet as

MB2 = MB1 + const ·ms (3.29)

with MB1 ∼ O(Nc), so that the second term is of order O(N0
c ,m

1
s). Inserting eq. (3.29)

in the definition of the momentum transfer in eq. (2.7) and neglecting all terms of higher

order than O(m0
s), we get

q2 Nc→∞
= Q2, (3.30)

which means that for each transition form factor the momentum dependence turns out to be

j0,1,2(|q||z|) → j0,1,2(
√

Q2|z|) . (3.31)

In order to get the baryonic matrix element in the form of eq. (3.24), we have used the

large Nc limit. Taking also the limit of Nc → ∞ on the r.h.s. of eqs. (2.10), (2.11), we

obtain the following relations:

EB = MB +
p

2MB
+ O(N−2

c ),
√

EB +MB

2MB
= 1 + O(N−2

c ),

1

MB1

Nq2

E2 +MB2

= O(N−2
c ) + O(N−1

c ,m1
s),

q0

MB1

N = O(N−2
c ) + O(N−1

c ,m1
s),

2MpN

E2 +MB2

=
2Mp(1 + O(N−2

c ))

2MB2(1 + O(N−2
c ))

=
Mp

MB2

, (3.32)

so that the vector form factors calculated in the χQSM via eqs. (3.25), (3.26) corresponds to

GB1B2
E (Q2) = fB1B2

1 (Q2) (3.33)

GB1B2
M (Q2) =

Mp

MB2

[

fB1B2
1 (Q2) + fB1B2

2 (Q2)
MB1 +MB2

MB1

]

. (3.34)

The factor of 1/N in eq. (2.13) reduces to 1 because of the same arguments.

In the χQSM Hamiltonian of eq. (3.6), the constituent quark mass M is the only free

parameter and M = 420MeV is known to reproduce very well experimental data [29, 40,

35, 39]. Though the M = 420 MeV yields the best results for the baryon octet, we will

present also those for M = 400MeV and M = 450MeV to see the M dependence of the

results in this work. Throughout this work the strange current quark mass is fixed to

ms = 180MeV. In order to tame the divergent quark loops, we employ in this work the

proper-time regularization. The cut-off parameter and m are fixed for a given M to the
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I1 [fm] I2 [fm] K1 [fm] K2 [fm] ΣπN [MeV] c10 c27
1.06 0.48 0.42 0.26 41 0.037 0.019

Table 1: Moments of inertia and mixing coefficients for M = 420 MeV.

pion decay constant fπ and mπ, respectively. The numerical results for the moments of

inertia and mixing coefficients are summarized in table 1 for M = 420 MeV. The results

in table 1 are obtained with the same parameters used in previous works [35, 44, 45].

We want to emphasize that all model parameters are the same as before. In previous

works, the axial-vector form factors for the nucleon were already calculated. The axial-

vector constants g3
A, g

8
A were found to be g3

A = 1.176 and g8
A = 0.36 which is in very good

agreement with experimental data g3
A = 1.267 ± 0.0029 [46] and g8

A = 0.338 ± 0.15 [47].

With these numerical parameters, the χQSM yields the masses of the octet baryons in unit

of MeV as ref. [38]:

MN = 1001(939), MΛ = 1124(1116), MΣ = 1179(1189), MΞ = 1275(1318), (3.35)

where the numbers in the parentheses are the experimental values of the Particle Data

Group [46]. The χQSM values were obtained by first calculating the hyper-charge splittings

with eq. (3.16) and using the experimental octet mass center of M8 = (MΛ + MΣ)/2 =

1151.5MeV.

4. Results and discussion

In the present work, we consider linear ms corrections. According to the Ademollo-Gatto

theorem [5] SU(3) symmetry-breaking effects contribute to the matrix elements of the

vector current between the states in the same SU(3) multiplet earliest at second order in

ms. Since we restrict ourselves in the present investigation to first order in ms, we have for

fB1B2
1 (0) only the SU(3) symmetric results. The SHD constants in the χQSM were already

investigated in ref. [8]. The constants of g1(0)/f1(0) were also discussed in the χQSM

formulated in a Fock representation on the light cone [48]. In the present work we will

extend the earlier work [8] by considering the full form factors of f1(Q
2), f2(Q

2) and g1(Q
2)

up to Q2 ≤ 1GeV2 and also taking into account the symmetry-conserving quantization.

The symmetry-conserving quantization was found after the publication of ref. [8] and does

also have effects on the SHD constants.

4.1 SHD vector form factors

We now present the results for the vector transition form factors fB1B2
1 (Q2) and fB1B2

2 (Q2)

in the χQSM, for which we have the following relations from eq. (3.33):

fB1B2
1 (Q2) = GB1B2

E (Q2), fB1B2
2 (Q2) =

MB1

MB1 +MB2

[

GB1B2
M (Q2)

MB2

Mp
−fB1B2

1 (Q2)

]

.

(4.1)
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We first discuss the results of the SHD constants at Q2 = 0. Due to the expressions
∫

d3z B(z) = 3,
1

Ii

∫

d3z Ii(z) = 1,
1

Ki

∫

d3zKi(z) = 1,

∫

d3z C(z) = 0, (4.2)

we see that eq. (3.25) with eq. (A.1) and the corresponding coefficients in appendix C give

the following values:

fnp
1 (0) = 1, fΣ−n

1 (0) = 1,

fΣ−Λ
1 (0) = 0, fΛp

1 (0) =

√

3

2
,

fΣ−Σ0

1 (0) =
√

2, fΞ−Σ0

1 (0) =
1√
2
,

fΞ−Ξ0

1 (0) = 1, fΞ−Λ
1 (0) =

√

3

2
. (4.3)

Since we only take linear ms corrections into account the ms corrections both from the

operator and from the wavefunction add up to zero at Q2 = 0 which is the consequence of

the Ademollo-Gatto theorem.

In the case of the SHD constants f2(0), eq. (3.26) for GB1B2
M (0) is involved. This

expression contains explicitly a factor of Mp. The proton mass in the χQSM turns out to

be 1.36 times larger than the experimental proton mass, i.e. MχQSM
p = 1.36M exp

p . This

is a well understood property of the χQSM [49], whose consequences we cure as usual in

the following way. We will calculate eq. (3.26), which is a pure model expression, with

the soliton-nucleon mass. However, having determined the GB1B2
M (0), we will then use

experimental values for further calculations, such as calculating fB1B2
2 (0) in eq. (4.1). The

used experimental masses are given in units of GeV as follows:

Mp = MN = 0.939, MΛ = 1.116,

MΣ = 1.186, MΞ = 1.318. (4.4)

Results for the constants fB1B2
1 (0), GB1B2

M (0) and fB1B2
2 (0) are given in table 2 for the

constituent quark mass of M = 420MeV. We find that the constants are not sensitive to

M . In ref. [8] it was found that linear ms corrections to the form factor f2 are sizable

for some transitions, explicitly for the transitions Σ− → Σ0 and Ξ− → Σ0. Due to the

application of the symmetry-conserving quantization the absolute values of the transition

constants are changing but the effects of the ms corrections on this work are comparable to

those in ref. [8]. In the case of GM (0), we have used the soliton-nucleon mass in eq. (3.34),

while we have employed experimental masses for eq. (4.1).

We compare our present results of the ratios (f2(0)/f1(0))
B1B2 with those of refs. [6, 8].

In ref. [6], the following relations are used:

(f2(0)

f1(0)

)np
=
Mn

Mp

(κp − κn)

2
,

(f2(0)

f1(0)

)Σ−n
=
MΣ−

Mp

(κp + 2κn)

2
,

(f2(0)

f1(0)

)Σ−Λ
= −MΣ−

Mp

κn

2

√

3

2
,

(f2(0)

f1(0)

)Λp
=
MΛ

Mp

κp

2
,
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G
SU(3)
M (0) G

m0
s+m1

s

M (0) f1(0) f
SU(3)
2 (0) f

m0
s+m1

s

2 (0)

n→ p 4.10 4.13 1 1
2 (κp − κn) = 1.55 1.57

Σ− → Λ 2.00 2.02 0 −
√

3
8κn = 1.00 1.24

Σ− → Σ0 2.33 2.35
√

2 1√
2
(κp + 1

2κn) = 0.46 0.78

Ξ− → Ξ0 −0.80 −0.81 1 1
2 (κp + 2κn) = −0.90 −1.07

Σ− → n −0.80 −0.73 1 1
2 (κp + 2κn) = −0.90 −0.96

Λ → p 3.02 2.83
√

3
2

√

3
8κp = 0.90 0.87

Ξ− → Σ0 2.90 2.72 1√
2

1
2
√

2
(κp − κn) = 1.10 1.44

Ξ− → Λ 1.02 0.97
√

3
2

√

3
8 (κp + κn) = −0.10 −0.04

Table 2: Results for fB1B2

1 (0), GB1B2

M (0) and fB1B2

2 (0) in the self-consistent χQSM for the

constituent quark mass of 420MeV. We show the results with and without linear ms corrections.

The SHD constants fB1B2

1 (0) do not acquire any linear ms corrections. The superscript [SU(3)]

indicates the SU(3) symmetry conserving approximation. The final results are given in the column

f1(0) and in the columns with superscript [m0
s +m1

s]. The SU(3) anomalous magnetic moments of

the nucleons in the χQSM are obtained as κp = 1.47 and κn = −1.64.

(f2(0)

f1(0)

)Σ−Σ0

=
MΣ−

Mp

(2κp + κn)

4
,

(f2(0)

f1(0)

)Ξ−Σ0

=
MΞ−

Mp

(κp − κn)

2
,

(f2(0)

f1(0)

)Ξ−Ξ0

=
MΞ−

Mp

(κp + 2κn)

2
,

(f2(0)

f1(0)

)Ξ−Λ
= −MΞ−

Mp

(κp + κn)

2
,

where the experimental anomalous magnetic moments are given as κp = 1.793µN and

κn = −1.91µN with µN being the nuclear magneton. In table 3, we compare our final

results for (f2/f1)
B1B2 with those of the Cabibbo model in SU(3) as well as with those in

ref. [8]. As for the constants f2(0), the ratios (f2/f1)
B1B2 show strong ms contributions as

found in ref. [8]. Prominent are the transitions Σ− → Σ0 and Ξ− → Σ0. Experimental

data on the SHD (f2(0)/f1(0)) ratios are available only for three transitions: Σ− → n,

Λ → p and Ξ0 → Σ+ [51, 6, 50, 12, 10]. We can use the following isospin relations given in

appendix C:

Ξ0 → Σ+ =
√

2
[

Ξ− → Σ0
]

, (4.5)

for both fΞΣ
2 (0) and fΞΣ

1 (0), so that we have the results as listed in table 3:

fΞ0Σ+

1 (0) = 1, f
Ξ0Σ+ SU(3)
2 χQSM (0) = 1.56, f

Ξ0Σ+ m0
s+m1

s

2 χQSM (0) = 2.02. (4.6)

Comparing our results with the experimental data as shown in table 3, we find that they

are in good agreement with the data.

We now consider the SHD form factors for finite Q2 up to Q2 ≤ 1GeV2 by starting

with fB1B2
1 (Q2). The f1 form factors are depicted in the left panel of figure 1. In general,

the form factors fB1B2
1 (Q2) do not show any significant dependence on the constituent

1Since fΣ−Λ
1 (0) = 0, we list f2(0) instead f2/f1.

2The data correspond to the Ξ0
→ Σ+ transition.
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f2(0)/f1(0) CM [8] m0
s +m1

s [8] χQSMSU(3) χQSMm0
s+m1

s
Experiment

n→ p 1.85 1.85 1.55 1.57

Σ− → Λ 1 1.17 1.33 1.00 1.24

Σ− → Σ0 0.42 0.52 0.33 0.55

Ξ− → Ξ0 −1.01 · · · −0.90 −1.08

Σ− → n −1.02 −1.01 −0.90 −0.96 −0.96 ± 0.15

Λ → p 0.90 0.79 0.73 0.71 0.15 ± 0.30; 1.34±0.20
1.238±0.024

1.32 ± 0.81

Ξ− → Σ0 1.85 1.73 1.56 2.02 2.0
±1.2(stat)
±0.5(syst)

2

Ξ− → Λ −0.06 −0.09 −0.08 −0.02

Table 3: Results for the ratios (f2/f1)
B1B2 in the self-consistent χQSM for the constituent

quark mass 420MeV. In the second column, the results of the Cabibbo model [6] (CM) are listed,

while in the third column those of the χQSM [8] without the symmetry-conserving quantization

are presented. The next two columns list the results of the present work without and with ms

corrections. The final results are given by χQSMm0
s
+m1

s

. Experimental data are taken from refs. [51,

6, 50, 12, 10].

quark mass M in the range of M = 400 MeV to M = 450 MeV. Due to the Ademollo-

Gatto theorem, the linear ms corrections vanish exactly at Q2 = 0. For finite Q2, linear

ms corrections are negligible for all transitions. Only for the Σ− → Λ transition, they

contribute to the form factor by about 10%. We fitted the χQSM results of the fB1B2
1 (Q2)

form factors, using a dipole-type parameterization:

fB1B2
1 (Q2) =

fB1B2
1 (0)

(1 +Q2/M2
f1

)2
, (4.7)

where the radius of fB1B2
1 (0) is given by 〈rf1〉2 = 12/M2

f1
fm2. The dipole masses Mf1 are

listed in table 4 for M = 420 MeV with linear ms corrections. Reference [6] gives a dipole

mass of Mnp
f1

= 0.84 ± 0.04 GeV, while the present result is Mnp
f1

= 0.752 GeV. The dipole

mass of the electric proton form factor within the same scheme as used in the present work

is MχQSM
Gp

E

= 0.779 GeV whereas the empirical dipole mass is M exp
Gp

E

≈ 0.710 GeV. Thus, the

dipole mass of the n→ p SHD form factor is very similar to that of the proton electric one.

As for the SHD GB1B2
M (Q2) form factors, the linear ms corrections turn out to be small.

In particular they are almost negligible for the ∆S = 0 and contribute to the ∆S = 1

transitions by about (5 ∼ 11)%. This is due to the fact that each term in the linear ms

contributions interferes each other destructively. The dependence on the constituent quark

mass M is also very weak. The form factors GM and f2 can be also parameterized in the

dipole form as follows:

GB1B2
M (Q2) =

GB1B2
M (0)

(1 +Q2/M2
GM

)2
, fB1B2

2 (Q2) =
fB1B2
2 (0)

(1 +Q2/M2
f2

)2
. (4.8)

The results of the corresponding dipole masses are listed in table 4 for M = 420 MeV.

The radii are given by 〈rGM
〉2 = 12/M2

GM
and 〈rf2〉2 = 12/M2

f2
. The full form factors are

presented in the lower panel of figure 1.
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Mf1 [MeV] 〈r2f1
〉 [fm2] MGM

[MeV] 〈r2GM
〉 [fm2] Mf2 [MeV] 〈r2f2

〉 [fm2]

n→ p 752 0.826 842 0.659 871 0.616

Σ− → Λ · · · · · · 844 0.656 862 0.629

Σ− → Σ0 807 0.717 847 0.651 887 0.594

Ξ− → Ξ0 865 0.624 832 0.675 844 0.656

Σ− → n 882 0.600 860 0.632 874 0.612

Λ → p 804 0.723 857 0.636 896 0.582

Ξ− → Σ0 766 0.796 862 0.629 889 0.591

Ξ− → Λ 842 0.659 865 0.624 506 1.824

Table 4: Dipole masses and radii of the SHD form factors f1, GM , and f2 in the self-consistent

χQSM for M = 420MeV with linear ms corrections taken into account, i.e. χQSMm0
s
+m1

s

.
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Figure 1: SHD form factors fB1B2

1 (Q2) and fB1B2

2 (Q2) in the self-consitent χQSM for M =

420MeV with linear ms corrections taken into account. In the upper panel, the form factors for the

∆S = 0 transitions are drawn and in the lower panel those for the ∆s = 1 transitions are depicted.

It is also of great interest to compare the present results with the recent investigation

of fB1B2
2 (0) and 〈rf1〉2 for the ∆S = 1 transitions in χPT to order O(p4) [52]. As shown
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〈rf1〉2/fm2 χPT O(p4) χQSM

Σ− → n 0.72 0.60

Λ → p 0.70 0.72

Ξ− → Σ0 0.77 0.80

Ξ− → Λ 0.65 0.66

fB1B2
2 (0) χPT O(p4) χQSM

Σ− → n −1.00 −0.96

Λ → p 0.88 0.88

Ξ− → Σ0 1.90 1.43

Ξ− → Λ −0.05 −0.03

Table 5: Comparison of the final results of χQSMm0
s
+m1

s

for 〈rf1
〉2 and f2(0) with those of χPT

to order O(p4) [52] in which the normalization is given as f2(0) = κ m1

2mp

.

in table 5, they are in good agreement each other except for the Ξ− → Σ0 transition.

4.2 SHD axial-vector form factors

We present now the results of the SHD axial-vector form factors gB1B2
1 (Q2). The SHD

axial-vector constants are insensitive to the constituent quark mass M . Varying M from

400 to 450 MeV, they are changed just by about 5%. The linear ms corrections turn out to

be also small. Figure 2 depicts the SHD axial-vector form factors gB1B2
1 (Q2) for all relevant

processes. The dipole parameterization is used for fitting the axial-vector form factors in

the χQSM:

gB1B2
1 (Q2) =

gB1B2
1 (0)

(1 +Q2/M2
g1

)2
, (4.9)

where the corresponding radius is again given as 〈rg1〉2 = 12/M2
g1

. The axial-vector con-

stants and dipole masses are given in table 6. In flavor SU(3) symmetry, the axial-vector

part of the SHD can be characterized by two form factors F (Q2) and D(Q2) that are

related to the proton triplet and octet axial-vector form factors:

g3
A(Q2) = F (Q2) +D(Q2),

g8
A(Q2) =

1√
3

(

3F (Q2) −D(Q2)
)

. (4.10)

The triplet and octet axial-vector constants g3
A(0) and g8

A(0) have been already calculated

explicitly in the χQSM [29] by using exactly the present formalism. The corresponding

values of F and D are given below, where linear ms corrections are taken into account:

g3
A(0) = 1.16, F (0) = 0.446, F (0)exp = 0.462 ± 0.008,

g8
A(0) = 0.36, D(0) = 0.714, D(0)exp = 0.804 ± 0.008. (4.11)

In table 7, the final results of the ratios (g1(0)/f1(0))
B1B2 are listed with and without

linear ms-corrections considered and are compared with the experimental data. Note that

these ratios were also investigated in the χQSM without the symmetry-conserving quanti-

zation [8] and in the infinite momentum frame [48] in flavor SU(3) symmetry. T he flavor

SU(3)-symmetry breaking contributions are negligible and the effect of the symmetry-

conserving quantization is moderate.

It is also interesting to consider the ratio of Λ → pe−ν to Σ− → ne−ν, since it is

known experimentally. The comparison can be found in the following:

(g1/f1)[Λ → pe−ν]
(g1/f1)[Σ− → ne−ν]

= −2.52, Exp.: − 2.11 ± 0.15. (4.12)
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g1(0) χQSMSU(3) χQSMm0
s+m1

s
χQSMSU(3) Mg1/GeV

n→ p 1.16 1.18 F +D = 1.16 1.04

Σ− → Λ 0.58 0.60
√

2
3D = 0.58 1.04

Σ− → Σ0 0.63 0.65
√

2F = 0.63 1.04

Ξ− → Ξ0 −0.27 −0.27 F −D = −0.27 1.05

Σ− → n −0.27 −0.27 F −D = −0.27 1.05

Λ → p 0.83 0.83
√

3
2 (F +D/3) = 0.84 1.06

Ξ− → Σ0 0.82 0.82
√

1
2(F +D) = 0.82 1.06

Ξ− → Λ 0.25 0.26
√

3
2 (F −D/3) = 0.25 1.05

Table 6: Results of the SHD axial-vector gB1B2

1 (0) constants and dipole masses MB1B2

g1
in the

self-consistent χQSM for M = 420MeV. The first two columns show the results without and with

ms corrections, respectively. The third column shows those calculated in SU(3) symmetry by using

the results of the proton g3
A and g8

A constants in the χQSM. The dipole masses are given in units

of GeV with linear ms corrections taken into account.
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Figure 2: SHD axial-vector form factors gB1B2

1 (Q2) in the self-consistent χQSM for M = 420MeV

with linear ms corrections taken into account. In the left and right panels, the form factors for the

∆S = 0 and ∆S = 1 transitions are drawn, respectively.

The result is in qualitative agreement with the data.

In flavor SU(3) symmetry, the transitions Ξ0 → Σ+e−ν̄e and n → pe−ν̄e are identical

except that the valence d quarks are replaced by s quarks in the initial and final state

baryons, respectively. In this case, only the CKM matrix elements become important to

distinguish these decay amplitudes. Experimental values for the Ξ0 → Σ+e−ν̄e decay are

available from ref. [10] and recently also from ref. [11]. The extracted value of g1/f1 for

Ξ0 → Σ+e−νe is presented as

(

g1/f1

)Ξ0Σ+

KTeV
= 1.32+0.21

−0.17stat ± 0.05syst,
(

g1/f1

)Ξ0Σ+

NA48/I
= 1.20 ± 0.05. (4.13)
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g1/f1 χQSMSU(3) χQSMm0
s+m1

s
IMF [48] ’98 [8] Exp.

n→ p 1.16 1.18 1.156 1.42 1.2695 ± 0.0029

Σ− → Λ 0.71 0.73 0.686 0.91 0.720 ± 0.020

Σ− → Σ0 0.45 0.46 0.470 0.55

Ξ− → Ξ0 −0.27 −0.27 −0.215

Σ− → n −0.27 −0.27 −0.215 −0.31 −0.340 ± 0.017

Λ → p 0.68 0.68 0.699 0.73 0.718 ± 0.015

Ξ− → Σ0 1.16 1.16 1.156 1.29 1.25+0.14
−0.16

Ξ− → Λ 0.20 0.21 0.242 0.22 0.25 ± 0.05

Table 7: Results for the ratios (g1/f1). The first two columns show the results of this work with

and without ms corrections, where our final results are given by χQSMm0
s
+m1

s

. The other two

columns correspond to those of the χQSM in the Fock representation on the light cone [48] and to

those of the old χQSM [8] without symmetry conserving quantization, respectively. Experimental

data are taken from ref. [46, 13, 12]. For the Σ− → Λ decay the value of
√

3

2
· gΣΛ

1 (0) is listed.

In the present work with SU(3)-symmetry breaking, we obtain the following result:

(

g1/f1

)Ξ0Σ+

χQSM
=
(√

2 · g1/(
√

2 · f1)
)Ξ−Σ0

χQSM
=
(√

2 · g1/1
)Ξ−Σ0

χQSM
= 1.16, (4.14)

which is close to the above experimental data as well as to the values of g1/f1 for n→ pe−ν̄e

(

g1/f1

)np

exp.
= 1.2695 ± 0.0029,

(

g1/f1

)np

χQSM
= 1.18, (4.15)

showing explicitly that ms contributions to the SHD are small.

In ref. [20], the CKM matrix element Vus was extracted within a large Nc approach.

The SHD form factors f1, f2 and g1 were fitted to experimental decay rates, angular

correlation, and asymmetry coefficients. The present work is consistent with the val-

ues presented in ref. [20]. Very recently, a lattice study of the Σ− → nlν decay was

performed [53]. A polynomial extrapolation to the physical point yields the value of

g1(0)/f1(0) = −0.287±0.052 with g2(0) = 0. The corresponding result of the present work

in table 7 is g1(0)/f1(0) = −0.27, which is consistent with the lattice one. The authors of

ref. [53] also computed g2(0) and obtained a rather large value of g2(0)/f1(0) = +0.63±0.26.

They calculated |(g1−0.133g2)/f1| = 0.37±0.08 which is in good agreement with the exper-

imental value of |(g1−0.133g2)/f1| = 0.327±0.007stat ±0.019syst extracted in ref. [51]. The

g2(Q
2) could also be calculated in the χQSM and in this way one could check if also there

a scenario with a large g2(0) comes out. In ref. [22], the SHD were investigated in a rela-

tivistic quark model, the results of the present work are compatible with those of ref. [22].

The dipole mass was extracted in refs. [6, 54]: MA = 1.08 ± 0.08 GeV for the n→ p decay

and MA = 1.25 GeV for ∆S = 1 decays. References [55, 56] presented MA = 0.96 GeV for

the ∆S = 0 decays and MA = 1.11 GeV for ∆S = 1. The corresponding results of the

present work are given as MA ≈ 1.04 GeV and MA = 1.06 GeV.
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5. Summary and conclusion

In the present work we investigated the semileptonic hyperon decays (SHD) within the

framework of the self-consistent SU(3) chiral quark-soliton model. We take into account

the linear rotational 1/Nc corrections as well as linear ms corrections and employ the

symmetry-conserving quantization. In particular, we calculated the SHD vector form fac-

tors f1(Q
2) and f2(Q

2) and axial-vector form factors g1(Q
2) for all relevant decays in the

baryon octet. Since f3(Q
2) and g3(Q

2) are always multiplied by a factor of (me/MB)2

in the transition amplitudes, we neglected them. The form factor g2(Q
2) was neglected,

assuming that it is very small.

The chiral quark-soliton model has been applied for many years successfully to various

obseervables in the hadronic and partonic sector. All numerical parameters of the present

investigation are the same as in previous works and were fixed by only four basic pion and

nucleon observables. A self-consistent soliton profile is used in order to solve numerically

for eigenvalues of the χQSM single-particle Hamiltonian. These eigenvalues were then used

for calculating every form factor of the present work.

We first discussed the results for the SHD constants at Q2 = 0 of the form factors f1

and f2, see table 2 for the final results. Since we only consider the linear ms-corrections, we

have the flavor-SU(3) symmetric results for f1(0), which is a consequence of the Ademollo-

Gatto theorem. Our values of f2/f1 agree qualitatively with those of the Cabibbo model

without and with SU(3)-symmetry breaking as well as with experimental data, see table 3

for the final results. Especially, the SHD constants for the Σ− → n and Ξ0 → Σ+ processes

agree very well with the new experimental data. The ms corrections to f2(0) for both

the ∆S = 0 and ∆S = 1 transitions turn out to be sizeable in accrodance with previous

calculations in the χQSM. The vector radii and dipole masses were listed in table 4. The

dipole mass for the n → p decay was obtained as Mnp
f1

= 0.752 GeV which is comparable

to those in the literature. The ∆S = 1 constants f2(0) and radii of f1(Q
2) in the χQSM

do also agree with a calculation in chiral perturbation theory to order O(p4).

Second, we discussed the SHD constants and dipole masses of the axial-vector form

factor g1(Q
2), see tables 6 and 7 for the final results. The dipole masses for the ∆S = 0

decays turned out to be Mg1 = 1.04 GeV and for the ∆S = 1 decays Mg1 = 1.06 GeV.

The results of the SHD axial-vector constants of the present work are in good agreement

with calculations done in the Fock state representation of the χQSM on the light cone.

Various ms corrections in the form factor g1(Q
2) destructively interfere, so that the total

ms corrections become rather small. The application of the symmetry-conserving quanti-

zation reduces the ms corrections even further. The first determination of (g1/f1) for the

process Σ− → nlν on the lattice yielded a value of −0.287 ± 0.052, while the present work

gives −0.27. In addition, the chiral quark-soliton model reproduces very well the recent

measured value of (g1/f1) = 1.20 ± 0.05 by the NA48/I collaboration. Overall, the chi-

ral quark-soliton model with the present techniques reproduces the existing experimental

data very accurately. Since the chiral quark-soliton model is the simplest current quark

model showing spontaneous breaking of chiral symmetry the present calculation shows how

important this effect is for the physics of light baryons.
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A. Form factors in the χQSM

The electric density in eq. (3.25) is given by

Gχ
E(z) = D

(8)
χ8

√

1

3
B(z) − 2

I1
D

(8)
χi JiI1(z) − 2

I2
D(8)

χa JaI2(z)

− 2√
3
M1D

(8)
χ8 C(z) − 2

3
M8D

(8)
88 D

(8)
χ8 C(z)

+4
K1

I1
M8D

(8)
8i D

(8)
χi (z)I1(z) + 4

K2

I2
M8D

(8)
8a D

(8)
χa I2(z)

−4M8D
(8)
8i D

(8)
χi K1(z) − 4M8D

(8)
χaD

(8)
8a K2(z), (A.1)

and the magnetic density in eq. (3.26) by

Gχ
M (z) = −

√
3D

(8)
χ3 Q0(z)− 1√

3

1

I1
D

(8)
χ8 J3X1(z)+

√
3

1

I1
dab3D

(8)
χb JaX2(z)+

√

1

2

1

I1
D

(8)
χ3 Q1(z)

+
2√
3

K1

I1
M8D

(8)
83 D

(8)
χ8 X1(z) − 2

√
3
K2

I2
M8D

(8)
8a D

(8)
χb dab3X2(z)

+2
√

3

[

M1D
(8)
χ3 +

1√
3
M8D

(8)
88 D

(8)
χ3

]

M0(z)

− 2√
3
M8D

(8)
83 D

(8)
χ8 M1(z) + 2

√
3M8D

(8)
χaD

(8)
8b dab3M2(z). (A.2)

The axial-vector density in eq. (3.27) is given by

Gχ
10(z) = −

√

1

3
D

(8)
χ3 A(z) +

1

3
√

3

1

I1
D

(8)
χ8 J3B(z) −

√

1

3

1

I2
D(8)

χa Jbd
ab3C(z)

− 1

3
√

2

1

I1
D

(8)
χ3 D(z) − 2

3
√

3

K1

I1
M8D

(8)
83 D

(8)
χ8 B(z) +

2√
3

K2

I2
M8D

(8)
8a D

(8)
χb d

ab3C(z)

− 2√
3

[

M1D
(8)
χ3 +

1√
3
M8D

(8)
88 D

(8)
χ3

]

H(z)

+
2

3
√

3
M8D

(8)
83 D

(8)
χ8 I(z) − 2√

3
M8D

(8)
8a D

(8)
χb d

ab3J (z). (A.3)
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The explicit expressions for B(z),I1(z), . . . ,J (z) can be found in the following appendices

for each form factor. The baryon matrix-elements, such as 〈B′|D(8)
χ3 |B〉, are evaluated by

using the SU(3) group algebra [58, 57]

〈B′
R′ |Dn

χm(A)|BR〉 =

√

dimR′

dimR (−1)
1
2
Y ′

s+S′
3(−1)

1
2
Ys+S3

×
∑

γ

(

R′ n Rγ

Q′ χ Q

)(

R′ n Rγ

−Y ′
sS

′ − S′
3 m −YSS − S3

)

, (A.4)

with Q = Y II3. (· · · ) denote the SU(3) Clebsch-Gordan coefficients. The results for all

transitions in eqs. (2.2), (2.3) are listed below.

B. Form factor densities

B.1 χQSM electric densities

The electric densities are

1

Nc
B(z)=ϕ†

v(z)ϕv(z) − 1

2

∑

n

sign(εn)φ†n(z)φn(z),

δij

Nc
I1(z)=

1

2

∑

εn 6=εv

1

εn−εv
〈v|τ i|n〉φ†n(z)τ jφv(z)+

1

4

∑

n,m

R3(εn, εm)〈n|τ i|m〉φ†m(z)τ jφn(z),

1

Nc
I2(z)=

1

4

∑

ε
n0

1

εn0 − εv
〈n0|v〉φ†v(z)φn0(z) +

1

4

∑

n,m0

R3(εn, εm0)φ†
m0(z)φn(z)〈n|m0〉,

1

Nc
C(z)=

∑

εn 6=εv

1

εn − εv
φ†v(z)φn(z)〈n|γ0|v〉 +

1

2

∑

n,m

〈n|γ0|m〉φ†m(z)φn(z)R5(εn, εm),

δij

Nc
K1(z)=

1

2

∑

εn 6=εv

1

εn−εv
〈v|γ0τ i|n〉φ†n(z)τ jφv(z)+

1

4

∑

n,m

〈n|γ0τ i|m〉φ†m(z)τ jφn(z)R5(εn, εm),

1

Nc
K2(z)=

1

4

∑

ε
n0

1

εn0 − εv
φ†v(z)φn0(z)〈n0|γ0|v〉 +

1

4

∑

n,m

R5(εn, εm0)φ†m0(z)φn(z)〈n|γ0|m0〉.

The vectors 〈n| are eigenstates of the χQSM Hamiltonian H(U) which are a linear combi-

nation of the eigenstates 〈n0| of the Hamiltonian H(1) [59].

B.2 χQSM magnetic densities

The operator for the magnetic form factors in the χQSM is O1 = γ0[z × γ]3 = γ5[z ×σ]10
and the magnetic densities are

1

Nc
Q0(z) = 〈v||z〉{O1 ⊗ τ1}0〈z||v〉 +

∑

n

√

2Gn + 1〈n||z〉{O1 ⊗ τ1}0〈z||n〉R1(εn),

1

Nc
X1(z) =

∑

εn 6=εv

1

εn − εv
(−)Gn〈v||z〉O1〈z||n〉〈n||τ1||v〉

+
1

2

∑

n,m

R5(εn, εm)(−)Gm−Gn〈n||τ1||m〉〈m||z〉O1〈z||n〉,
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1

Nc
X2(z) =

∑

ε
n0

1

εn0 − εv
〈n0||z〉{O1 ⊗ τ1}0〈z||v〉〈v | n0〉

+
∑

n,m0

R5(εn, εm0)
√

2Gm + 1〈m0||z〉{O1 ⊗ τ1}0〈z||n〉〈n | m0〉,

1

Nc
Q1(z) =

∑

εn

sign(εn)

εn − εv
(−)Gn〈n||z〉{O1 ⊗ τ1}1〈z||v〉〈v||τ1||n〉

+
1

2

∑

n,m

R4(εn, εm)(−)Gm−Gn〈n||z〉{O1 ⊗ τ1}1〈z||m〉〈m||τ1||n〉,

1

Nc
M0(z) =

∑

εn 6=εv

1

εn − εv
〈v||z〉{O1 ⊗ τ1}0〈z||n〉〈n|γ0|v〉

−1

2

∑

n,m

R2(εn, εm)
√

2Gm + 1〈n|γ0|m〉〈m||z〉{O1 ⊗ τ1}0〈z||n〉,

1

Nc
M1(z) =

∑

εn 6=εv

1

εn − εv
(−)Gn〈n||γ0τ1||v〉〈v||z〉O1〈z||n〉

−1

2

∑

n,m

R2(εn, εm)(−)Gm−Gn〈n||γ0τ1||m〉〈m||z〉O1〈z||n〉,

1

Nc
M2(z) =

∑

ε
n0

1

εn0 − εv
〈v||z〉{O1 ⊗ τ1}0〈z||n0〉〈n0|γ0|v〉

−
∑

n,m0

R2(εn, εm0)
√

2Gm + 1〈m0||z〉{O1 ⊗ τ1}0〈z||n〉〈n|γ0|m0〉.

B.3 χQSM axial-vector densities

Two parts in eq. (3.27) correspond to the density eq. (A.3) with the expressions

A(z),B(z) . . . once calculated with the operator

O1 = γ0γ3γ
5 and once with O1 = γ0{Y2 ⊗ γ1}10γ

5 = 1 · {Y2 ⊗ γ1}10 , (B.1)

yielding once Gχ
10(z) and {Y2 ⊗ Gχ

1 (z)}10 in the tensor-notation of [60], respectively. We

have for A(z),B(z) . . .:

1

Nc
A(z) = 〈v||z〉{O1 ⊗ τ1}0〈z||v〉 +

∑

n

√
2G+ 1R1(εn)〈n||z〉{O1 ⊗ τ1}0〈z||n〉,

1

Nc
B(z) =

∑

εn 6=εv

1

εv − εn
(−)Gn〈n||z〉O1〈z||v〉〈v||τ1||n〉

−1

2

∑

n,m

(−)Gn−Gm〈m||z〉O1〈z||n〉〈n||τ1||m〉R5(εn, εm),

1

Nc
C(z) =

∑

ε
n0

1

εv − εn0

〈v||z〉{O1 ⊗ τ1}0〈z||n0〉〈n0|v〉

−
∑

n,m

√

2Gn + 1〈n||z〉{O1 ⊗ τ1}0〈z||m0〉〈m0|n〉R5(εn, εm0),
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1

Nc
D(z) =

∑

n

sign(εn)

εv − εn
(−)Gn〈n||z〉{O1 ⊗ τ1}1〈z||v〉〈v||τ1||n〉

+
1

2

∑

n,m

R4(εn, εm)(−)Gn−Gm〈m||z〉{O1 ⊗ τ1}1〈z||n〉〈n||τ1||m〉,

1

Nc
H(z) =

∑

εn 6=εv

1

εv − εn
〈v||z〉{O1 ⊗ τ1}0〈z||n〉〈n|γ0|v〉

+
1

2

∑

n,m

R2(εn, εm)
√

2Gm + 1〈m||z〉{O1 ⊗ τ1}0〈z||n〉〈n|γ0|m〉,

1

Nc
I(z) =

∑

εn 6=εv

1

εv − εn
(−)Gn〈v||z〉O1〈z||n〉〈n||γ0τ1||v〉

+
1

2

∑

n,m

R2(εn, εm)(−)Gn−Gm〈m||z〉O1〈z||n〉〈n||γ0τ1||m〉,

1

Nc
J (z) =

∑

ε
n0

1

εv − εn0

〈v||z〉{O1 ⊗ τ1}0〈z||n0〉〈n0|γ0|v〉

+
∑

n,m

R2(εn0 , εm)
√

2Gm + 1〈m||z〉{O1 ⊗ τ1}0〈z||n0〉〈n0|γ0|m〉.

B.4 Regularization functions

The regularization functions are defined as:

R1(εn) = − 1

2
√
π
εn

∫ ∞

1/Λ2

du√
u
e−uε2

n ,

R2(εn, εm) =

∫ ∞

1/Λ2

du
1

2
√
πu

εme
−uε2

m − εne
−uε2

n

εn − εm
,

R3(εn, εm) =
1

2
√
π

∫ ∞

1/Λ2

du√
u

[1

u

e−ε2
nu − e−ε2

mu

ε2m − ε2n
− εne

−uε2
n + εme

−uε2
m

εm + εn

]

,

R4(εn, εm) =
1

2π

∫ ∞

1/Λ2

du

∫ 1

0
dαe−ε2

nu(1−α)−αε2
mu εn(1 − α) − αεm

√

α(1 − α)
,

R5(εn, εm) =
1

2

signεn − signεm
εn − εm

,

R6(εn, εm) =
1 − sign(εn)sign(εm)

εn − εm
. (B.2)

C. Baryon matrix elements

For the magnetic and axial-vector constants, we can write eqs. (A.2), (A.3) in the following

forms:

Gχ
M (0) = w1D

(8)
χ3 + w2dpq3D

(8)
χp Ĵq + w3

1√
3
D

(8)
χ8 Ĵ3

+w4
1√
3
dpq3D

(8)
χpD

(8)
8q + w5(D

(8)
χ3D

(8)
88 +D

(8)
χ8D

(8)
83 )

+w6(D
(8)
χ3D

(8)
88 −D

(8)
χ8D

(8)
83 ), (C.1)
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w1 w2 w3 w4 w5 w6

−12.94 (withM0)

−13.64 (withoutM0)
7.13 5.16 −1.31 −0.78 0.07

Table 8: Numerical results for the dynamical parameters wi in eq. (C.1).

a1 a2 a3 a4 a5 a6

−3.70 (withH)

−3.64 (withoutH)
2.50 0.90 −0.18 0.02 0.04

Table 9: Numerical results for the dynamical parameters ai in eq. (C.2).

and

Gχ
10(0) = a1D

(8)
χ3 + a2dpq3D

(8)
χp Jq +

a3√
3
D

(8)
χ8 J3

+
a4√
3
dpq3D

(8)
χpD

(8)
8q + a5

[

D
(8)
χ3D

(8)
88 +D

(8)
χ8D

(8)
83

]

+a6

[

D
(8)
χ3D

(8)
88 −D

(8)
χ8D

(8)
83

]

. (C.2)

The above densities were evaluated for the constituent quark mass M = 420 MeV and

box size of 8 fm and yield the parameters wi, ai that are listed in tables 8 and 9. While

previous numbers for wi were normalized by the nuclear magneton with the experimental

nucleon mass, these numbers by that with the soliton-nucleon mass. Note that the

parameters w1 and a1 contain the ms corrections due to M0 and H. All magnetic and

axial-vector constants in this work can be reproduced by these parameters.

We list now the results of the matrix elements needed for the electric, magnetic and

axial-vector form factors, where we make the following abbreviations:

dab3D
(8)
3b Ja = dD3J, dab3D

(8)
8b Ja = dD8J, S3 = 1/2

The following matrix elements for the axial-vector and magnetic form factors are consistent

with those given in ref. [61]. The operators are χ =
√

2Σ− and χ =
√

2Ξ− for the ∆S = 0

and ∆S = 1 transitions, respectively. The isospin relations are:

Σ−
8 → Λ8 = −

[

Σ+
8 → Λ8

]

, Σ−
8 → Σ0

8 = Σ0
8 → Σ+

8 ,

Σ−
8 → n8 =

√
2
[

Σ0
8 → p8

]

, Ξ−
8 → Σ0

8 =
1√
2

[

Ξ0
8 → Σ+

8

]

. (C.3)

Note that the overall factor of 1/2 in the definition of the quark current operator is

not included in the matrix elements listed in tables 10–17.

The matrix elements for the electric transition form factors can be found in tables 18

and 19.
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n→ p 〈p8|D|n8〉 〈p8|D|n8〉
D8√

2Σ−3
− 7

15 − c10
2
3 − c27

4
45 D

(8)
88 D

(8)√
2Σ−3

− 8
45

D
(8)√

2Σ−8
J3

1
2

[

1
5

√

1
3 − c102

√

1
3 + c27

4
5

√

1
3

]

D
(8)
83 D

(8)√
2Σ−8

− 2
45

dab3D
(8)√

2Σ−b
Ja

7
30 − c10

2
3 − c27

8
45 D

(8)
8a D

(8)√
2Σ−b

dab3 −11
45

√

1
3

Table 10: Matrix elements of the Wigner D functions between the nucleon states.

Σ−
8 → Λ8 〈Λ8 | D | Σ−

8 〉 〈Λ8 | D | Σ−
8 〉

D8√
2Σ−3

−3
5

√

1
6 − c10

√

1
6 − c27

1
3

√

1
6 D

(8)
88 D

(8)√
2Σ−3

− 1
15

√

1
6

D
(8)√

2Σ−8
J3

1
2

[

− 1
5

√

1
2 − c1̄0

√

1
2 + c27

√

1
2

]

D
(8)
83 D

(8)√
2Σ−8

− 1
15

√

1
6

dab3D
(8)√

2Σ−b
Ja

3
10

√

1
6 − c1̄0

√

1
6 − c27

2
3

√

1
6 D

(8)
8a D

(8)√
2Σ−b

dab3 − 7
45

√

1
2

Table 11: Matrix elements of the Wigner D functions between the Λ8 and Σ−

8 .

Σ−
8 → Σ0

8 〈Σ0
8 | D | Σ−

8 〉 〈Σ0
8 | D | Σ−

8 〉
D8√

2Σ−3
−1

3

√

1
2 − c1̄0

2
3

√

1
2 D

(8)
88 D

(8)√
2Σ−3

0

D
(8)√

2Σ−8
J3

1
2

[
√

1
6 − c102

√

1
6

]

D
(8)
83 D

(8)√
2Σ−8

− 2
15

√

1
2

dab3D
(8)√

2Σ−b
Ja

1
6

√

1
2 − c1̄0

2
3

√

1
2 D

(8)
8a D

(8)√
2Σ−b

dab3 −1
5

√

1
6

Table 12: Matrix elements of the Wigner D functions between the Σ0
8 and Σ−

8 .

Ξ−
8 → Ξ0

8 〈Ξ0
8 | D | Ξ−

8 〉 〈Ξ0
8 | D | Ξ−

8 〉
D8√

2Σ−3
2
15 + c27

4
45 D

(8)
88 D

(8)√
2Σ−3

− 1
45

D
(8)√

2Σ−8
J3

1
2

[

4
5

√

1
3 − c27

4
5

√

1
3

]

D
(8)
83 D

(8)√
2Σ−8

1
9

dab3D
(8)√

2Σ−b
Ja − 1

15 + c27
8
45 D

(8)
8a D

(8)√
2Σ−b

dab3
2
45

√

1
3

Table 13: Matrix elements of the Wigner D functions between the Ξ0
8 and Ξ−

8 .

Σ−
8 → n8 〈n8 | D | Σ−

8 〉 〈n8 | D | Σ−
8 〉

D8√
2Ξ−3

2
15 − c27

2
45 D

(8)
88 D

(8)√
2Ξ−3

1
90

D
(8)√

2Ξ−8
J3

1
2

[

4
5

√

1
3 + c27

2
5

√

1
3

]

D
(8)
83 D

(8)√
2Ξ−8

− 1
18

dab3D
(8)√

2Ξ−b
Ja − 1

15 − c27
4
45 D

(8)
8a D

(8)√
2Ξ−b

dab3 − 1
45

√

1
3

Table 14: Matrix elements of the Wigner D functions between the n8 and Σ−

8 .

Λ8 → p8 〈p8 | D | Λ8〉 〈p8 | D | Λ8〉
D8√

2Ξ−3
−4

5

√

1
6 + c10

√

1
6 + c27

1
5

√

1
6 D

(8)
88 D

(8)√
2Ξ−3

− 1
10

√

1
6

D
(8)√

2Ξ−8
J3

1
2

[

2
5

√

1
2 + c10

√

1
2 − c27

3
5

√

1
2

]

D
(8)
83 D

(8)√
2Ξ−8

1
10

√

1
6

dab3D
(8)√

2Ξ−b
Ja

2
5

√

1
6 + c10

√

1
6 + c27

2
5

√

1
6 D

(8)
8a D

(8)√
2Ξ−b

dab3
2
15

√

1
2

Table 15: Matrix elements of the Wigner D functions between the p8 and Λ8.
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Ξ−
8 → Σ0

8 〈Σ0
8 | D | Ξ−

8 〉 〈Σ0
8 | D | Ξ−

8 〉
D8√

2Ξ−3
− 7

15

√

1
2 + c10

1
3

√

1
2 + c27

2
45

√

1
2 D

(8)
88 D

(8)√
2Ξ−3

4
45

√

1
2

D
(8)√

2Ξ−8
J3

1
2

[

1
5

√

1
6 + c10

√

1
6 − c27

2
5

√

1
6

]

D
(8)
83 D

(8)√
2Ξ−8

1
45

√

1
2

dab3D
(8)√

2Ξ−b
Ja

7
30

√

1
2 + c10

1
3

√

1
2 + c27

4
45

√

1
2 D

(8)
8a D

(8)√
2Ξ−b

dab3
11
90

√

1
6

Table 16: Matrix elements of the Wigner D functions between the Σ0
8 and Ξ−

8 .

Ξ−
8 → Λ8 〈Λ8 | D | Ξ−

8 〉 〈Λ8 | D | Ξ−
8 〉

D8√
2Ξ−3

−1
5

√

1
6 − c27

1
5

√

1
6 D

(8)
88 D

(8)√
2Ξ−3

0

D
(8)√

2Ξ−8
J3

1
2

[

3
5

√

1
2 + c27

3
5

√

1
2

]

D
(8)
83 D

(8)√
2Ξ−8

1
5

√

1
6

dab3D
(8)√

2Ξ−b
Ja

1
10

√

1
6 − c27

2
5

√

1
6 D

(8)
8a D

(8)√
2Ξ−b

dab3 − 1
30

√

1
2

Table 17: Matrix elements of the Wigner D functions between the Λ8 and Ξ−

8 .

D
(8)
χ8 D

(8)
χi Ji D

(8)
χa Ja

〈p|
h

χ =
√

2Σ−
i

|n〉 + 1
5

q

1
3
− c1̄02

q

1
3

+ c27
4
5

q

1
3

− 7
10

− c1̄0 − c27
2
15

− 1
5

+ c27
8
15

〈Λ|
h

χ =
√

2Σ−
i

|Σ−〉 − 1
5

q

1
2
− c1̄0

q

1
2

+ c27

q

1
2

− 9
10

q

1
6
− c1̄0

3
2

q

1
6
− c27

1
2

q

1
6

+ 3
5

q

1
6

+ c272
q

1
6

〈Σ0|
h

χ =
√

2Σ−
i

|Σ−〉 +
q

1
6
− c1̄02

q

1
6

− 1
2

1√
2
− c1̄0

q

1
2

− 1√
2

〈Ξ0|
h

χ =
√

2Σ−
i

|Ξ−〉 + 4
5

q

1
3
− c27

4
5

q

1
3

+ 1
5

+ c27
2
15

− 4
5
− c27

8
15

〈n|
h

χ =
√

2Ξ−
i

|Σ−〉 + 4
5

q

1
3

+ c27
2
5

q

1
3

+ 1
5
− c27

1
15

− 4
5

+ c27
4
15

〈p|
h

χ =
√

2Ξ−
i

|Λ〉 + 2
5

1√
2

+ c1̄0

q

1
2
− c27

3
5

q

1
2

− 6
5

q

1
6

+ c1̄0
3
2

q

1
6

+ c27
3
10

q

1
6

− 6
5

q

1
6
− c27

6
5

q

1
6

〈Σ0|
h

χ =
√

2Ξ−
i

|Ξ−〉 + 1
5

q

1
6

+ c1̄0

q

1
6
− c27

6
15

q

1
6

− 7
10

q

1
2

+ c1̄0
1
2

q

1
2

+ c27
1
15

q

1
2

− 1
5

q

1
2
− c27

4
15

q

1
2

〈Λ|
h

χ =
√

2Ξ−
i

|Ξ−〉 + 3
5

q

1
2

+ c27
3
5

q

1
2

− 3
10

q

1
6
− c27

3
10

q

1
6

− 9
5

q

1
6

+ c27
6
5

q

1
6

Table 18: Matrix elements of the Wigner D functions for the wave-function corrections.

D
(8)
88 D

(8)
χ8 D

(8)
8i D

(8)
χi D

(8)
8a D

(8)
χa

〈p|
[

χ =
√

2Σ−
]

|n〉 0 + 2
15

√

1
3 − 2

15

√

1
3

〈Λ|
[

χ =
√

2Σ−
]

|Σ−〉 0 − 2
15

√

1
2 + 2

15

√

1
2

〈Σ0|
[

χ =
√

2Σ−
]

|Σ−〉 −1
5

√

1
6 +3

5

√

1
6 −2

5

√

1
6

〈Ξ0|
[

χ =
√

2Σ−
]

|Ξ−〉 −1
5

√

1
3 + 7

15

√

1
3 − 4

15

√

1
3

〈n|
[

χ =
√

2Ξ−
]

|Σ−〉 + 1
10

√

1
3 − 7

30

√

1
3 + 2

15

√

1
3

〈p|
[

χ =
√

2Ξ−
]

|Λ〉 + 1
10

√

1
2 − 1

10

√

1
2 0

〈Σ0|
[

χ =
√

2Ξ−
]

|Ξ−〉 0 − 1
15

√

1
6 + 1

15

√

1
6

〈Λ|
[

χ =
√

2Ξ−
]

|Ξ−〉 0 −1
5

√

1
2 +1

5

√

1
2

Table 19: Matrix elements of the Wigner D functions for the ms corrections.
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