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Semileptonic decay constants of octet baryons in the chiral quark-soliton model

Hyun-Chul Kim, Maxim V. Polyakov,* Michał Praszałowicz,† and Klaus Goeke
Institute for Theoretical Physics II, Ruhr-University Bochum, D-44780 Bochum, Germany
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Based on the recent study of the magnetic moments and axial-vector constants within the framework of the
chiral quark-soliton model, we investigate the baryon semileptonic decay constants (f 1 , f 2) and (g1 ,g2).
Employing the relations between the diagonal transition matrix elements and off-diagonal ones in the vector
and axial-vector channels, we obtain the ratios of baryon semileptonic decay constantsf 2 / f 1 andg1 / f 1. The
F/D ratio is also discussed and found that the value predicted by the present model naturally lies between that
of the Skyrme model and that of the nonrelativistic quark model. The singlet axial-vector constantgA

(0) can be
expressed in terms of theF/D ratio andgA

(3) in the present model and turns out to be small. The results are
compared with available experimental data and found to be in good agreement with them. In addition, the
induced pseudotensor coupling constantsg2 / f 1 are calculated, the SU~3! symmetry breaking being considered.
The results indicate that the effect of SU~3! symmetry breaking might play an important role for some decay
modes in hyperon semileptonic decay.@S0556-2821~97!02923-8#

PACS number~s!: 12.39.Fe, 13.30.Ce, 14.20.Jn
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I. INTRODUCTION

Baryon semileptonic decays have played an import
role in various facets to the understanding of the structur
baryons. For example, they provide information on t
Cabibbo-Kobayashi-Maskawa~CKM! anglesuVudu anduVusu
as well as theF/D ratio. Recently, baryon semileptonic d
cays have gained new interest in respect of a series of
periments measuring the first moment of the spin-depen
structure functiong1(x) @1–4#, since it is related to SU~3!
invariant matrix elements of hyperon semileptonic proces
F andD.

A recent high-precision measurement ofS2→n1e21 n̄
@5# shows a hint that the effect of SU~3! symmetry breaking
might be important to describe baryon semileptonic deca

Another experiment measuringg1 / f 1 in L→p1e21 n̄ was
conducted by Dworkinet al. with high statistics@6#. The
result of Ref.@6# prefers the hypothesis that the weak ma
netism is less than the CVC~conserved vector current! pre-
diction (f 2 / f 150.97). In fact, Ref. @6# obtained
f 2 / f 150.1560.30 at which the fit yields the minimum o
x2. This value is really far from the CVC hypothesis. Als
from the theoretical point of view there were already serio
doubts about the strong postulate of exact SU~3! symmetry
in the Cabibbo theory@7–9#.

The effects of SU~3! symmetry breaking in baryon sem
leptonic decays have been extensively studied from var
points of view @9–13#. Donoghueet al. @9# made a careful
analysis of hyperon semileptonic decays, considering
pattern of symmetry breaking based on the quark mode
was asserted in Ref.@9# that SU~3! breaking comes from two
sources: the mismatch of the wave functions for the qua
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and the recoil effect. However, Roos reanalyzed hype
semileptonic decays@10# including recent data and showe
that the scheme of symmetry breaking by Donoghueet al.

fails to fit correctly theg1 / f 1 ratio for L→p1e21 n̄ . The
mismatch of strange-quark wave functions worsens the
Only by introducing a substantial second-class axial-vec

coupling g2 in the L→p1e21 n̄ , one could fit the data
@10#. Avenarius@11# studied also SU~3! symmetry breaking
in semileptonic hyperon decays, based on theAnsatz that
SU~3! symmetry in the polarization at the current quark lev
is kept while SU~3! symmetry at the constituent quark lev
is broken. The result was that with SU~3! symmetry broken
the F/D ratio (0.7360.09) turned out to be larger than th
of the case of SU~3! symmetry (0.5960.02). Ehrnsperger
and Scha¨fer @12# came to a rather different conclusion. The
showed that the effects of SU~3! symmetry breaking lead to
a reduction of theF/D ratio (0.4960.08). Quite recently,
Ratcliffe @13# reexamined SU~3! symmetry-breaking effects
in hyperon semileptonic decays. What he obtained is t
F/D50.582 for an SU~3! symmetric fit andF/D50.570 for
an SU~3! breaking fit. The result of Ref.@13# indicates that
the effects of SU~3! symmetry breaking is rather tiny. Ther
have been also similar discussions related to the validity
SU~3! symmetry in the context of the spin structure of t
proton. In particular, Lipkin strongly criticized the use o
SU~3! symmetry in studying the spin structure of the prot
@14#. The topic of SU~3! symmetry breaking in hyperon
semileptonic decays seems to be evidently far from
settlement yet and very difficult to be analyzed without re
ing on particularAnsätze.

Recently, we investigated the magnetic moments of
baryon octet @15# and the axial-vector constants of th
nucleon @16# within the framework of the chiral quark
soliton model (xQSM! @17#, taking into account the 1/Nc
rotational corrections and linearms corrections which furnish
the effect of SU~3! symmetry breaking. The magnetic mo
ments and axial-vector constants which are given in term
diagonal matrix elements can be, however, related to the
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300 57KIM, POLYAKOV, PRASZAŁOWICZ, AND GOEKE
diagonal transition form factors, i.e., semileptonic weak fo
factors f 1, f 2, and g1. Therefore, we can easily evalua
them, using former calculations. The presence of thems cor-
rections allows the nonvanishing values of induced pseu
tensor coupling constantsg2.

The largeNc limit ( Nc→`) provides a useful guideline
in understanding the low-energy properties of the bary
systematically@18#, though in realityNc is equal to 3. In the
largeNc , the nucleon can be viewed as a classical soliton
the pion field. An example of the dynamical realization
this idea is given by the Skyrme model@19#. However, the
xQSM presents a more realistic picture than the Skyr
model. In the light of chiral perturbation theory, the effecti
chiral action on which thexQSM is based contains automa
cally the four-derivative Gasser-Leutwyler terms@20# and
the venerable Wess-Zumino term@21# with correct coeffi-
cients @22–24#. Moreover, thexQSM interpolates betwee
the Skyrme model and the nonrelativistic model~NRQM!
@25,26#, because thexQSM is ideologically close to the
Skyrme model in the limit of large soliton size while as t
size of the soliton approaches zero thexQSM reproduces the
results of the NRQM.

The aim of the present paper is to investigate the semi
tonic decay constants (f 1 , f 2) and (g1 , g2) within the
framework of thexQSM. The outline of the paper is as fo
lows. In the next section, we sketch briefly the basic form
ism of thexQSM. In Sec. III, we first discuss the semile
tonic decay constants in SU~3! flavor symmetry. As it should
be, it is shown that the induced pseudotensor coupling c
stantg2(0) vanishes in SU~3! symmetry within the frame-
work of the xQSM. TheF/D ratio is also discussed. Th
singlet axial-vector constantgA

(0) is shown to be related to th
F/D ratio and the axial-vector constantgA

(3) . Considering the
strange quark massms , we discuss the effect of SU~3! sym-
metry breaking on the coupling constantsf 1, f 2, andg1. The
g2 is also evaluated. We compare the results with those
tained in the case of SU~3! symmetry. The deviations from
the Cabibbo theory are discussed in detail. In Sec. IV,
summarize the present work and draw the conclusion.

II. GENERAL FORMALISM

The transition matrix elementMB1→B2l n̄ l
for the process

B1→B2l n̄ l can be written as

MB1→B2l n̄ l
5

G

A2
S Vud ~ for DS50!

Vus ~ for uDSu51!
D

3^B2uJm
WuB1& ū l~pl !g

m~12g5!u n̄ l
~pn!,

~1!

whereG denotes the effective Fermi coupling constant a
Vud , Vus stand for the Cabibbo-Kobayashi-Maskaw
angles. The leptonic currentū l(pl)g

m(12g5)u n̄ l
(pn) is the

known part. The hadronic weak currentJm
W has following

spin and flavor structures:
o-

n

f
f

e

p-

l-

n-

b-

e

d

Jm
W5H c̄ ~x!gm~12g5! 1

2 ~l16 il2!c~x! for DS50,

c̄ ~x!gm~12g5! 1
2 ~l46 il5!c~x! for uDSu51.

~2!

The transition matrix element of the hadronic weak c
rent ^B2uJm

WuB1& can be expressed in terms of six indepe
dent form factors:

^B2uJm
WuB1&5 ūB2

~p2!F H f 1~q2!gm2
i f 2~q2!

M1
smnqn

1
f 3~q2!

M1
qmJ 2H g1~q2!gm2

ig2~q2!

M1
smnqn

1
g3~q2!

M1
qmJ g5GuB1

~p1!, ~3!

with the momentum transferq5p22p1. The form factorsf i
andgi are real quantities depending only on the square of
momentum transfer in the case ofCP-invariant processes
We can safely neglectf 3 and g3 for the reason that on ac
count of qm their contribution to the decay rate is propo
tional to the ratioml

2/M1
2!1, whereml represents the mas

of the lepton (e or m) in the final state andM1 that of the
baryon in the initial state.

It is already well known how to deal with the hadron
matrix elements such aŝB2uJm

WuB1& in the xQSM ~for a
review see@27#!. Hence, we shall briefly explain how t
calculate them with regard to the semileptonic process
The xQSM is characterized by a low-momenta QCD par
tion function @28# which is given by a functional integra
over eight pseudoscalar and quark fields:

Z5E DcDc†DpaexpS E d4xc†b~2 i ]”1m̂1MUg5!c D .

~4!

Integrating out quark fields leaves us with the effective ch
action

Z5E Dpaexp~2Seff@p#!, ~5!

where

Seff52Splnb~2 i ]”1m̂1MUg5! ~6!

with the pseudoscalar chiral field

Ug55exp~ ipalag5!5
11g5

2
U1

12g5

2
U†. ~7!

m̂ is the matrix of the current quark mass given by

m̂5diag~mu ,md ,ms!5m011m8l8 . ~8!

la represent the usual Gell-Mann matrices normalized
tr(lalb)52dab. Here, we have assumed isospin symme
(mu5md5m̄). M stands for the dynamical quark mass ar
ing from the spontaneous chiral symmetry breaking, which
in general momentum-dependent@28#. We regardM as a
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57 301SEMILEPTONIC DECAY CONSTANTS OF OCTET . . .
constant and employ the proper-time regularization for c
venience. Them0 andm8 in Eq. ~8! are respectively defined
by

m05
2m̄1ms

3
.

ms

3
, m85

m̄2ms

A3
.

2ms

A3
. ~9!

The operatoriD is expressed in Euclidean space in terms
the Euclidean time derivative]t and the Dirac one–particle
HamiltonianH(Ug5):

iD 5]t1H~Ug5!1bm̂, ~10!

with

H~Ug5!5
aW •¹

i
1bMUg5. ~11!

b andaW are the well-known Dirac Hermitian matrices. Th
U is assumed to have a structure corresponding to the
bedding of the SU~2! hedgehog into SU~3!:

Uc5S U0 0

0 1D , ~12!

with

U05exp@ i r̂ •tW P~r !#. ~13!

P(r ) is called profile function. The partition function of Eq
~4! can be simplified by the saddle point approximati
which is exact in the largeNc limit. One ends up with a
stationary profile functionP(r ) which is evaluated by solv
ing the Euler-Lagrange equation corresponding
dSeff /dP(r )50. This gives a static classical fieldU0. The
soliton is quantized by introducing collective coordinat
corresponding to SU(3)f rotations of the soliton in flavor
space@and simultaneously SU(2)spin in spin space#

U~ t,xW !5R~ t !Uc~xW !R†~ t !, ~14!

whereR(t) is a time-dependent SU~3! matrix. The quantum
states from this quantization are identified with the SU~3!
baryons according to their quantum numbers. In the largeNc

limit, the angular velocity of the solitonV5R†(t)Ṙ(t) can
be regarded as a small parameter, so that we can use it
expansion parameter. After the rotation, the Dirac differ
tial operator Eq.~10! can be expressed as

iD̃ 5@]t1H~Ug5!1V~ t !1g4R†~ t !m̂R~ t !#. ~15!

Then the propagator (iD̃ )21 can be expanded with regard
the angular velocityV and the strange quark massms :

1

iD̃
.

1

v1 iH
2

1

v1 iH
V

1

v1 iH

2
1

v1 iH
g4R†~ t !m̂R~ t !

1

v1 iH
. ~16!
-

f

m-

o

an
-

The transition matrix element of the hadronic weak curr
given by Eq.~3! can be related to the correlation function

K 0UJB1S xW ,
T

2D c̄ ĜÔcJB2

† S yW ,2
T

2D U0L ~17!

at large Euclidean timeT. Ĝ andÔ are abbreviations for the
corresponding spin and flavor operators. TheJB denotes the
baryon current which is constructed fromNc quark fields

JB5
1

Nc!
« i 1••• i NcG

SS3II 3Y

a1•••aNcca1i 1
•••caNc

i Nc
. ~18!

a1•••aNc
are spin-isospin indices,i 1••• i Nc

are color indi-

ces, and the matricesG
SS3II 3Y

a1•••aNc are taken to endow the cor

responding current with the quantum numbersSS3II 3Y. The
JB(JB

†) plays a role of annihilating~creating! the baryon state
at large T. The rotational 1/Nc and linearms corrections
being taken into account as shown in Eq.~16!, the relevant
transition matrix elements can be written as

~ f 11 f 2!~B1→B2!5w1^B2uDX3
~8!uB1&1w2dpq3^B2uDXp

~8! ŜquB1&

1
w3

A3
^B2uDX8

~8! Ŝ3uB1&

1msF w4

A3
dpq3^B2uDXp

~8! D8q
~8!uB1&

1w5^B2u~DX3
~8! D88

~8!1DX8
~8! D83

~8!!uB1&

1w6^B2u~DX3
~8! D88

~8!2DX8
~8! D83

~8!!uB1&G
~19!

for the transition magnetic moments@ f 1(0)1 f 2(0)# (B1→B2)

and

g1
~B1→B2!

5a1^B2uDX3
~8!uB1&1a2dpq3^B2uDXp

~8! ŜquB1&

1
a3

A3
^B2uDX8

~8! Ŝ3uB1&

1msF a4

A3
dpq3^B2uDXp

~8! D8q
~8!uB1&

1a5^B2u~DX3
~8! D88

~8!1DX8
~8! D83

~8!!uB1&

1a6^B2u~DX3
~8! D88

~8!2DX8
~8! D83

~8!!uB1&G , ~20!

for the transition axial-vector constantsg1
(B1→B2)(0). The in-

duced pseudotensor coupling constantsg2
(B1→B2) are ex-

pressed by
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g2
~B1→B2!

MB1

54ms~b1i f ab31b2i«ab3!•^B2uDXaD8buB1&.

~21!

The parameterswi , ai , andb j depend on dynamics of th
chiral soliton. As for the expressions forwi andai , one can
find them in Ref.@29# and Ref.@16#, respectively.b1 andb2
can be written explicitly as@30,31#

b11b25
iNc

24A3
E dv

2p
SpS 1

v1 iH
g4t i

1

v1 iH
i« i jkt j xkg5D ,

~22!

b152
iNc

12A3
E dv

2p
SpS H 1

v1 iH
g4 ,

1

v1 iH 0
J g5xW•tW D .

~23!

The remarkable feature of the soliton picture of the ba
ons is that the singlet axial-vector charge of the nucleongA

(0)

is expressed in terms of thesameparametersai as in Eq.
~20!:

gA
~0!5

1

2
a31A3ms~a52a6!. ~24!

Hence, in this picture the value ofgA
(0) can be extracted by

fitting the data on semileptonic decayswithout resorting to
those on polarized deep inelastic scattering@see the next sec
tion for the analysis of the SU~3!-symmetric case#. With
SU~3! symmetry explicitly broken byms , the collective
Hamiltonian is no more SU~3! symmetric. The pure octe
states are mixed with the higher representations such as
tidecuplet states. Therefore, the baryon wave function w
spin S51/2 requires the modification due to the stran
quark mass (ms). Since we treatms perturbatively up to the
first order, the collective wave function of the baryon oc
can be written as

CB~R!5CB
~8!~R!1ms c10

B CB
~10̄!~R!1msc27

B CB
~27!~R!,

~25!

where

c10
B

5
A5

15
~s2r 1!F 1

0

1

0

G I 2 , c27
B 5

1

75
~3s1r 124r 2!FA6

3

2

A6

G I 2

~26!

in the basis of@N, L, S, J#. Here,B denotes the SU~3!
octet baryons with the spin 1/2. The constants is related to
the nucleon sigma termS5m̄^Nu ūu1 d̄duN&53/2m̄s and
r i designatesKi /I i , whereKi stands for the anomalous mo
ments of inertia defined in Ref.@32#. The collective wave
function can be explicitly written in terms of the SU~3!
Wigner D (m) function

CB
~m!5~2 !S321/2Adim~m!@D ~YTT3!~21SS3!

~m! #* . ~27!
-

n-
h

t

Hence, we have two different contributions of SU~3! sym-
metry breaking: One from the effective Lagrangian and
other from the wave function corrections. All contribution
of SU~3! symmetry breaking are kept in linear order ofms .
Apart from these two contributions, we shall see in the n
section that in the case off 2(0) the mass differences be
tween octet baryons come into play. Hence, on the whole,
have three different sources for the SU~3! symmetry break-
ing in the present model.

III. SEMILEPTONIC DECAY CONSTANTS IN THE xQSM

A. Exact SU„3… symmetry

In exact SU~3! symmetry, the vector coupling constan
f 1(0) and f 2(0) can be simply expressed in terms of t
anomalous magnetic moments of the proton and neut
Similarly, g1(0) in all decay modes can be parametrized
terms of two SU~3!-invariant constantsF andD @33#:

g1
~B1→B2!

5FCF
B1→B21DCD

B1→B2 , ~28!

whereCF
B1→B2 andCD

B1→B2 are SU~3! Clebsch-Gordan coef
ficients that appear when an octet operator is sandwic
between octet states. The superscript refers to the had
involved and subscriptsF and D denote the antisymmetric
and symmetric parts. We list the expressions forf 1(0),
f 2(0), andg1(0) in Table I.1

The pseudotensor coupling constantsg2(0) are all pre-
dicted to be zero in exact SU~3! symmetry because ofG
parity. In fact, it can be shown thatg2(0) vanish in the
present model. To do so, it is of great use to introduc
transformation

G55t2Cg5 , ~29!

1Note that the signs in theL→p, andS2→n modes are different
from Ref. @33#. However, the ratiosf 2(0)/f 1(0) andg1(0)/f 1(0)
are not affected. We have employed the phase convention in
manner of De Swart@34,35#.

TABLE I. The expressions off 1(0), f 2(0), andg1(0) in exact
SU~3! symmetry. Thekp and thekn denote the anomalous mag
netic moments of the proton and the neutron, respectively.

Decay mode f 1(0) f 2(0) g1(0)

n→p 1 1
2 (kp2kn) F1D

S2→S0 A2
1

A2
~kp1

1
2 kn! A2F

S6→L 0 6A 3
8 kn 7A 2

3 D

L→p A 3
2

1
2A 3

2 kp A 3
2 (F1D/3)

S2→n 1 1
2 (kp12kn) F2D

J2→L A 3
2

1
2A 3

2 (kp1kn) A 3
2 (F2D/3)

J2→S0 1

A2

1

2A2
~kp2kn! A 1

2 (F1D)
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57 303SEMILEPTONIC DECAY CONSTANTS OF OCTET . . .
where C is the operator of charge conjugatio
C21gmC52gm

T . Under this transformation, the one-bod
Dirac Hamiltonian, Dirac, and Pauli matrices are resp
tively changed as follows:

G5
21HG55HT,

G5
21gaG55ga

T for a51, . . . ,5,

G5
21taG552ta

T . ~30!

The pertinent trace for the leading order contribution
g2(0) can be written as

trF K xWU 1

v1 iH
g5taxiUxW L G . ~31!

Utilizing the G5 transformation and the properties of th
trace tr(MT)5tr(M ) and tr(WMW21)5tr(M ), we can show
that the trace of the leading contribution vanishes:

trF K xWU 1

v1 iH
g5taxiUxW L G

5trF K xWUG5
21 1

v1 iH
g5taxiG5UxW L GT

52trF K xWU 1

v1 iH
g5taxiUxW L G . ~32!

Similarly we can prove that the 1/Nc rotational corrections to
g2(0) also disappear.

In exact SU~3! symmetry, g1
(B1→B2) can be written in

terms of three independent dynamic quantitiesai calculable
in the present model:

g1
~B1→B2!

5a1^B2uDX3
~8!uB1&1a2dpq3^B2uDXp

~8! ŜquB1&

1
a3

A3
^B2uDX8

~8! Ŝ3uB1&. ~33!

As for the processn→pe2 n̄ , g1
(n→p) becomes just the axial

vector coupling constantgA
(3) . After some straightforward

manipulation@16#, we end up with the expression forgA
(3)

@36,37#:

gA
~3!5

7

30S 2a11
1

2
a21

1

14
a3D . ~34!

We can also obtain the singlet axial-vector coupling cons
gA

(0) :

gA
~0!5

1

2
a3 . ~35!

It is of great interest to see how thexQSM plays an interpo-
lating role between the Skyrme model and the NRQM. In
limit of the NRQM the dynamic quantitiesai in Eq.~33! are,
respectively@38,39#,

a1525, a254, a352, ~36!
-

nt

e

which give the correct values ofgA
(3) andgA

(0) in the NRQM,
i.e., gA

(3)55/3 andgA
(0)51. The ratioF/D then can be writ-

ten in terms ofai :

F

D
5

5

9S 2a11~1/2!a21~1/2!a3

2a11~1/2!a22~1/6!a3
D . ~37!

In the limit of the Skyrme model, i.e., when the size of t
soliton is very large@25#, gA

(0) approaches zero ora3 van-
ishes. Hence, theF/D ratio becomes obviously 5/9 in thi
limit. This result is exactly the same as what was obtained
Bijnenset al. @40# and Chemtob@41#. On the other hand, in
the limit of the NRQM, i.e., in the limit of zero soliton size
the present model gives the value ofF/D52/3 which is ex-
actly the same value as that of the SU~6! NRQM. The
present model predictsF/D to be 0.61—correspondingly, w
havegA

(0)50.36@37#—which lies between the value from th
Skyrme model (5/9) and that from the NRQM (2/3). Th
xQSM shows here again interpolation between the Skyr
model and the NRQM@25,26#. Notably, the smallness of th
singlet axial-vector chargegA

(0) is directly related to the fac
that F/D does not deviate much from that of the Skyrm
model (5/9), wheregA

(0) is known to be zero@42#. Using Eqs.
~34!, ~35!, ~37!, we can express the singlet axial-vector co
stantgA

(0) in terms of theF/D ratio andgA
(3) :

gA
~0!5

9gA
~3!

11F/DS F

D
2

5

9D . ~38!

Substituting the value ofF/D50.582 obtained in a recen
analysis@13# andgA

(3)51.26, one getsgA
(0)50.19.

The g1 is normally determined in experiments withg2
assumed to be zero. However, Hsuehet al. @5# extracted for
the first time the induced pseudotensor coupling constang2

in S2→ne2 n̄ decay. This new experimental result gives
reduced value forg1(0): Instead ofg1(0)50.32860.019
andg250, g1(0)50.2060.08 andg2(0)520.5660.37 are
obtained. These results are remarkable, since they indi
that the effect of SU~3! symmetry breaking might play an
important role in baryon semileptonic decays. In fact, the
new experimental results have triggered discussions a
the effect of SU~3! symmetry breaking in hyperon semilep
tonic decays@11,13#. Hence, we need to consider the explic
SU~3! symmetry breaking.

B. SU„3… symmetry-breaking effects

As we have shown in Sec. II, the strange quark massms
provides the effect of SU~3! symmetry breaking in two dif-
ferent forms: One from the effective action and the oth
from the wave function corrections. Apart from these tw
contributions, the mass difference between baryon st
must be considered in the case off 2(0).

By switching on SU~3! symmetry breaking to the firs
order inms , we obtain the expressions forf 2(0) andg1(0)
deviating from those listed in Table I. It should be noted th
by the Ademollo-Gatto theorem@43# f 1(0) do not get any
contribution from linearms corrections. We choose the com
bination of the magnetic moments in which all correctio
from 1/Nc are canceled to avoid ambiguity arising from th
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TABLE II. The results off 2(0)/f 1(0). Thecolumn under SU(3)sym lists the case of exact SU~3! sym-
metry with the experimental data ofkp and kn while the next column shows the case of broken SU~3!
symmetry byms with the experimental data ofkB @44#. The third column presents the numerical results
f 2(0) in thexQSM with the constituent quark massM5420 MeV, while the fourth one shows those off 2(0)
in the xQSM with the same constituent quark mass. The experimental data are taken from Ref.@6# for

L→pe2 n̄ and from Ref.@5# for S2→ne2 n̄ .

Decay mode SU(3)sym SU(3)br xQSMsym xQSMbr Expt.

n→p 1.853 1.853 1.41 1.58
S2→S0 0.418 0.51660.012 0.25 0.43
S2→L 1.435a 1.62560.011a 0.95a 1.33a

L→p 0.896 0.78760.004 0.64 0.74 0.1560.30
S2→n 21.017 21.01060.016 20.92 21.18 20.9660.0760.13
J2→L 20.060 20.09360.006 20.14 20.18
J2→S0 1.853 1.72560.011 1.41 2.06

aInstead off 2 / f 1, we list A3
2 f 2.
er

in
e

In
th
he

nt
.

-
f
we

t
that

m
nd
n
ay

e

the

ic

e a
ta.
relations between the hyperon magnetic moments@15#.
Hence we get the unambiguous relations between hyp
magnetic moments and off-diagonal matrix elements:

f 2
~n→p!~0!5

1

2
~kp2kn!,

f 2
~S2→S0!~0!5

MS

2MN

1

A2
~kS12kS2!,

f 2
~S6→L!~0!57

MS

A2MN

mS0L ,

mS0L5
1

A3
S 2kn1

1

4
~kS11kS2!2kJ01

3

2
kLD ,

f 2
~L→p!~0!5

ML

2A6MN
S kn1

5

2
kp1

1

2
kS223kL2kJ2D ,

f 2
~S2→n!~0!5

MS

2MN
S kn1

1

2
kp2kS22

1

2
kS1D ,

f 2
~J2→L!~0!5

MJ

2A6MN
S kp2

1

2
kS113kL2kJ02

5

2
kJ2D ,

f 2
~J2→S0!~0!5

MJ

2A2MN
S kS11

1

2
kS22kJ02

1

2
kJ2D ,

~39!

wherekB is the anomalous magnetic moment correspond
to the baryonB. These relations have corrections of ord
O(ms

2) and O(ms /Nc) which are assumed to be small.
exact SU~3! symmetry these relations reduce again to
SU~3! relations shown in Table I. In Table II we compare t
results with SU~3! symmetry breaking to those in SU~3!
symmetry. The experimental data forf 2(0) are taken from
Ref. @6# for L→pe2 n̄ and from Ref.@5# for S2→ne2 n̄ .
Incorporating experimental values for magnetic mome
taken from@44# into formulas in Table I and those in Eq
on

g
r

e

s

~39!, respectively, we obtain thef 2(0)/ f 1(0) ratios for seven
different channels.2 Let us first compare the first two col
umns. Apart from theuDSu50 modes for which the effect o
SU~3! symmetry breaking is observed in around 10%,
can see the comparably large effect of the SU~3! symmetry
breaking. Considering the SU~3! symmetry breaking inheren
already in experimental magnetic moments, one can say
the effect of SU~3! symmetry breaking is even larger. Fro
the comparison of the third and fourth columns, we can fi
the effects of SU~3! symmetry breaking. The effects o
f 2(0)/ f 1(0) are noticeably large in almost every dec
mode. In particular, the deviation from SU~3! symmetry ap-
pearing in theS2→ne2 n̄ mode is remarkable. Indeed, th
effects of SU~3! symmetry breaking pull f 2(0)/
f 1(0)(S2→n) drastically down from its SU~3! symmetric
value, so that it turns out to be in good agreement with
data@5#.

The expressions ofg1(0) for the case of SU~3! symmetry
breaking can be obtained similarly to the SU~3! symmetric
case~see Table I!. For convenience, we define the baryon
axial-vector constants as

gA
B5K BUS gA

~3!1
1

A3
gA

~8!D UBL . ~40!

Then we can write the expressions forg1(0)(B1→B2) simi-
lar to Eq.~39!:

g1
~n→p!~0!5

1

2
~gA

p2gA
n !,

g1
~S2→S0!~0!5

1

2A2
~gA

S1
2gA

S2

!,

2Note that though we use the SU~3! symmetric expressions to
obtain the first column in Table II the results nevertheless includ
part of the SU~3! symmetry breaking through the experimental da
However, by doing that we can see at least the effect of SU~3!
symmetry breaking within the framework of thexQSM.



ix

ta

–
o

r
o

x-
l
ree

the

ith

57 305SEMILEPTONIC DECAY CONSTANTS OF OCTET . . .
g1
~S6→L!~0!57

1

2
A2

3S 2gA
n1

1

2
gA

S0
2gA

J0
1

3

2
gA

LD ,

g1
~L→p!~0!5

1

2A6
S gA

n1
5

2
gA

p1
1

2
gA

S2
23gA

L2gA
J2D ,

g1
~S2→n!~0!5

1

2S gA
n1

1

2
gA

p2gA
S2

2
1

2
gA

S1D ,

g1
~J2→L!~0!5

1

2A6
S gA

p2
1

2
gA

S1
13gA

L2gA
J0

2
5

2
gA

J2D ,

g1
~J2→S0!~0!5

1

2A2
S gA

S1
1

1

2
gA

S2
2gA

J0
2

1

2
gA

J2D .

~41!

Making use of Eq.~20!, we obtain the sum rule between s
different decay modes

g1
~n→p!5

1

2
~A2g1

~S2→S0!1A6g1
~S1→L!2A6g1

~L→p!

1g1
~S2→n!22A2g1

~J2→S0!!. ~42!

In order to verify Eq.~42!, more accurate experimental da
are required than presently available. In the SU~3! limit the
right-hand side of Eq.~42! becomesD1F in accordance
with the Cabibbo theory@47#.

In Table III, the results ofg1(0)/ f 1(0) with SU~3! sym-
metry breaking are compared to those in SU~3! symmetry.
The effect of SU~3! symmetry breaking is measured in 5
10 %, which is not that strong. Compared to the case
f 2(0)/ f 1(0), theeffect of SU~3! symmetry breaking is rathe
soft. This is partly due to the fact that in the axial-vect

channel the mass differences do not come into play, which
f

r
is

somewhat in line with the argument of Ref.@13#. The results
predicted by thexQSM are in good agreement with the e
perimenta data@44# within about 15% which is a typica
predictive power of the model. In particular, the results ag
with the data remarkably inuDSu51 channels.

It is also interesting to see that in the present model
ratio of g1 / f 1 betweenL→pe2 n̄ decay andS2→ne2 n̄
decay is well reproduced

g1 / f 1~L→pe2 n̄ !

g1 / f 1~S2→ne2 n̄ !
522.28 ~Expt: 22.1160.15!.

~43!

It was pointed out that this ratio isa priori constrained to23
in quark models with SU~6! symmetry@48,49#, which is no-
ticeably larger than the experimental value.

It is also interesting to compare the present results w
those from the Skyrme model with vector mesons@50#. Ref-

TABLE III. The results of g1(0)/f 1(0). The column under
xQSMsym lists the numerical results in exact SU~3! symmetry while
in the next column shows the case of broken SU~3! symmetry by
ms . The constituent quark massM5420 MeV is used. Most ex-
perimental data are taken from the Particle Data Group@44#. The
data for theS2→L mode is taken from@45# while that for the
J2→S0 mode is from@46#.

Decay mode xQSMsym xQSMbr Expt.

n→p 1.33 1.42 1.257360.0028
S2→S0 0.50 0.55
S2→L 0.83a 0.91a 0.72060.020a

L→p 0.78 0.73 0.71860.015
S2→n 20.33 20.31 20.34060.017
J2→L 0.23 0.22 0.2560.05
J2→S0 1.33 1.29 1.2520.16

10.14

aInstead ofg1 / f 1, we list A3
2 g1.
TABLE IV. The induced pseudotensor coupling constants ratiog2(0)/f 1(0). Theresults are compared
with Refs.@49,51#.

Decay mode Expression xQSM Schlumpf Kellett

n→p 0 0 0 0.29
S2→S0 0 0 0

S2→L 2
4ms

5A3
MS2b2

a

20.029a 0 a 0.18a

L→p
8ms

5A3
ML~b11

1
2 b2! 0.046 0.023 0.25

S2→n 2
4ms

15A3
MS2~3b11b2! 20.020 20.007 20.09

J2→L
2ms

5A3
MJ2b1

0.006 0.008

J2→S0 2ms

15A3
MJ2~21b1116b2! 0.125 0.04

aInstead ofg2 / f 1, we list A3
2 g2.
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erence@50# presented theg1 / f 1 ratio in five different chan-
nels. Except for theL→p mode, the present model seems
be far better than Ref.@50#. For example, we obtain th
ug1 / f 1u50.31 for theS2→n mode comparable to the ex
perimental data 0.3460.017, while Ref.@50# yields 0.24.

From Eq. ~21!, we can obtain the ratiog2(0)/ f 1(0) in
terms ofb1 and b2. In Table IV, the expressions and nu
merical results for them are listed. Numerically,b2 is much
larger than b1, which explains why theg2 / f 1 for the
J2→S0 mode turns out to be much greater than those
the other modes. Our results are compared with results o
SU~6! relativistic quark model@51# as well as with those of a
light-front relativistic quark model@49#. We see that our re
sults are close—within a factor of 2—to the results of R
@49#, whereas they differ by almost an order of magnitu
from those of Ref.@51#.

IV. SUMMARY AND CONCLUSION

The aim of the present work has been to investig
baryon semileptonic decays within the framework of the c
ral quark-soliton model (xQSM!. In particular, the role of
SU~3! symmetry breaking in baryon semileptonic deca
have been discussed. Based on the recent studies on the
D

.

s.
r
an

.
e

e
-

s
ctet

magnetic moments and axial-vector constants, we have
tained the ratiosf 2 / f 1 and g1 / f 1 without and with SU~3!
symmetry breaking, respectively. In exact SU~3! symmetry,
we have shown thatg2 vanishes in the present model, as
should be. We have discussed also that for theF/D ratio the
xQSM (0.61) interpolates the Skyrme model (5/9) and
NRQM (2/3).

It was found that the effect of SU~3! symmetry breaking
differs in different channels and modes. In general, SU~3!
symmetry breaking contributes strongly to the ratio of t
vector coupling constantsf 2(0)/ f 1(0) while it does not
much to the ratiog1(0)/ f 1(0). In addition, we have evalu-
ated the ratiog2 / f 1. This is the first calculation of theg2 / f 1
in soliton models. The results come out to be small exc
for theJ2→S0 mode. Due to lack of experimental data, th
values ofg2(0) we calculated are predictions.
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