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Semileptonic decay constants of octet baryons in the chiral quark-soliton model
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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 consfants) (and @;,9,).
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 cofigtdatandg, /f;. 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 ccgf&amn be
expressed in terms of the/D ratio andg$?) 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 constaptsf; are calculated, the SB8) symmetry breaking being considered.

The results indicate that the effect of &Jsymmetry breaking might play an important role for some decay
modes in hyperon semileptonic deca$0556-282197)02923-9

PACS numbd(s): 12.39.Fe, 13.30.Ce, 14.20.Jn

I. INTRODUCTION and the recoil effect. However, Roos reanalyzed hyperon
semileptonic decaygl0] including recent data and showed
Baryon semileptonic decays have played an importanthat the scheme of symmetry breaking by Donogeuael.
role in various facets to the understanding of the structure ofajls to fit correctly theg, /f, ratio for A—p+e~+ v. The
baryons. For example, they provide information on themjismatch of strange-quark wave functions worsens the fit.
Cabibbo-Kobayashi-Maskaw&KM) angles|Vq and|Vyd  Only by introducing a substantial second-class axial-vector
as well as theé=/D ratio. Recently, baryon semileptonic de- coupling g, in the A—>p+e’+v_, one could fit the data

cays have gamed_new mt_erest in respect of a series of e’flO]. Avenarius[11] studied also S(8) symmetry breaking
periments measuring the first momept_of the spin-dependent semileptonic hyperon decays, based on Arsatzthat
.struc.ture func.tlorgl(x) [1-4], since it is rglated 'to SB) SU(3) symmetry in the polarization at the current quark level
invariant matrix elements of hyperon semileptonic processeg kept while SW3) symmetry at the constituent quark level
FandD. __is broken. The result was that with £8) symmetry broken
A recent high-precision measurementf—n+e +v  the F/D ratio (0.73-0.09) turned out to be larger than that
[5] shows a hint that the effect of $8) symmetry breaking of the case of S(B) symmetry (0.580.02). Ehrnsperger
might be important to describe baryon semileptonic decaysand Scfiter [12] came to a rather different conclusion. They
Another experiment measuringg /f, in A—p+e + v was  showed that the effects of $8) symmetry breaking lead to
conducted by Dworkiret al. with high statistics[6]. The a reduction of theF/D ratio (0.49-0.08). Quite recently,
result of Ref.[6] prefers the hypothesis that the weak mag-Ratcliffe [13] reexamined S(B) symmetry-breaking effects
netism is less than the CV(@onserved vector currénpre-  in hyperon semileptonic decays. What he obtained is that
diction (f,/f;=0.97). In fact, Ref. [6] obtained F/D=0.582 for an SB) symmetric fit and=/D=0.570 for
f,/f1=0.15:0.30 at which the fit yields the minimum of an SU3) breaking fit. The result of Ref13] indicates that
x2. This value is really far from the CVC hypothesis. Also the effects of S(B) symmetry breaking is rather tiny. There
from the theoretical point of view there were already serioushave been also similar discussions related to the validity of
doubts about the strong postulate of exact{Blsymmetry  SU(3) symmetry in the context of the spin structure of the
in the Cabibbo theory7-9|. proton. In particular, Lipkin strongly criticized the use of
The effects of SIB) symmetry breaking in baryon semi- SU(3) symmetry in studying the spin structure of the proton
leptonic decays have been extensively studied from variougl4]. The topic of SW3) symmetry breaking in hyperon
points of view[9—-13. Donoghueet al. [9] made a careful semileptonic decays seems to be evidently far from the
analysis of hyperon semileptonic decays, considering thsettlement yet and very difficult to be analyzed without rely-
pattern of symmetry breaking based on the quark model. ling on particularAnsaze
was asserted in Rgf9] that SU3) breaking comes from two Recently, we investigated the magnetic moments of the
sources: the mismatch of the wave functions for the quarkbaryon octet[15] and the axial-vector constants of the
nucleon [16] within the framework of the chiral quark-
soliton model ¢QSM) [17], taking into account the M.
*On leave of absence from PNPI, Gatchina, St. Petersburgotational corrections and linearg corrections which furnish

188350, Russia. the effect of SW3) symmetry breaking. The magnetic mo-
TOn leave of absence from Institute of Physics, Jagellonian Uniments and axial-vector constants which are given in terms of
versity, Cracow, Poland. diagonal matrix elements can be, however, related to the off-
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factors f4, f,, and g,. Therefore, we can easily evaluate o
them, using former calculations. The presence ofitQeor- W(X)y,(1— ¥s)3(Aa+iNs)h(x) for |AS|=1.
rections allows the nonvanishing values of induced pseudo- 2
tensor coupling constants. - _ _

The largeN, limit (N.—c) provides a useful guideline The transition matrix element of the hadronic weak cur-
in understanding the low-energy properties of the baryorent(B,|J)/|B;) can be expressed in terms of six indepen-
systematically 18], though in realityN, is equal to 3. In the dent form factors:
largeN,, the nucleon can be viewed as a classical soliton of if,(q?)
the pion field. An example of the dynamical realization of w, _T 2 2 v
this Fi)dea is given by thepSkyrme mgo[élg]. However, the (B2l3,1By) uB2(p2)Hfl(q )V M1 Tl
xQSM presents a more realistic picture than the Skyrme

diagonal transition form factors, i.e., semileptonic weak form " [ Wx)h(l— ye) 2\ £iN) #(x) for AS=0,

2 i 2
model. In the light of chiral perturbation theory, the effective + @q }—[gl(qz)y - '92(9 )U q”
chiral action on which thg QSM is based contains automati- My 7 koM
cally the four-derivative Gasser-Leutwyler terrf20] and ()
the venerable Wess-Zumino terf@1] with correct coeffi- + 9519 q ]7,5 Ug.(Py), ®)
cients[22—-24. Moreover, theyQSM interpolates between M, !

the Skyrme model and the nonrelativistic modBIRQM)
[25,26, because theyQSM is ideologically close to the
Skyrme model in the limit of large soliton size while as the

size of the soliton approaches zero §@SM reproduces the We can safely negledt; andgs for the reason that on ac-

results of the NRQM. . S ;
The aim of the present paper is to investigate the semilepg.Ount ofd, the!r c;)ntrlzbutlon to the decay rate is propor-

tonic decay constantsf{, f,) and @, g,) within the tional to the rat|orn,/M1<1, vyherem| represents the mass

framework of theyQSM. The outline of the paper is as fol- ©f the lepton @ or ) in the final state andA, that of the

lows. In the next section, we sketch briefly the basic formal-b""ry(?n in the initial state. . .

ism of the yQSM. In Sec. Ill, we first discuss the semilep- |t IS already well known thva to deal with the hadronic

tonic decay constants in $8) flavor symmetry. As it should Matrix elements such aB,|J,[By) in the YQSM (for a

be, it is shown that the induced pseudotensor coupling cod€View see[27]). Hence, we shall briefly explain how to

stantg,(0) vanishes in S(8) symmetry within the frame- calculate them with regard to the semileptonic processes.

work of the yQSM. TheF/D ratio is also discussed. The The YQSM is characterized by a low-momenta QCD parti-

singlet axial-vector constanf® is shown to be related to the 1o function [28] which is given by a functional integral

F/D ratio and the axial-vector constagf® . Considering the V€' eight pseudoscalar and quark fields:

strange quark mass,, we discuss the effect of IB) sym- R

metry breaking on the coupling constafis f,, andg;. The  Z= J DzﬂDWDw%xr{ f d*xy"B(—id+m+M Uys)lﬁ)-

0, is also evaluated. We compare the results with those ob- (4)

tained in the case of SB8) symmetry. The deviations from

the Cabibbo theory are discussed in detail. In Sec. IV, wdntegrating out quark fields leaves us with the effective chiral

with the momentum transfey=p,—p;. The form factord;
andg; are real quantities depending only on the square of the
momentum transfer in the case GfP-invariant processes.

summarize the present work and draw the conclusion. action
Z= | DmPexp—S, , 5
Il. GENERAL FORMALISM J' 4 d el 1) ©
The transition matrix elemem/lBl_,BZJI for the process where
B,—B,l v, can be written as A
1—Baly Serr= — SpINB(—id+m+MU 75) (6)

with the pseudoscalar chiral field
G| V4 (for AS=0)

Mg B iv="= _ 1+ 1-
1R 2\ Vs (for [AS|=1) U= expli 7\ yg) = ZYSUJ’T%UT' @

X(B2|3}[B1) ui(pp) (1~ y5)Uy (P,),
(D)

m is the matrix of the current quark mass given by
m=diag m,,my,Mg) =Myl+mghg. 8)

whereG denotes the effective Fermi coupling constant and\2 represent the usual Gell-Mann matrices normalized as
Vud, Vus stand for the Cabibbo-Kobayashi-Maskawa tr()\a)\P) =220 Here, we have assumed isospin symmetry
angles. The leptonic current (p;) y*(1— ys)u, (p,) isthe  (m,=my=m). M stands for the dynamical quark mass aris-

known part. The hadronic weak curreﬂnﬁ’ has following ing from the spontaneous chiral symmetry breaking, which is
spin and flavor structures: in general momentum-dependd8]. We regardM as a
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constant and employ the proper-time regularization for conThe transition matrix element of the hadronic weak current
venience. Then, andmg in Eq. (8) are respectively defined given by Eq.(3) can be related to the correlation function

by

Jg,

_ _ ST\ — . . T
2m+mg  mg m-mg —mg <0 X’E) wl“o:png(y,—E)0> (17)

3 3’ m8:—: . (9)

V3B

The operatoiD is expressed in Euclidean space in terms of2t [arge Euclidean tim&. I andO are abbreviations for the
the Euclidean time derivative. and the Dirac one—particle CcOrresponding spin and flavor operators. Thedenotes the

m0:

HamiltonianH (U 75): baryon current which is constructed frady quark fields
iD=4,+H(U7s)+ Bm, (10) L aay
JB_N_C!S 1 NCFS%||3Y lpalil' o lﬂaNciNc' (18)
with
b ap---ay_are spin-isospin indices; - - ~i,\,c are color indi-
H(UY)=——+BMU™. (1) ces, and the matricdégl%'l‘l";’“c are taken to endow the cor-
3

R responding current with the quantum numb8&l11,Y. The
B and « are the well-known Dirac Hermitian matrices. The JB(JE) plays a role of annihilatingcreating the baryon state
U is assumed to have a structure corresponding to the enmat large T. The rotational MM, and linearmg corrections
bedding of the S(2) hedgehog into S(3): being taken into account as shown in Ef6), the relevant
transition matrix elements can be written as

u (UO 0) (12)
c™ ) ~
0 1 (f1+f2)B17B2 =w;(Bo| DYG|B1) +Wadpae(Bo| DK SilBy)
with Ws R
B +TR(BID{Y SB)

Ug=exdir-7P(r)]. (13
P(r) is called profile function. The partition function of Eq. +m; &dpq3<Bz|D§(8,; Dga)“gl)
(4) can be simplified by the saddle point approximation V3
which is exact in the larg®\. limit. One ends up with a 8) ~(8) 1 ~(8) (8)
stationary profile functiorP(r) which is evaluated by solv- +Ws(By|(Dys Dgg +Dkg Dgz)|B1)
ing the Euler-Lagrange equation corresponding to
8Seit/ 6P(r)=0. This gives a static classical field,. The +W6(Bz|(D§<83) Dg88>_D§(8g Dg%))IBQ

soliton is quantized by introducing collective coordinates
corresponding to SU(3)rotations of the soliton in flavor

spaceland simultaneously SU(Z), in spin spacé (19

U(t.%) = RIOU KR (1), (14) anrdthe transition magnetic moment$;(0)+ f,(0)](B1—~B2)

whereR(t) is a time-dependent §B) matrix. The quantum
states from this quantization are identified with the($U ggBlﬁBz)zal<|32|Dg(83>|51>+a2dpq3<|32||3§(83 §,/B1)
baryons according to their guantum numbers. In the latge
limit, the angular velocity of the solitofd = RT(t)R(t) can az ®) &
be regarded as a small parameter, so that we can use it as an + ﬁ(Bﬂ Dis S3[B1)
expansion parameter. After the rotation, the Dirac differen-
tial operator Eq(10) can be expressed as a, & ~®
_ . +mg Edpq3<BZ|D§(p ng |Bl>
iD=[a,+H(U)+Q(t)+ y,RT(t)mR(t)]. (15
8) n® (8) H(8)
Then the propagatoid) ~* can be expanded with regard to +a5(B2|(Dx3 Dos + Dxg Do) By
the angular velocity) and the strange quark masg:
+a5(B,| (D3 Dyg— DY Dg3)[B1) |, (20
1 1 1 1

ﬁzw-i-iH a w-l-iHQw-f-iH

for the transition axial-vector constarg%BﬁBZ)(O). The in-

duced pseudotensor coupling constagf;ﬁB?)
pressed by

~ are ex-
y4RT()MR(t)

(16)

w+iH w+iH’
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g(BﬁBz) TABLE I. The expressions of,(0), f,(0), andg,(0) in exact
2 . . )
N =4Amy(B1if aps+ Bai€ans) - (B2|DxaDgplB1)- SU(_3) symmetry. Thex, and thex, denote the anomqlous mag
B, netic moments of the proton and the neutron, respectively.
(21)
Decay mode f1(0) f5(0) g.(0)

The parametersy;, a;, and 3; depend on dynamics of the 1
chiral soliton. As for the expressions far anda;, one can "—P 1 3(Kkp=Kn) F+D

find them in Ref[29] and Ref[16], respectively,8; and 8, , 1
can be written explicitly a$30,31] -3t V2 E(KpJF%Kn) V2F
1 ZEoA 0 +\/—Kn I@D
B8 s 5o SH g e e ) A i Wi Teeom
(22) 3" —n 1 2(Kp+2Kn) F-D
ET-A Vi 3Bt VEF-DR)
1 - - 1 1
= . = 0 = el 1
P 12( p( w+iH oty 7T =% 5 25" V3(F+D)
(23)

The remarkable feature of the soliton picture of the bary-
ons is that the singlet axial-vector charge of the nucigiSh
is expressed in terms of theameparametersy; as in Eq.
(20):

Hence, we have two different contributions of @Jsym-
metry breaking: One from the effective Lagrangian and the
other from the wave function corrections. All contributions
of SU(3) symmetry breaking are kept in linear orderrof.

1 Apart from these two contributions, we shall see in the next
ggo):_aﬁ \/§ms(a5_a6). (24) section that in the case df,(0) the mass differences be-
2 tween octet baryons come into play. Hence, on the whole, we

) o 0) have three different sources for the @Usymmetry break-
Hence, in this picture the value gf can be extracted by ing in the present model.

fitting the data on semileptonic decaysthout resorting to

those on polarized deep inelastic scattefisge the next sec-

tion for the analysis of the S@3)-symmetric casp With Ill. SEMILEPTONIC DECAY CONSTANTS IN THE xQSM
SU(3) symmetry explicitly broken bymg, the collective
Hamiltonian is no more S(3) symmetric. The pure octet
states are mixed with the higher representations such as an- In exact SU3) symmetry, the vector coupling constants
tidecuplet states. Therefore, the baryon wave function withf,(0) and f,(0) can be simply expressed in terms of the
spin S=1/2 requires the modification due to the strangeanomalous magnetic moments of the proton and neutron.
qguark massit). Since we treaing perturbatively up to the Similarly, g,(0) in all decay modes can be parametrized in
first order, the collective wave function of the baryon octetterms of two SW3)-invariant constant§& andD [33]:

can be written as

A. Exact SU(3) symmetry

(B1—By) _

gy =Fcl B2 pcii Pz, (28)

Pe(R)=VE(R)+ms e TEO(R)+me5VE"(R),

@9 whereCElHBZ and CSPBZ are SU3) Clebsch-Gordan coef-
where ficients that appear when an octet operator is sandwiched
between octet states. The superscript refers to the hadrons
1 J6 involved and subscripts and D denote the antisymmetric
J5 0 1 3 and symmetric parts. Wel list the expressions fg(0),
2= )| |1z, co= 7580 tri—ary)| |l f2(0), andg;(0) in Table I.

The pseudotensor coupling constagtg0) are all pre-
0 \/5 dicted to be zero in exact §8) symmetry because db
(26)  parity. In fact, it can be shown tha,(0) vanish in the
present model. To do so, it is of great use to introduce a

in the basis of N, A, X, E]. Here,B denotes the S(3)  transformation
octet baryons with the spin 1/2. The constanis related to
the nucleon sigma terd =m(N|uu+ dd|N)=3/2mo and
r; designate«;/l;, whereK; stands for the anomalous mo-
ments of inertia defined in Ref32]. The collective wave
function can be explicitly written in terms of the %)
Wigner D function

Gs=7,Cys, (29

INote that the signs in th& —p, andS, ~—n modes are different
from Ref.[33]. However, the ratios$,(0)/f;(0) andg,(0)/f,(0)

2 are not affected. We have employed the phase convention in the
\II(/” =(—)S"Y2/dim(w)[D Y)TT3)< 15%] - @7 manner of De Swarf34,35.
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where C |s the operator of charge conjugation: which give the correct values o> andg‘® in the NRQM,

C'y,C=—y,,. Under this transformation, the one-body i.e., g¥)=5/3 andg{®=1. The ratioF/D then can be writ-
Dirac Hamlltoman Dirac, and Pauli matrices are respecten in terms ofa; :

tively changed as follows:

F 5/ —a;t(1/2)a,+(1/2)a;s
D 9\—a;+(1/2a,—(1/6)as)’

G5 'HGs=H", (37)

G5 7,Gs= 7, for a=1,....5, In the limit of the Skyrme model, i.e., when the size of the
soliton is very largg25], g{°) approaches zero ar; van-
ishes. Hence, th&/D ratio becomes obviously 5/9 in this
limit. This result is exactly the same as what was obtained by
Bijnenset al.[40] and Chemtolj41]. On the other hand, in
the limit of the NRQM, i.e., in the limit of zero soliton size,
the present model gives the valueFfD = 2/3 which is ex-

Gy '7,Gs=—1,. (30)

The pertinent trace for the leading order contribution to

g,(0) can be written as
<>Z > (3) actly the same value as that of the (BU NRQM. The
present model predict/D to be 0.61—correspondingly, we

Utilizing the G5 transformation and the properties of the haveg{’=0.36[37}—which lies between the value from the
trace tr(M ") =tr(M) and tritWMW ) =tr(M), we can show Skyrme model (5/9) and that from the NRQM (2/3). The

that the trace of the leading contribution vanishes: XxQSM shows here again interpolation between the Skyrme
model and the NRQMZ25,26. Notably, the smallness of the
5 d

singlet axial-vector chargg(o) is directly related to the fact
that F/D does not deviate much from that of the Skyrme
Ao, 1
=tr XG5 wtiH ’)/57'aXiG5

model (5/9), wherg” is known to be zerp42). Using Egs.
(34), (35), (37), we can express the singlet axial-vector con-
Similarly we can prove that the N/, rotational corrections to
0,(0) also disappear.

stantg!) in terms of theF/D ratio andg®:
In exact SU3) symmetry,g; can be written in

terms of three independent dynamic quantiesalculable
in the present model:

1

tr w-l—Hy

5TaXj| X

1

tr +H'y

5TaXj| X

T

d

1

+iH Y5 TaXi F 5

D~ 5) . (38

Substituting the value oF/D=0.582 obtained in a recent
analysis[13] andg$’=1.26, one getg?’=0.19.
The g4 is normally determined in experiments with
assumed to be zero. However, Hsuwethal. [5] extracted for
the first time the induced pseudotensor coupling congant
(B1—B2) _ ® in 3~ —ne v decay. This new experimental result gives a
% a1(B2|Dx |Bl>+a2dpq3<BZ|D Sq|B ) reduced value fog,(0): Instead ofg,(0)=0.328+0.019
as R andg,=0, g,(0)=0.20+0.08 andg,(0)= —0.56+0.37 are
+—(B,|DY) $|B,). (33  obtained. These results are remarkable, since they indicate
V3 that the effect of S(B) symmetry breaking might play an
— (hep) i ) important role in baryon semileptonic decays. In fact, these
As for the process—pe », g;" " becomes just the axial- ey experimental results have triggered discussions about
vector COUpIing Constarg,(,f’) . After some Straightforward the effect of SLGS) symmetry breaking in hyperon Sem”ep-
manipulation[16], we end up with the expression fgtZ)  tonic decay$11,13. Hence, we need to consider the explicit
[36,37: SU(3) symmetry breaking.

(3)
(32 go= 99
A T 14+F/D

=—1r

(B1—By)

7 1
09 =5 ~a1+ 3

30 (34) B. SU(3) symmetry-breaking effects

+
AT 1493

As we have shown in Sec. Il, the strange quark nmags
We can also obtain the singlet axial-vector coupling constanprovides the effect of S(3) symmetry breaking in two dif-

gl ferent forms: One from the effective action and the other
from the wave function corrections. Apart from these two
) 1 contributions, the mass difference between baryon states
9a =5 2as. (39 must be considered in the casefgf0).

By switching on SW3) symmetry breaking to the first

It is of great interest to see how th&SM plays an interpo- order inmg, we obtain the expressions fb5(0) andg;(0)
lating role between the Skyrme model and the NRQM. In thedeviating from those listed in Table I. It should be noted that

limit of the NRQM the dynamic quantities; in Eq.(33) are, by the Ademollo-Gatto theorerf#3] f,(0) do not get any
respectively[38,39, contribution from lineamg corrections. We choose the com-

bination of the magnetic moments in which all corrections
a;=—5, a,=4, az=2, (36)  from 1N, are canceled to avoid ambiguity arising from the
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TABLE Il. The results off,(0)/f,(0). Thecolumn under SU(3), lists the case of exact §8) sym-
metry with the experimental data af, and «, while the next column shows the case of broken(3U
symmetry bymg with the experimental data ofg [44]. The third column presents the numerical results of
f,(0) in thexQSM with the constituent quark makt=420 MeV, while the fourth one shows thosefg{0)
in the YQSM with the same constituent quark mass. The experimental data are taken froft]Ref.

A—pe” v and from Ref[5] for 3~ —ne v.

Decay mode SU(3)m SU(3)y, XQSMyym XQSMy, Expt.

n—p 1.853 1.853 1.41 1.58

330 0.418 0.516-0.012 0.25 0.43

ST A 1.4352 1.625+0.0112 0.952 1.332

A—p 0.896 0.787%0.004 0.64 0.74 0.150.30

S —n -1.017 —1.010+0.016 -0.92 -1.18 —0.96+0.07+0.13
E A —0.060 —0.093+0.006 -0.14 -0.18

=230 1.853 1.7250.011 1.41 2.06

4nstead off,/f,, we list \/§f2.

relations between the hyperon magnetic momelris]. (39), respectively, we obtain thie(0)/f(0) ratios for seven
Hence we get the unambiguous relations between hyperatifferent channel$.Let us first compare the first two col-

magnetic moments and off-diagonal matrix elements: umns. Apart from théA S|=0 modes for which the effect of
SU(3) symmetry breaking is observed in around 10%, we
fn—=P(0)= l( _ can see the comparably large effect of the(®lsymmetry
2 = 5 Kp Kp)

breaking. Considering the $8) symmetry breaking inherent
already in experimental magnetic moments, one can say that
3-39) Ms 1 the effect of SWU3) symmetry breaking is even larger. From
f3 (0)— \/E(Ky_ Ks-), the comparison of the third and fourth columns, we can find
the effects of SB) symmetry breaking. The effects on
f,(0)/f{(0) are noticeably large in almost every decay

fft*M(O): __Ms oy s mode. In particular, the_deviation from &8) symmetry ap-
\/EMN pearing in the2 " —ne™ v mode is remarkable. Indeed, the
effects of SW3) symmetry breaking pull f,(0)/
f1(0)(X~—n) drastically down from its S{B) symmetric
HIA=T3 —rntg(Kksetry-) T Kzt Ky value, so that it turns out to be in good agreement with the
data[5].
M, 5 1 The expressions af,(0) for the case of S(B) symmetry
AP (0)= Kot 5 Kot 5 K- 3KA_KE>1 breaking can be obtained similarly to the @Usymmetric
2\/—MN 2 case(see Table)l For convenience, we define the baryonic
axial-vector constants as
M 1 1
(" —n) 7z Ke— Ks - — =K+
2 0= 2My PRI ) B_{B|| g® 1 <8>> B (40)
= +— .
9a (2] \/§QA

f(ZE_’A)(O)=£(K —EK2++3KA_K:O_§K:),
26M\ " 2 = 2"

1 1
Ky + + Ky-—Kg0— 5 Kz- |,

1
(n—p) — _—_(gP—Q"
(39) gl (0) 2 (gA gA)v

Then we can write the expressions fpi(0)(B;—B,) simi-
lar to Eq.(39):

f(~ HEO)(O) _

2(

wherexg is the anomalous magnetic moment corresponding

to the baryonB. These relations have corrections of order (g 30 (0)=
O(mg) and O(mg/N.) which are assumed to be small. In

exact SUW3) symmetry these relations reduce again to the

SU(3) relations shown in Table I. In Table Il we compare the

results with SWB) symmetry breaking to those in $8) ’Note that though we use the §) symmetric expressions to
symmetry. The experimental data fbs(0) are taken from  gptain the first column in Table Il the results nevertheless include a
Ref. [6] for A—pe” v and from Ref[5] for %~ —ne v. part of the SW3) symmetry breaking through the experimental data.
Incorporating experimental values for magnetic momentsHowever, by doing that we can see at least the effect of35U
taken from[44] into formulas in Table | and those in Eq. symmetry breaking within the framework of theQSM.

st ST
2\/§(gA ga ),
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TABLE Ill. The results of g4(0)/f1(0). The column under
XQSM,nm lists the numerical results in exact &) symmetry while
in the next column shows the case of broken(®lsymmetry by
m. The constituent quark madg =420 MeV is used. Most ex-
perimental data are taken from the Particle Data Grigl4d. The
data for theX, " — A mode is taken fronf45] while that for the
E~—3% mode is from[46].

3
Egﬁ),

1 5 1 - L
(A—p) ny ZoP4+ = 3 -3 A_ LB )’
91 (0)= 2\/6(9A 29A 29A da—9a

1

- 1 1 - .
3T - ) ) _
g(l n)(o)_E gRJF ng’-’\_gA _EgA ) Decay mode XQSMgym XQSMy, Expt
n—p 1.33 1.42 1.25730.0028
) 1 5 3730 0.50 0.55
9= ~“M0)= J—(gA ng " +3ga-of —Eg,f ) SToA 0.83% 0.912 0.720+0.020%
A—p 0.78 0.73 0.7180.015
57 —n -0.33 -0.31 —0.340+0.017
CRESL 1s- g0 1 - E A 0.23 0.22 0.250.05
91 (0 )_2\/‘ T298 “Ox T30 |- =30 1.33 1.29 1.25'01

41
(41) 4nstead ofg, /f,, we list \/ggl-

Making use of Eq(20), we obtain the sum rule between six

different decay modes somewhat in line with the argument of RgL3]. The results

predicted by theyQSM are in good agreement with the ex-

1 B - B perimenta datd44] within about 15% which is a typical
(n P= 5 \/—g(2 24 \/—9(2 M- \/—g<A P predictive power of the model. In particular, the results agree
with the data remarkably ilAS|=1 channels.
+g¥ "M-229F HE(’))_ (42) It is also interesting to see that in the present model the

ratio of g, /f; betweenA—pe v decay and®,”—ne v
In order to verify Eq.(42), more accurate experimental data decay is well reproduced
are required than presently available. In the(3Uimit the

right-hand side of Eq(42) becomesD +F in accordance
with the Cabibbo theory47].
In Table lll, the results ofy,(0)/f1(0) with SU3) sym-

01/f1(A—pe” v)

—2.28 (Expt: —2.11+0.15).
(43

g./f (X" —ne” v)

metry breaking are compared to those in(Susymmetry.
The effect of SW3) symmetry breaking is measured in 5— It was pointed out that this ratio &priori constrained to- 3

10 %, which is not that strong. Compared to the case ofn quark models with S(6) symmetry[48,49, which is no-
f,(0)/f1(0), theeffect of SU3) symmetry breaking is rather ticeably larger than the experimental value.

soft. This is partly due to the fact that in the axial-vector It is also interesting to compare the present results with
channel the mass differences do not come into play, which ithose from the Skyrme model with vector mes$b§]. Ref-

TABLE IV. The induced pseudotensor coupling constants rgsi@®)/f,(0). Theresults are compared
with Refs.[49,51].

Decay mode Expression xQSM Schlumpf Kellett
n—p 0 0 0 0.29
3 30 0 0 0
4my
S A _ﬁ'\"?ﬁz ~0.029° 02 0.182
a
8mg
A—p ZSM +1 0.046 0.023 0.25
5\/§ A(Bl 2/32)
_ amy
ST —n S Me-(38.+ —0.020 —0.007 —0.09
15\/§ 3 ( ﬂl 32)
EA LIV 0.006 0.008
SI
= 2m
B30 = M= (218,+168,) 0.125 0.04
15\/§ = 1‘61 BZ

4nstead ofg,/f,, we list \/ggz.
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erence50] presented thg, /f, ratio in five different chan- magnetic moments and axial-vector constants, we have ob-
nels. Except for the\ — p mode, the present model seems totained the ratios,/f; andg,/f; without and with SU3)
be far better than Refl50]. For example, we obtain the symmetry breaking, respectively. In exact SJUsymmetry,
|g,/f4]=0.31 for theX~—n mode comparable to the ex- we have shown thay, vanishes in the present model, as it
perimental data 0.340.017, while Ref[50] yields 0.24. should be. We have discussed also that forRhe ratio the
From Eq.(21), we can obtain the ratig,(0)/f;(0) in  xQSM (0.61) interpolates the Skyrme model (5/9) and the
terms of 8; and B,. In Table IV, the expressions and nu- NRQM (2/3).
merical results for them are listed. Numericalf3, is much It was found that the effect of SB) symmetry breaking
larger than 8;, which explains why theg,/f; for the differs in different channels and modes. In general (3U
E~—3% mode turns out to be much greater than those fosymmetry breaking contributes strongly to the ratio of the
the other modes. Our results are compared with results of avector coupling constant$,(0)/f;(0) while it does not
SU(6) relativistic quark model51] as well as with those of a much to the ratiog,(0)/f41(0). In addition, we have evalu-
light-front relativistic quark mod€l49]. We see that our re- ated the ratia@,/f,. This is the first calculation of thg, /f,
sults are close—uwithin a factor of 2—to the results of Ref.in soliton models. The results come out to be small except
[49], whereas they differ by almost an order of magnitudefor the 2 ~— 3% mode. Due to lack of experimental data, the
from those of Ref[51]. values ofg,(0) we calculated are predictions.

IV. SUMMARY AND CONCLUSION
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