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SU(3)-symmetry breaking is studied in the framework of the chiral bag models. Comparisons are
also made with the NIT bag model and the harmonic-osciBator quark model. An important clue

for the nature of the symmetry breaking comes from the isoscalar axial-vector couphng constant g&~

which can be indirectly estimated from the Bjorken sum rules for deep-inelastic scattering. The
chiral bag model with two radii reasonably well accounts for the empirical values of g~~ and of the
axial-vector coupling constants measured in hyperon semileptonic decays.

I. INTRODUCTION

In this paper we will study axial-vector coupling con-
stants g„measured in the hyperon semileptonic decays'
[and known there as gi(0} terms] together with the axial-
vector isoscalar coupling constant g„which can be es-

timated from the Bjorken sum rules for the deep-
inelastic scattering of polarized electrons on a polarized
proton. As will be shown in the following, a combination
of those data can be used to disentangle and pinpoint the
contributions which are responsible for the theoretical
quark-model descriptions of the empirical coupling con-
stants.

First, the estimated value of gz stresses the relativistic
character of the internal quark motion, which has to be
present in any successful quark model. In the static quark
model SU(6) spin-flavor symmetry of the nucleon wave
function predicts s

—,
' for the isovector gz responsible for

the decay n ~p +leptons. The same considerations give
1 for gg (Refs. 6 and 7). The relativistic effects reduce
the static prediction for g„by a factor ri:

fs= 3'9 . (1.1)

The experimental value gz ——1.2S (Refs. 1—3) is fitted
with il =0.7S (or —,

' ). This value can be easily reproduced
in the so-called harmonic-oscillator (HO} quark model, 9'
which will be, for the sake of completeness, described in
Appendix A. In the simple MIT bag model"' one finds
g„=l (i.e., ri is too small) if one uses standard parame-
ters. A nonstandard, and rather unconvincing approach,
based on large model-quark masses' is discussed in Ap-
pendix B. In a version of the chiral bag model, ' ' used
in Se:. III, one finds too large a value: gz -1.8. As will
be shown in Sec. II a chiral bag model with two radii'
can lead to a satisfactory value for g„'s measured in the
hyperon semileptonic decays.

As long as the flavor symmetry is unbroken, one finds a
unique prediction valid for any quark model:

gg ——q=0.75 .

Using the existing experimental values for the deep-
inelastic scattering" and with some theoretical extrapola-
tion, Ioffe and collaborators found the value

g —05. (1.3)

This value is in good agreement with the theoretical esti-
mate

gg ——0.5+0.2 (1.4)

which was obtained6 in a nonperturbative @CD approach.
A comparable result

gzs =0 68+0 02 (1.S)

has been founds using SU(3) symmetry and parameters of
hyperon semileptonic decays. As described in Sec. IV,
this approachs involved a guess about an SU(3) scalar ma-
trix element. The assumed values is valid for any bag
model as long as the flavor-SU(3) symmetry is not broken.

All direct estimates (1.3—1.S) of gq are in quantitative
agreement with the rough quark-model prediction (1.2).
This, as already stressed, can be explained only in terms of
the relativistic internal motion of quarks. However, the
estimates are always smaller than ri, i.e.,

gz(est) &ri . (1.6)

This can be understood as an SU(3)-symmetry-breaking
effect. The HO model and the standard MIT bag model,
discussed in Appendixes A and 8, require a down-quark
mass m~ to be appreciably larger than the up-quark mass

m„, which is not a very attractive proposition. However,
in the chiral bag models, discussed in Secs. II and III, the
effect can be associated with the static meson fields, i.e.,
the soliton mesonlike degree of freedom. ' ' ' Experi-
mentally known meson mass differences break SU(3) sym-
metry in such a way that one finds

go /go -0SS. (1.7)

already in a chiral bag model' ' (Sec. III) which gives
absolute values gz and gg which are too large. A dif-
ferent situation is encountered in the cloudy bag model
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(see Ref. 20). This paper is based on a chiral bag model
with a static "mesonic" phase, ' ' which is, for the con-
venience of the reader, discussed in some detail in Appen-
dix C. This compares nicely with the semiempirical range
of values '

0.24(gg/gg &0.56 . (1.8)

The so-called' chiral bag model with skin explores the
possibility that the quark confinement radius R and the
chiral radius R,h at which the mesonic phase couples to
quarks are not equal. The model can to some extent ac-
count for both the ratio (1.8) and the values of the axial-
vector coupling constant. As will be illustrated in the
concluding section, experimental data on hyperon semi-
leptonic decays might be in better agreement with the
theoretical description of the SU(3)-symmetry breaking
which is based on the mesonic degrees of freedom than
with the description involving the differences in quark
masses ' (i.e., m, & m„q) only. However, the mesonic de-

grees of freedom by themselves would not lead to the ap-
pearance of pseudotensor (i.e., gi) form factors which
must involve mass differences and/or other effects. '

Center-of-mass (c.m. ) corrections do also influence the
absolute value of g„: the papers of Donoghue and
Johnson and Tadic et a/. , which are based on the MIT
bag model, and which are in a full qualitative agreement,
indicate that c.m. corrections can increase gz by about
10%. This problem requires further study from the chiral
bag model point of view.

II. CHIRAL BAG MODEL %ITH SKIN

It has been shown"' some time ago that a correct
value for gz can be reproduced in a version of the chiral
bag model in which the Wigner phase region does not
coincide with the confinement region. This means that
the pion field is not excluded from the bag at the confine-
ment radius R but at a smaller radius R,h corresponding
to the length scale at which chiral symmetry is broken. In
our calculation we have used the ratio

TABLE I. SU(3) and SU(6) symmetry. This table is in full

agreement with Table 3 of Ref. 2. The third column follows

from the second if F= —, and D = 1.

Transition

X ~Aev

A~pev

~Aev

n ~pev

SU(3) parametrization

( —)' 'D

( —)( —, )'"(F+D/3)

(F+D)1

2

( —, )' '(F —D/3)

—F+D

F+D

0(8;~8f )

(
2 )I/2
3

1

3

5
3

A„(x)=—f B„P (x) . (2.4)

Here M denotes one of the nonet (88 1) of mesons. The
static field P is determined by the boundary condition at
r =R,h (Refs. 15 and 16) and it satisfies Eqs. (C3), (C4),
and (C5). These can be solved in terms of Green's func-
tions. One finds for a baryon matrix element

fl &Bf I 4 I 4 & = gA(Bf»i)~i(» R)

gM
x (Bf

I

o"ru I B; ) . (2.5a)

s-quark masses, which can in principle be unequal. Here
we have used m„&me&0 and m, =0.2, 0.3 GeV (In.
Appendix B m„=me ——0. ) In the notation used in (2.2)
one has gq g„(n——~p)

The meson contribution, described by a static (soliton)
mesonlike field involves an SU(3) octet and an SU(3) sing-
let of mesons.

The mesonic part of the axial-vector current is of the
form'3

R,h/R = —',
Here, in the lowest approximation (see Appendix C)

2. 1

In general the axial-vector form factor has a quark and
a meson contribution. The first one is of the form

gf(B;~BI)=O(Bf,B;)J d r(u;uf ,'u;uf) . ——(2.2)
and

COp

a)o ——2.04
3 ~o—&

Here B are baryons (hyperons) involved in the semilepton-
ic transition

u (r)Q()=; () x". (2.3)

As outlined in Appendix C, this general form can be
used for the chiral bag model' also. The quark wave
functions are modified' by the interactions with static
mesonlike fields. The functions g depend on u-, d-, and

8;~8f +leptons

and 0 (Bj Bf ) is the SU(6)-symmetry factor given in
Table I. The functions u and u are contained in an S-
wave quark-model function

~i ("")=IJmUi(ip~r)+'V" i (ipM»& )]

xhI"(ip~r ) . (2.5b)

)'= —(~.J i(ipM»)/~, h I"(ipM») l, =~,„
(2+p )sinhp —2p coshp

(2+2p+p )e

where

p=P~~ch .

The final result

(2.5c)

The symbols ji and h'&" denote spherical Bessel and
Hankel functions. When R,h & R one has
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and

R
gf= —j~q EP(R,h, R,@sr)0(B;~Bf}8 (2.6)

content of the respective currents. This is either (ud) for
M =1, )IS=0 meaning pion or (u$) for BS+0 meaning
kaon.

The ratio (1.8) can be written in a very compact form

g1 +I ~8 +~ g7 06 3

:- i6 &gM+dd+ )$$& (2.7a)

The last row in (2.7a) symbolizes the valence-quark con-
tent if Ss contains A, s SU(3} matrix and So contams
Ao ——( —,

' )'/ X 1. From Ref. 5 one finds

g} +g =
pygmy (2.7b)

so the valence-quark content is

g~$-&uu+dd+ ,'$$& . - (2.7c)

This means that a mesonic contribution to gq$ would
contain rl i and mls static fields, i.e.,

2

(gg ) = —— ( —,4i '+ —,
' 5i') . (2.8)3~0—1 R

The valence-quark content $$ appearing in (2.7c) was
essential in obtaining a correct decomposition (2.8). It
does not contribute to the quark piece (gz )~ which can be
found from the formula (2.2} with 0(B,B)=1. Thus one
has

R,h (1+pi$R }e

2R' 1+V$rR.h+0 5(.V~Ra }'

depends on the nonet meson mass @sr.
M =0, M =1 transition one encounters pions, while the
bS+0 transitions obtain contributions from kaons. The
isoscalar matrix elements (d6'=O, M =0) can have con-
tributions from octet and singlet states its and i) i.

In all calculations we have used empirical meson
masses. Differences in their magnitudes lead to quite no-
ticeable symmetry-breaking effects.

The valence-quark content of the isoscalar axial-vector
current can be found fmm Refs. 5 and 6. According to
Ref. 5 one has

gS

gw

3
1—

5 R,h1—

4

(2.10)

Here we have also indicated the respective valence-quark
content. The quark contributions which involve valence
quarks in the nucleon states ignore ss pieces, thus

which openly displays symmetry breaking. With all
meson masses equal, one finds the old SU(6)-spin-flavor-
symmetry value 0.6. With ps ——0.549 GeV and p, i ——0.958
GeV one obtains confinement radius-R-dependent values
as shown in Table II. It is gratifying that the R depen-
dence is very weak and that the SU(3)- [and/or U(3)-]
symmetry breaking due to the meson masses determines
the result.

The structure (2.9) holds quite generally:

R
gg (B;~Bf) =0 (B(,Bf)gf 1 — b ( (R,h, R) . (2.11)

R

The factor g/ is 0.653 for M =0 transitions and 0.7115
or 0.730 for m, =0.2 or 0.3 GeV for M+0 transitions.
Obtained numerical values are displayed in Table III,
showing that the chiral bag model with skin leads to the
absolute values which are comparable to the experimental
ones. This is quite different from the situation in the sim-
ple chiral bag model which will be discussed in the next
section.

One can also comment on an assumption made by Ref.
5 in order to deduce the semiempirical result (1.5). As in-
dicated above they have used gz with the following SU(3)
structure:

g~- i(-,')'"&~0&+-,'~&&~s&,

&g&-( —', }'~'&uu+dd+$$ &,

+dd —2$ & .1

3

g$ (g$)Q+(gS)M (2.9) &g&~=VZ&~s&~

The mesonic contributions to the semileptonic decay cou-
pling constants gz is determined by the quark-valence

as used by Ref. 5. However, mesonic contributions intro-
duce some differences:

TABLE II. g~l, g~, and the ratio g~ /gq.

3.50

4.96

—0.087

—0.058

—0.057

—0.049

—0.024

—0.009

—0.008

—0.006

—0.047

—0.023

—0.022

—0.017

1.236

1.226

1.226

1.221

0.682

0.665

ga ~go

0.552

0.546
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TABLE III. g~ for semileptonic decays calculated in the chiral bag model with skin. Experimental values correspond to the third
column (fit vrith g~ free) in Table VII.

Transition
IDesons

m, =0.2
mesons

m, =0.3

%'ithout %ithout
p=O

m, =0.2

R =4.96
p,&0

m, =0.2

GeV
p=0

m, =0.3
@+0

m3 ——0.3
p=0

m, =0.2

R =5.645 GeV
@+0 p =0 p/0

m, =0.2 m, =0.3 m, =0.3 Expt.

X—+A
A —+p

yo
—+A

X ~n

0.534
0.871
0.839
0.290
0.237
1.090

0.534 0.613
0.894 1.001
0.860 0.963
0.298 0.334
0.243 0.272
1.090 1.251

0.602
0.921
0.886
0.307
0.251
1.228

0.613
1.027
0.988
0.342
0.279
1.251

0.602
0.945
0.909
0.315
0.257
1.228

0.613
1.001
0.963
0.334
0.272
1.251

0.599
0.914
0.879
0.305
0.249
1.223

0.613
1.027
0.988
0.342
0.279
1.251

0.599
0.937
0.902
0.312
0.255
1.223

0.595
0.857
0.891
0.340
0.310
1.233

' 1/2 2
2 0 Rch

(A,s) i

3 3 filo 1—R

2
1 oiO Rch

3&3

is only about 1% smaller. Similar agreement can be
found for other radii R.

III. CHIRAL BAG MODEL

(g)
(Xs)

R ch

R
R ch ~'08

1R

=0.97@2 .
Rch ——R (3.1)

The chiral-bag-model' ' ' mesonic contributions to
gz follow immediately from the formulas given in the
previous section if one uses

(Z, ,SU(3)) = (3S —D) =
~3 0.383, Ref. 2 . (2.12a)

F=0.4434,
D=0.8056, "'f. '
I' =0.477,

Ref. 2

The model calculation leads to (for R =4.96 GeV ')

1 ohio R,h
2

(As) = 1—
3 3 coo —1 R

Thus even in the framework of our model the estimate
used by Ref. 5 far the above ratio is quite good. Natural-

ly, the absolute values, as can be also seen in Table III,
can be alsa influenced by the symmetry breaking. The
SU(3) estimate af the matrix element ( A,s ) gives

[oi —(mR) ]'
tan[co —(mR) ]'~ = '

N+ NTR

A

where

A =1+(1/n)

(3.2a)

This leads to a mesanic contribution in (2.11) that is too
large. There is no way to match experimental values (see
Table VII) of gz found in the hyperon semileptonic de-
cays unless one uses an enormously large confinement ra-
dius R which would lead to wrong predictions for hadron
masses. The quark contribution gg to the total g„given
in (2.2) is changed due to the presence of the meson field
(m-meson field in the case of n~p transition). The cou-
pling of the meson field to quarks at the confinement ra-
dius R changes the boundary condition. This leads to an

R-dependent
frequency co given by a solution of the equa-

tion'

=0.396 . (2.12b) coo(1+p,+)
48nf R (mo 1)(1+@++0.5—p R )

The difference between (2.12a) and (2.12b) is only about
3% if F and D values from Ref. 2 are used. With the
values from (2.12a) one can also calculate

0.525, Ref. 1,
D= 0675 Ref 2 (2.13)

and compare it with values found in Table IL The model
values are in good agreement with the SU(3) fit based on
F and D values from Ref. 2. The model value for
R =4.96 GeV ', for example,

gg ——0.669

Here n is the number of the nonstrange quarks in the nu-

cleon state N and X is determined from

X~=g (N
~
(ag a'&)(w; rj.) ~N) . (3.2b)

The frequency co has to be introduced in (2.3) in order
to find g„. In order to obey the normalization condition
of quark fields, quark wave functions are numerically nor-
malized and the upper component becomes relatively
larger with respect to the lower one. Some interesting
values are displayed in Table IV. The decrease of gq with
the increase of R is connected with the fact that the
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co [Eq. (3.2}]

TABLE IV. Choral-bag-model values.

4.582
5.645
6.0
6.5
7.0
7.5

1.2182
1.4483
1.5158
1.6043
1.6862
1.7625

1.4506
1.3640
1.3362
1.2982
1.2615
1.2262

0.4838
0.4637
0.4569
0.4476
0.4383
0.4290

1.934
1.828
1.793
1.746
1.699
1.656

0.998
0.928
0.906
0.877
0.849
0.823

0.516
0.508
0.505
0.502
0.500
0.497

gz~/gz~ ——0.51, R =5.6 GeV (3.3)

smaller than the SU(6) value 0.6. With R,h
——R their in-

fluence is felt more than with R,h gR and the ratio (3.3)
calculated in the chiral bag model is always smaller than
the corresponding ratio shown in Table II.

IV. COMPARISON %ITH EXPERIMENTAL VALUES
AND CONCLUSION

Among the considered quark models only the chiral bag
model with skin' ' (CBS) does not run into obvious diffi-
culties with empirical data. The chiral bag (CB}
model'3' ' offers the same mechanism of the SU(3)-
symmetry breaking as the CBS model but it leads to too
large absolute values of the axial-vector coupling con-
stants. In the chiral cloudy bag (CCB) model where

R,h
——0 there are no mesonic contributions to the coupling

constants gz so that the symmetry-breaking mechanism,
which was discussed here, does not operate. In that model
the ratio g„/gz would be exactly 0.6, unless one intro-
duces large differences among u-, d-, and s-quark masses.
The situation in the CCB model is equal to the situation
encountered in the MIT bag model, which is discussed in
Appendix B. Very large quark masses, very much dif-
ferent, strain our credibility too much. A qualitatively
similar conclusion follows from the HO model, as
described in Appendix A. Obviously the ratio g„/gz
offers an important clue for the nature of the SU(3)-
symmetry breaking and its description from the quark-
model oint of view. It is a pity that the coupling con-
stant gz ean be extracted from the experimental data only
via some theoretical extrapolation, or some SU(3)-
symmetry-based5 analysis. (The last approach was to
some extent examined in Sec. II.) The value gg/g„&0. 6
is also supported by the theoretical calculation in a non-
perturbative QCD approach which found the value (1.2)

mesonic contributions are, roughly speaking, proportional
to exp( —pR). The new boundary condition (3.2) in-
creases also the calculated values of gf. If one just used
the formula (2.11) with co =F00 one would have (R =5.645
GeV '}:

gz ——gz+gz ——1.088+0.301=1.389 .

The corresponding value in Table IV is gz ——1.828. The
smaller number corresponds to the approximation used by
Ref. 14 where quark wave functions were calculated
without mesonic corrections contained in formula (3.2).

The mesonic contributions make, for example, the ratio

p) =A.
g~(:-

(4.1a)

The fit 5 in Table VII gives

A =1.02,
while two fits with gi free give

(4.1b)

(4.1e}

Ref. 6). As this calculation was based on a sum rule in-

volving empirical quantities some symmetry-breaking ef-
fects must have entered in the theoretical estimate. The
same must hold, to a lesser extent, for the result (1.5). Al-
though it is based on the I' and D values obtained by
analyzing hyperon semileptonic decays, they are average
parameters for a number of decays, which have to exhibit
SU(3)-breaking effects.

Those SU(3)-symmetry-breaking effects are very nicely
illustrated in the review paper, Ref. 2, and they are repro-
duced here as Table VII (Appendix D). In connection
with experimental analyses one should also mention the
induced pseudotensor whose existence might influence all
fits to the experimental data. i' 'z In our framework its
appearance is connected with the existence of the quark-
mass difference (in general some fermion mass differ-
ence ) but its magnitude can depend on mesonic terms.
As the induced pseudotensor term is proportional to the
momentum transfer q its value will also depend on the
recoil and on the center-of-mass corrections. '0'zz'~~ All
this requires detailed study which is beyond the scope of
the present paper.

The g„values are not influenced by the recoil correc-
tions and do not crucially depend on the details of the
"relativistic" structure of the model. However, some rela-
tivistic structure is needed in order to produce reasonable
absolute g„values. In the case of the chiral bag models
the mesonic term is also important. In the CBS model
one finds pretty good agreement with the experimental
values, as one sees by comparing Tables III and VII. The
worst disagreement is for g„(A~p) and g„(X~A),
about 9%, and for gz (X~n) about 22%. Without
SU(3)-symmetry breaking the analysis (Table VII) finds
gz(:" ~A)/gz(X ~n) &1, while the SU(3)-symmetry
breaking leads to gz(: ~A)/g"~(X ~n) & 1. Our
SU(3)-symmetry-breaking mechanism supports the second
alternative (see Table III) while an alternative SU(3}-
breaking theoretical scheme ' (see Table VII) would sup-
port the first possibility. However, all SU(3)-breaking
schemes are in trouble with the ratio
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and TABLE V. Coup1ing constants g& and g& in the HO mode1.

A =0.957, (4.1d)
(MeV) {MeV) ga

respectively. Our analysis predicts

1.04&A & 1.02

and the fit with SU(3) breaking in Table VII gives

A =1.02.

(4.1e)

(4.1f)

226
280
240
234
234

177.5
165
130
82.5
72.5

137.5
225
210
342.5
352.5

0.702
0.692
0.660
0.504
0.468

1.250
1.250
1.248
1.255
1.239

The discrepancy (4.1) seems to be the utmost quantitative
difficulty with our CBS model-based calculations. How-
ever, this ratio is only about 8% wrong, while the calcu-
lated absolute values in question are too large by about
9% for gz(A~P) and by about 1—2% for gq(:- ~X ).
All other g„values are relatively speaking in agreement
with empirical values. For example, all g„'s are smaller
than gz(n~p), while the smallest gz's are g„(X ~A)
and g„(X ~n). Naturally, these relative magnitudes are
determined by the underlying spin-flavor SU(6) symmetry
of the baryon states, irrespectively of its being broken by
mesonic terms and by quark masses.

The absolute magnitude of the mesonic terms (2.6} de-
creases with the increase of the meson mass }u. This was
the mechanism which made the ratio (2.10) smaller than
0.6 as it should be. The usefulness of the same mecha-
nism can be also seen from Table III. The constants gz
corresponding to the bS+0 hyperon decays are smaller
relative to b,S=0 coupling constants when p&0. That
effect, which is due to x &p improves the agreement
with the empirical data. An important test for the model
is the determination of the isoscalar gz coupling constant.
Taking into account that fits to the experimental data de-
pend on the theoretical assumptions (induced pseudoten-
sor, q dependence, etc.) the chiral bag model with skin
seems to work reasonably well in the description of the
hyperon semileptonic decays.
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APPENDIX A: HARMONIC-OSCILLATOR QUARK
MODEL

In the harmonic-oscillator quark model of Refs. 9 and
10 one finds

ga ———, f d Pzd Pi.G (p~,pz)

Here G is the HO model Gaussian

1 2 2, exp —,(p, +p~ )
(m a) a

(A3)

E; =(—3pi +m; )'~, i =u, d . (A4)

APPENDIX 8: MIT BAG MODEL

The quark-model calculation of form factors is usually
based on two assumptions which can be only approxi-
mately valid.

(i) Baryon (nucleon, hadron) states contain valence
quarks only.

(ii) State vectors have SU(6)-spin-flavor symmetry.
Consequences of the relaxation of the first assumption

are explored in the main text. The assumption (ii) can be
modified by allowing for nonequal quark masses. This
has been already explored in the study of the SU(3)-
symmetry-breaking effects. ' When applied to the calcu-
lation of gal and gzs, as will be illustrated here, this means
the isospin symmetry breaking.

From the existing quark-model-based theoretical ex-
pressions [see also (B3) below] one can conclude that a
smaller up-quark mass, i.e., m„/md &1 leads to g„&ri.
Such a requirement seems to be satisfied by the current-
quark masses mz. One of the recent analyses i for exam-
ple, gives

In Table V we show the values of gz for various com-
binations of model parameters for which gq is close to its
experimental value. In order to obtain relatively small gq
one needs remarkably strong isospin-symmetry breaking,
i.e., m~/m„-4. 9 for g„-0.5. This is not very convinc-
ing. One should obviously search for some additional dif-
ferent effects. However, results for gz definitely speak
for the importance of the relativistic internal momentum-
dependent effects. 9'0

1 (E„+m„)(Eg+md)X—
6 4E„Ed

g~ =f d'p, d'piG'(p, pi. )( '3 C. 3C~»-—
2m) +Eg

3'

(Al)

(A2)

m„=12 MeV, md ——22 MeV . (B1}

These values are in reasonable agreement with QCD run-
ning masses (modified minimal subtraction scheme} given
in Ref. 27. It is not obvious how this should be connected
anth the quark-model masses m~, but in the MIT bag
model those masses are usually small and comparable
with (Bl) (Ref. 13). However, in order to obtain gz com-
parable with experimental value, one has to use rather
larger quark-model masses. '

In the MIT bag model with unequal quark masses one
finds
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r 1

3 (2'„—2'„+m„R)'r (2coe 2—a)e+meR)'

—,[(k„R)(kdR)——,(co„m—„R){a)e r—neR)]

(keR)co„(k—„R)cod + (keR)(m„R) —(k„R)(mgR)
k„R —kgR (k„R)(kdR)

+ —,
' [(k„R)(keR)+ ,

' (a—i„m„—R)(coe rneR—)]

(keR)er„+(k„R)roe+(keR)(mgR)+(k„R)(meR) 1
X

k„R +keR (k„R)(keR)

1 (co„rn„R—)(a)e meR—)

3 (k„R)(keR)
k;R =[ar;z —(m R)2]'r i =u,d,

and ( i g'g—+e ' ' up)5(r —R)=0, (C2)

1 2ar;+4{m;R)ra; —3(miR)0=-
1 2' —267~+ Nt 82

(83)

r &R,h, (C3)

Here R is the confinement radius and co; is the ground-
state frequency for a quark of mass m.

The values of gqs, for various combinations of quark
masses for which gz is close to its experimental value, are
shown in Table VI. Unusually large quark masses are
needed. In order to obtain gz ——0.6 one needs
me/rn„=18. All this makes the exposed model quite un-
convincing and suggests a search for a different
symmetry-breaking mechanism.

APPENDIX C: MODELS %'ITH STATIC
MESON PHASE

In the model in which the confinement region and the
region in which chiral symmetry is spontaneously broken
intersect there is a region in which quark phase and
mesonic phase coexist. A suitable generic name for that
region is "skin." Such a model is defined by the following
equations of motion and boundary conditions

I 8(R r)[i 8 m8(r —R—,h)]—
—e ' ' l(r —R,„)}/=0, (Cl}

TABLE VI. Coupling constants g& and gz in the MIT bag
model.

n„D&P'=0, r =R,h,

n Dr P'= fe ' '
A.'P r=R

2fsr

sinh(VP, )

(C4)

(C5)

Here f is a quark field, which is in our case (u, d, s)
triplet in the flavor space. The symbol k, stands for
SU{3)-flavor matrices. The octet of meson fields is denot-
ed by P„a =1, . . . , 8. The whole formalism can be trivi-
ally generalized to include the SU(3)-singlet meson field

The meson fields appearing in (Cl)—(C6) are not
quantized in this model. The equations are solved in the
leading order in meson fields.

In Sec. II the P's were neglected in (Cl) and (C2) and
retained only in (C3), (C4), and (C5). This crude approxi-
mation is, roughly speaking, equivalent to neglecting both
the wave-function renormahzation and the vertex correc-
tion in the cloudy-bag-model2s picture. Such an approxi-
mation was, in our case, in keeping with our main in-
terest, which was to study the SU(3)-symmetry breaking.
That breaking is, in the present model, mostly due to its
mesonic phase. The model parameters: confinement ra-
dius R and the chiral-symmetry-breaking radius R,h can
always be changed in such a way as to effectively compen-
sate for the quark wave-function corrections. The static
mesonic phase is of the form

7.331X10-'
7.331'10-'
7.331~10-'
7.331X 10-'
7.331'10-'

80
70
72.5
30
20

210
230
352.5
360
360

0.685
0.5724
0.6576
0.6157
0.6057

1.2465
1.2485
1.2842
1.2540
1.2457

P, (r}= g [2Ru (R)U (R)] 6,(r,R)1

ff' f
XbyX~f( 2 A,,a.r)Xf bf .



33 BARYON AXIAL-VECTOR COUPLINGS AND SU(3)-SYMMETRY . . - 3381

TABLE VII. Values of g, /f, in various fits.

A~pev
:--~X'ev

~Aev
X ~nev
n ~pev

Fit 5

0.62
0.893
0.872
0.27

—0,28
1.233

Fit with

gi free

0.595
0.857
0.891
0.34

—0.31

Fit with gi
free and

sin8, constrained

0.594
0.893
0.933
0.38

—0.35

Fit with
SU(3} breaking

0.62
0.98
0.962
0.29

—0.33
1.227

Here b t (b) are creation (annihilation) operators of quarks
while Xf are spin-flavor states.

In the case 8 =R,h corresponding to the chiral bag
model of, for example, Refs. 13, 14, and 19 the leading
mesonic terms in Eq. (C2) were also included. The boun-

dary condition (C2) with

(C8)

leads to Eq. (3.2) in the main text in which the quantity p
determines mesonic corrections to the quark wave func-
tion. The functions u (r) and U(r) in (2.3) are now calcu-
lated and normalized using co from (3.2).

The expressions for p and X are related to the diagrams
shown in Fig. 1 of Ref. 28.

APPENDIX D: EXPERIMENTAL VALUES FOR gg

For the sake of completeness let us first reproduce
Table 12 from Ref. 2. The values of our Table VII have
been obtained from the Ref. 2 values by multiplying them

by appropriate factors like 1/W2 and v'2/3. Reference 2
has tabulated values g~( 0) /f, (0) while we give here
values gt (0) to simplify the comparison with our Table I.

As discussed in Ref. 2 and in Ref. 25 in particular, the
extracted values of gA (we use gA

=—g~ /f & ) can depend on
the value of the induced pseudotensor. It seems that the
value for g„(X~n) quoted in Table VII can easily be in
agreement with the solutions labeled (7) and (9) in Ref. 25.
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