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SU(3)-flavor breaking in octet baryon masses and axial couplings
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The lightest baryon octet is studied within a covariant and confining Nambu—Jona-Lasinio model. By solving
the Poincaré covariant Faddeev equations—including scalar and axialvector diquarks—we determine the baryon
octet masses and axial charges for strangeness conserving transitions. For the axial charges the degree of violation
of SU(3) flavor symmetry, arising because of the strange spectator quark(s), is found to be no more than 10%.
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I. INTRODUCTION

In the quest to fully understand quantum chromodynamics
(QCD) itis not sufficient to study baryons whose valence quark
content consists only of the light u and d quarks. A solid
understanding of all members of the baryon octet—that is,
the nucleon, A, ¥, and E multiplets—remains a critical step.
Early work on their structure centered on the constituent quark
model [1,2] and the MIT bag model [3], later supplemented by
chiral corrections associated with the cloud of virtual pions and
kaons that are important components of a baryon wave function
[4-12]. Once their basic properties, such as masses, charge
radii, magnetic moments, and axial charges had been calcu-
lated, attention naturally turned to more complex properties,
such as their parton distribution functions [13,14].

The empirical evidence concerning the structure of the
hyperons is naturally far more limited than for nucleons. While
there exists fairly good data for octet baryon masses, magnetic
moments, and axial charges [15], little or nothing is known
about, e.g., their electromagnetic or axial form factors as
a function of momentum transfer. Finding ways to explore
these properties experimentally would be very valuable. On
the other hand, over the last couple of decades lattice QCD
has made steady progress in the calculation of octet baryon
masses [ 16—19], including determinations of their isospin mass
splittings [20] and certain electroweak matrix elements [21].
These studies have been complemented by a judicious use of
chiral effective field theory to extrapolate to the physical quark
masses. Thus, we now have quite accurate determinations of
the hyperon electric [22] and magnetic [23] form factors up to
1.4 GeV?, as well as low moments of their parton distribution
functions [24]. It has even been possible recently to shed some
light on the proton spin puzzle [25,26] by calculating the spin
fractions carried by quarks across the octet [27].

On general grounds one would prefer to have models of
octet baryon properties that are covariant and respect the
symmetries of QCD. The former is especially important if
one wants to investigate parton distribution functions and
form factors, at even moderate momentum transfer. The
hope in building more sophisticated models is that through
comparison with empirical data and lattice QCD studies, one
may develop a deeper understanding of how QCD works in the
nonperturbative regime. For example, exploring issues such as
the importance and role of diquark correlations and chiral
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corrections [28], as well as the transition from nonperturbative
to perturbative QCD [29].

In this work we investigate the masses and strangeness
conserving (AS = 0) axial charges of the octet baryons within
the framework of the covariant model of Nambu and Jona-
Lasinio (NJL) [30-34], where confinement is simulated by
employing proper-time regularization [35-37]. Octet baryons
are described by a Poincaré covariant Faddeev equation, where
scalar and axialvector diquark correlations play a critical role.
Flavor breaking effects, introduced by a dressed strange quark
that turns out to be approximately 50% heavier that the dressed
light quarks, will also be studied.

The structure of the paper is as follows: Sec. II provides a
brief introduction to the NJL model, including a discussion
of the Bethe-Salpeter equation for mesons and diquarks.
Section III introduces the Faddeev equation for octet baryons,
discussing the solution for the Poincaré covariant Faddeev
amplitude and octet masses. Finally, in Sec. V, the formalism is
used to determine the axial charges associated with strangeness
conserving beta decays. Section VI summarizes our findings
and presents some concluding remarks.

II. NAMBU-JONA-LASINIO MODEL

The NJL model was formulated as a theory of elementary
fermions which encapsulated dynamical chiral symmetry
breaking in a transparent manner [30,31]. With the advent
of QCD, the NJL model was reformulated with quarks as the
fundamental degrees of freedom, such that the symmetries
of QCD are respected.! In particular the NJL model exhibits
dynamical chiral symmetry breaking, which, as implemented
in this work, gives rise to approximately 95% of the nucleon
mass.

The complete three-flavor NJL Lagrangian in the ggq
interaction channel—including only 4-fermion interactions—
has the form [34],

L=PG§—my+ 3G [300¥) + W Ay)
— W s ¥ — (P ysAy)’]

"The SU(3) color gauge symmetry of QCD is a global symmetry of
the NJL model.

©2014 American Physical Society


http://dx.doi.org/10.1103/PhysRevC.90.064316

CARRILLO-SERRANO, CLOET, AND THOMAS

—1 —1

+ = +

Q.

FIG. 1. (Color online) The NJL gap equation in the Hartree-Fock
approximation, where the thin line represents the elementary quark
propagator, So’ql(k) =k —m, + ie, and the shaded circle represents
the 4-fermion interaction.

— LGy A + (P v ys Ay
— 1 GoW " ) — L Gs(F y"ys ), (1

where A represents the eight Gell-Mann matrices and m =
diag [m,, mg4, mg]. The NJL model does not include gluons
as explicit degrees of freedom, as such the pointlike quark-
quark interaction renders the NJL model nonrenormalizable.
We regularize the NJL model using the proper-time scheme,
which maintains Lorentz and gauge invariance; it also removes
unphysical thresholds for the decay of color singlet bound
states into their colored constituents, thereby simulating quark
confinement [35-37].

The dressed quark propagator in the NJL model is obtained
from the gap equation illustrated in Fig. 1. The solution for a
quark of flavor ¢ = u, d, s has the form,

S; (k) =k — M, + ie, )
where, in the proper-time regularization scheme, the dressed
quark masses each satisfy

1/A%, e TM;

3
M, =m, +—M,G drt
q ¢ 2% H/I/A%N 72

3

In this three-flavor NJL model, defined by Eq. (1), the
gap equation does not introduce flavor mixing in the quark
propagator; this is in contrast to the two-flavor case which in
general has flavor mixing [34].

The quark-quark interaction needed for the two-body inter-
action kernel in the Faddeev equation (to be described shortly)
can be obtained from Eq. (1) using Fierz transformations.
Keeping only scalar and axialvector diquark correlations, the
NIJL interaction Lagrangian in the gg channel reads

LI = G ys Cha Ba MY C s kg Ba V]
+ Gal v C A Ba ¥ MY CTly " A Ba ¥, (4)

where C = iy»)p is the charge conjugation matrix and the
couplings G, and G, give the strength of the scalar and
axialvector gq interactions.> The flavor matrices are labeled
by )‘-a = )\.2, )\.5, )\.7 and )‘-s = }\.0, )\.1, X3, )\.4, )‘-6’ )‘-8, where )\.0 =
\/g 1. Thus, there are three types of scalar and six types
of axialvector diquarks. The color 3 matrices are given by

Ba = @AA(A = 2,5,7) [38-40] and hence the interaction

’In principle the coupling in the Gg Lagrangian of Eq. (1) are
formally related to the coupling appearing in the gg Lagrangian of
Eq. (4), as detailed in Appendix A of Ref. [38]. However, to increase
the flexibility of our model, these form relations are not retained and
each coupling is separately fit to data, as explained in Sec. IV.
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FIG. 2. (Color online) Inhomogeneous Bethe-Salpeter equation
for quark-quark (diquark) correlations.

terms in Eq. (4) are totally antisymmetric, as demanded by the
Pauli principle.

Quark-antiquark and quark-quark bound states are obtained
by solving the appropriate Bethe-Salpeter equation, which is
illustrated in Fig. 2 for diquarks. The reduced ¢ matrices for
scalar and axialvector diquarks, with quark flavor content ¢,
and ¢, take the form,?

@ —4 G, )
T == 3
7192114 142G, H[qlqz](qz)
; _4i G,
T{I;Mh}(q) =

1+2G, H{qlqz}(qz)

q"q
2

X |:glw +2G, H{qlqzl(qz) q

:| . (6)

. d*k
Mig,q.1(q%) = 6i / any Trlys S, (k) vs Sp,(k+ @)1, (7)
v 9"q"
H(éllélz}(qz) <gl~L - PP )

= 6 d4kT HSq (k) yY S, (k 8
= l/(zn)‘* [y Su @y S+ )], ®

The bubble diagrams are given by

where the flavor and color traces have been taken, and the
remaining trace is over Dirac indices only. The masses of the
various diquarks are given by the poles in the corresponding ¢
matrix, e.g., the scalar diquarks masses are given by the pole
condition,

142G, Migg(q° = M, 1) =0. ©)

For the octet baryon calculations we approximate the full
diquark ¢ matrix by a contact + pole form [37], that is,

. iZ[qlqz]
T[qlqz](q) - 4l GS - ) 2 ] (10)
q° - M[‘Il‘{z] tie
i Z q"q"
T (q) — 4i G, — {9192} <g;w _ )

{192} a 2 2 : 2 ’

o q° - M{thqz} tie M{qu}
(11)

3Throughout this paper [g;¢,] will indicate a quantity associated
with a scalar diquark and {g,¢,} will indicate a quantity associated
with an axialvector diquark.
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FIG. 3. Homogeneous Poincaré covariant Faddeev equation
whose solution gives the mass and vertex function for each member
of the baryon octet.

where the pole residues are given by

1 0
ZFI 1= 75 3.2 qulqzl(qz) s (12)
q192 2 3q2 ¢= [zqm]
1 0
—1 _ 19 5
Z(‘ilqz} ) 86]2 H{qu}(q ) qzzM(quqz)' (13)

III. FADDEEV EQUATIONS FOR OCTET BARYONS

Octet baryons are constructed as solutions to a Poincaré
covariant Faddeev equation, which is illustrated in Fig. 3,
where the quark-diquark approximation used here was made
explicit [41]. A tractable solution to the Faddeev equation
is obtained by employing the static approximation [42] to the
quark exchange kernel, where the exchanged quark propagator
becomes S, (k) — —Miq. This approximation was shown to
yield excellent results for nucleon form factors [28] and quark
distributions [43-46]. The Faddeev equation for each octet
baryon then takes the form,

Lp(p,s) = Zg p(p) r(p,s), (14)

where B labels an octet baryon, Zp the corresponding quark
exchange kernel, and I1g(p) is a diagonal matrix containing
the various combinations of quark and diquark propagator.
Equation (14) must be supplemented by a normalization
condition, such that the normalized Faddeev vertex reads

I's(p.s) = v —Zs Los(p,s), as)

where ['gp(p,s) is the unnormalized vertex and the normaliza-
tion condition that determines Zp will be discussed shortly.

For equal light quark masses the nucleon, X, and & Faddeev
vertex functions contain one scalar and two types of axialvector
diquarks,4 with a Dirac structure of the form,

rfh[qu](pvs)

To(p.8) = | Thian (P55 | (16)
“w
th((llql}(p’s)

4For the nucleon, in the M, = M, limit, the singly and doubly
represented axialvector diquarks are mass degenerate and could
therefore be treated as a single type of diquark. However, for the
nucleon we will keep the description more general so that the analogy
with the other members of the octet is straightforward.
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(23]
= V=2, | @ b vs +aavhys (up(p.s), (17)
P I
o4 3 Vs +asy"ys

where b = [nucleon, X, E] and Z}, is the vertex normalization.
The Faddeev vertex function for the A baryon, with equal u
and d quark masses, contains two types of scalar diquarks and
an axialvector diquark and therefore reads

o]

Ca(p,s) =+ —24 a;

P
o3 3 Vs Hosyys

ua(p.s). (18)

The quark exchange kernel for the nucleon, X, and E reads

s BYeVs  —L2Vevs
Z,=3 /Vlll V5Yu MLIVGV;L %VUVM s (19
—ﬁ—fm@ %yayﬂ 0

where, in each case, M is the mass of the singly represented
dressed quark and M, the mass of the doubly represented
dressed quark.® The factor of 3 is obtained from projecting the
kernel onto color singlet states. For the A the quark exchange
kernel is given by

0 V2 _V2
M, M,
Zy=| % — —EYers | QO
—Rysvu —EvsVe Ve

where M, is the mass of the dressed light quark. The quark-
diquark bubble diagram matrix for the nucleon, X, and &
reads

Hliz[(h(/z](p) 0 0
,(p) = 0 ngviqlqz}(p) 0 ’
0 0 ngv{qzqz}(p)

21

where for each baryon ¢ is the singly represented dressed
quark and ¢, the doubly represented dressed quark. For the A
the analogous quantity reads

o0y (p) 0 0

HA(p) = 0 Mepes(p) 0 ()

0 0 715(p)

The quark-diquark bubble diagrams are given by
d*k

Ngi1g,00(P) = e Sq; (k) Tig,q0(p — k), (23)

1234 d4k j7aY k
nq,{qqu}(l?) = —(27[)4 Sq, (k) t{quIk}(p — k). 24)

SFor the X%, the term “doubly represented” means the two light
quarks of different flavors.
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TABLE I. Model parameters are constrained to reproduce the
physical pion and p meson masses, the pion decay constant, the
nucleon and E masses, and the nucleon axial coupling. The infrared
regulator and the dressed u and d quark masses—Ilabeled by M,—are
assigned their values a priori. The regularization parameters and
dressed quark mass are in units of GeV, while the couplings are in
units of GeV ~2.

AIR AUV MZ M.v G?‘[ Gp G: Ga

0.240 0.645 0.40 0.59 19.0 10.8 7.6 2.6

Finally, the vertex normalization is given by
1= 0Ig(p)
25" = Top —5— Loz . (25)
ap p*=Mj

Note, the value of p2 which satisfies the Faddeev equation for
each octet baryon defines its mass M3, and at that point the
coefficients «; then define the octet baryon vertex function.

IV. RESULTS FOR OCTET BARYONS MASSES

The NJL model employed in this work has the following
parameters: two regularization parameters A and Ayvy;
the dressed quark masses M,, M, and M,:® two coupling
constants, G, and G, from the §g NJL Lagrangian, given in
Eq. (1); and the two coupling constants G and G, from the gg
NIJL Lagrangian. The infrared cutoff implements confinement
and therefore should be of the order of Agcp and we choose
AR = 0.240GeV; for the light-quark dressed masses we
take M, = M; = 0.4 GeV; the ultraviolet cutoff Ayy and
the couplings G, and G, are constrained by the empirical
values for the pion decay constant, the pion mass and the p
mass; the gg couplings are chosen to reproduce the physical
nucleon mass and the nucleon axial coupling constant. Finally,
the dressed s-quark mass is fixed to reproduce the empirical
mass of the cascade baryon (E). The resulting parameters are
summarized in Table 1.

Results for the kaon mass together with the various diquark
masses are given in Table II. The splitting between the various
scalar diquarks and between the axialvector diquarks is the
result of explicit SU(3)r breaking effects from the strange
quark. The empirical light to strange current quark mass ratio
in the M_Sregularization scheme is my/m, = 27.5 £ 1.0 [15],
while we find m;/m, = 21.7. For the analogous dressed quark

6 Alternatively, one may use the current quark masses m,, mgq, m;
from the NJL Lagrangian, as the gap equation provides a one-to-one
correspondence with the dressed masses.

TABLE II. Results for the kaon mass, together with the various
diquark masses, where the subscript £ = u, d. Recall that the square
brackets label scalar diquarks and the curly brackets axialvector
diquarks. All masses are in units of GeV.

Mg My Mgy Mgy M) Mgy

0.47 0.68 0.85 1.04 1.17 1.30
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TABLE III. Results for the pole residues in the various meson
and diquark ¢ matrices [c.f. Egs. (10) and (11)].

Z, Zg YA Zigg) Ziyy Zisy Ziss)

17.8 29.6 14.8 16.4 3.56 3.93 4.29

mass ratio we obtain M,/M, >~ 1.5, which illustrates that
effects from DCSB are very much suppressed for the heavier
strange quark. For completeness we give in Table III the pole
residues for the meson and diquark ¢ matrices.

The octet baryon masses obtained by solving the appropri-
ate Faddeev equation, as discussed in Sec. III, are given in
Table IV. In the SU(3)-flavor limit all octet baryon masses are
degenerate and hence the mass splitting between octet baryons
results solely from the heavier s-quark mass. The mass splitting
between the A and X baryons is a consequence of the different
diquark correlations which dominate their wave functions.
The A baryon contains two types of scalar diquarks and one
type of axialvector diquark—I[¢£], [£s], and {£s}—while the
% baryon contains one type of scalar diquark and two types
of axialvector diquarks—[¢s], {¢s}, and {€£}. Scalar diquarks
are more bound than axialvector diquarks—because of their
strong connection with the pion and DCSB—and consequently
we find that the A is approximately 110 MeV lighter than the
% baryon. This is in reasonable agreement with the empirical
mass splitting of approximately 80 MeV. A more precise fit
would also need to include chiral corrections. The parameters
defining the Faddeev vertex function for each member of the
baryon octet are summarized in Table V.

V. AXIAL CHARGES

The axial charges of the baryons are important because
they connect the strong and weak interactions. They are also
related to the quark spin content of the baryons [47]. In fact,
assuming SU(3)-flavor symmetry, all octet baryon decays can
be parametrized by just three quantities: the Cabbibo angle,
0c, and the F and D couplings [48,49].

The axial current of an octet baryon has the form,

S50 p) = (P MWy v vs a Yg | Po ),

I
= u<p’,x’)[y“ys GA(0Y) + % Gp(0Y)
o
+% GT(QZ)]M u(p.2), (26)

TABLE IV. Results for octet baryon masses and the average
experimental mass for the corresponding multiplet. All experimental
masses have an error of at most 0.015% but usually it is much less
[15]. Because we have M, = M, the masses of each member of the
various isospin multiplets are degenerate. Recall that the nucleon and
E masses were used to determine two of our NJL model parameters.
All masses are in GeV.

My M, My M
NJL 0.940 1.120 1.234 1.318
Experiment 0.940 1.116 1.193 1.318
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TABLE V. Numerical coefficients that define the Faddeev vertex
functions for each member of the baryon octet. The nucleon, X, and
E vertex functions have the form given in Eq. (17) and the A vertex
function is given in Eq. (18).

oy [0%) o3 021 a5
Nucleon 0.418 0.013 —0.259 —0.018 0.366
A 0.364 0.278 —0.016 0.440 -
) 0.351 0.032 —0.215 —0.021 0.406
) 0.388 0.017 —0.273 —0.015 0.364

where ¢ = p’ — p is the 4-momentum transfer, Q> = —¢g2,
and A, A represent the initial and final baryon helicity,
respectively. The scalar functions G4(Q?), Gp(Q?), and
G7(0?) label the axial, induced pseudoscalar, and induced
pseudotensor form factors, respectively. In this work we
restrict ourselves to the g — 0 limit, where the current

becomes
JEHp.p) = GA(O) a(p.A) Y ys hau(p,h).  (27)

The flavor-triplet axial charge of an octet baryon g¥ is given
by the matrix element,

g8 s = (BIY y"ys A ¥|B) = (Aup — Adp)s™, (28)

where s* = ii(p,)) y*ys u(p,)) is the spin vector of the octet
baryon. The quark-spin fractions of the baryon are defined by

Aqps" = (BI y"ys Py y|B), (29)

where the u#- and d-quark projection operators are given by
13—1 21i,\+1)\ (30)
q — 2 3 3 \/g 8 ’

and the plus sign corresponds to the u quark.

The various spin fractions for the octet baryons under
consideration are given by the sum of the six Feynman
diagrams represented in Fig. 4 and have the structure,

9 0
Aup = foiuar t Fiuay T2 ful[)ud] +2 ful{)ud} +4 fdl{)uu}

+2 f;tl{)ud}eu[ud]’ (3D
Ad[’ = fd%tu} + 2 fu?udj + 2 fu?ud} -2 qu{ud}eu[udJ’ (32)
Auz- =0, (33)

q
+
P P P P

FIG. 4. (Color online) Feynman diagrams representing the axial
current for the octet baryons. The diagram on the left is called the
quark diagram and the one on the right the diquark diagram. In
the diquark diagram the photon interacts with each quark inside the
nonpointlike diquark.
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(Y] (Y]
Ads- = faas) T Faas) T2 fd?ds] + 2fd1?ds} +4 fv[{)dd}

+2 de{ds}ed[dsl’ (34)
Aug- =0, (35)

Ad37 = fd?ss} +2 fs[[)ds] +2 fs[{)ds} -2 fs{Dds}es[ds]' (36)

The nomenclature for these Feynman diagrams is as follows:
A superscript Q implies that the operator acts directly on a
quark (quark diagram) and a superscript D implies that the
operator acts on (a quark inside) a diquark (diquark diagram);
the notation g;[¢2g3] indicates a diagram with quark content
q19>q3 contains only a scalar diquark of quark content ¢»g3.
Similarly the notation ¢q;{g»q3} indicates a diagram contains
only an axialvector diquark of quark content ¢g,¢3; and finally
the notation q;{g>q3} < qi1lg2¢3] indicates the sum of the
two diagrams where the operator induces a transition between
scalar and axialvector diquarks of flavor ¢,g3. The numerical
coefficients arise from the flavor structure of the operator and
the Faddeev amplitude. Analogous expressions for the neutron,
¥+, and E° can easily be obtained using charge symmetry.

In general the quark diagram with a scalar diquark spectator
reads

fq?lqzqsl uy'ysu
_ d*k
= I'41(424:1(P) n)
X Sg, (k) ¥"vs Sq (k) Tigags1(P + k) Tgy1gg:1(P), - (37)

and the analogous diagram with an axialvector diquark
spectator is given by

0 _
ff{l{qzqsl u )/M)/s u
_ d*k
= L'g(g203),2(P) (27)4
X Sg, (k) y"ys Sq, (k) Tf;f%}(P + ) Ly1g2050.8(P)- (38)

Similarly, the general form of the diquark diagram with a scalar
diquark reads

D Tl
fﬂh[qzqz] uy-ysu

— d*k
= Fql[qzqs](P) W lSlIl(p +k)

X Tigag51(k) Aﬁmg] Tig2951(K) Tq11924:1(P), (39)

and the analogous diagram with an axialvector diquark is given
by

D —
fm{qzqz} uyysu
— d*k
= Fql{quS}va(p)/ (27_[)4 lSql(p +k)

B
x Tgl(zrqs}(k) Agn,lqzqz} T{rllizqz}(k) Poitgras10(P), - (40)

n Iz . .
wh.ere Algrgy and Aalﬂ,{q.2 45) TEpresent, respe.ctlvely, the inter-
action of a scalar and axialvector diquark, with an axialvector
current, in the ¢ — 0 and on-shell limits. Because the scalar

diquark has spin zero, we have A’[‘q2 o = 0, while for the
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—k qT

i

FIG. 5. (Color online) Feynman diagrams that represent the di-
quark axial current. The shaded circles are the diquark Bethe-Salpeter
vertices and the shaded oval is the y*ys vertex.

axialvector diquark we have

a . d*k
At =i [ S5

2m)*
x Trply? S(p + k) y"ys S(p + k) y* S(k)1,
(41)
= glp®) jgrebhp, | 42)

where « is the inital and § the final diquark polarization. The
Feynman diagram for this contribution is illustrated in Fig. 5.
For the various ax1alvector diquarks we find g, (9 = _o.216,

g'® = —0.194, ¢! = —0.213, and gt = 201947 Note

that in evaluating Eq. (41) we have used the on-shell condition,

e« (p) p* = 0, for both the inital and final axialvector diquark.
The final Feynman diagram represents the mixing between

the scalar and axialvector diquarks induced by the axial

current; this diagram reads

(43)

D _ D D
f‘ll[‘iZ’iEk"’il{‘lZ‘lS} = f(11[42431_>41{‘12(l3} + f’il{‘IZ‘IS}_)‘ll[[I?.’B]’

where each contribution is given by®
D
fl]l[qzth]ﬁql {92q3) 7/ Ysu

_ ) d*k
= F(ll{lizl/3}~a(p) l (271)4 ’S’“ (P + k) T f/zfls (k)

x Ag,[qzqﬂ—){qzq}} T(g2031(K) T, 1424:1(P), (44)

D T
f‘]l{q2q3}‘>q1lq2‘]3] uy-ysu

— ) d*k
Lg11g:431(P) i / Ws Sq1 (P + k) Tigagy (k)

X Ag.{qz%}%[qz%] T{(Z]‘zx%}(k) Fq'{q2q3}~°‘(p)' (45)

"In our notation the underlined character denotes the quark that
interacts with the photon. For example in {€s} the light quark interacts
with the photon in the axialvector diquark.

$Note when calculating these diagrams we in practice consider a
small momentum transfer so that we can correctly identify p’> and
p? with the initial and final diquark mass squared.
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TABLE VI. Results for the spin fractions in the proton, ¥~, and
E~. Analogous results for the neutron, ¥*, and E° can easily be
obtained using charge symmetry.

AM], Adp Al/lgf Adzf Aug— Adgf
1.145 0.331 0 —1.048 0 0.313
The diquark transition vertices are given by
e d*k
[q2q31~ {q243) = Qn)*
xTrplys S(p + k) y"ys S(p + k) y* S(K)],
(46)
A e d*k
(243}~ q293] = Qm)*
xTrply® S(p + k) y"ys S(p + k) ys S(O)].
47)
These vertices have the general form,
no _ _ no
251> (g205) = G203 8"+ baags PP = —Nig, 0110051
(48)
For the various diquark transitions we find a; = —0.054,

ag = —0.052, ag; = —0.048, byy = 0.092, bg; = 0.096, and
by = 0.115.

Evaluating these diagrams gives the spin fractions which
we summarize in Table VI. In addition to these body form
factor contributions, the axial charge of the quark receives a
finite renormalization. This renormalization is given by the
inhomogeneous BSE illustrated in Fig. 6. The renormalized
axial charge of the light quark is given by

1

R p— “49)
142G, 7))

g4
where I'I(A A(q2) is the transverse piece of the bubble diagram,
3y 2 . d4k " v
Ty4(g") = 6i WTrD[J/ s Sk +q) y"ys SR,
q"q
= (g““ p ) N + 4 )

(50)

The coupling G,, is adjusted (G, = 1.0) to give M, =
1.26 GeV. The unrenormalized quark axial charge is unity,

FIG. 6. (Color online) Inhomogeneous Bethe-Salpeter equation
whose solution gives the quark-axialvector vertex, represented as the
large shaded oval. The small dot is the inhomogeneous driving term
(y*ys), while the shaded circle is the Gq interaction kernel. Only the
G, interaction channel of Eq. (1) contributes.
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SU(3)-FLAVOR BREAKING IN OCTET BARYON MASSES ...

TABLE VII. Axial charges for the beta decays with AS =0,
corresponding to the three cases: Bare, treats the quark as a pointlike
particle, without structure and without a meson cloud; BSE, includes
the renormalization of the quark axial charge through the solution
of the BSE and, finally, including the BSE renormalization as well
as meson cloud corrections computed within the CBM. As the
experimental result is only known for the nucleon case, for the X
and E we show the results from the CBM computation in Ref. [55],
modified very slightly to reproduce the current experimental value
of g4.

Bare BSE BSE + CBM  Expt. or Ref. [55]
(ga/fD)" 1.48 1.38 1.27 1.2701 + 0.0025
(ga/f)® 0.52 0.49 0.44 0.44
(ga/fDE =031 —0.29 —0.28 -0.32

however, for the renormalized axial charge we find gZ =
0.935. The value of the axial charge for octet baryon
strangeness conserving transitions, for the bare case (“Bare”)
and for the case with a renormalized axial quark vertex
(“BSE”) are given in Table VII.

The axial charges for the octet baryons also receive
corrections from the meson cloud. To preserve the correct
nonanalytic behavior, required by chiral symmetry, it is easiest
to compute these at the hadronic level [50,51]. This requires
the meson-baryon coupling constants and form factors. The
former are given by the appropriate Goldberger-Treiman
relation, which is respected because the NJL model respects
chiral symmetry. The latter are related to the hadron sizes.
Because both the axial charges and hadron sizes in the present
model are very close to those calculated in the cloudy bag
model (CBM) [4,52], we can take the meson corrections
directly from the work of Kubodera et al. [53]. In practice this
means that our results should be multiplied by 0.92 for g’} , 0.90
for g%, and 0.95 for g§. Our final results, including corrections
from the quark vertex renormalization and the meson cloud
are shown in Table VII. The only experimental value we have
available is g’i. The values of the vector form factors f1(0)
are 1, «/E, and 1 for the nucleon, X, and E, respectively. This
comes from charge conservation when the electromagnetic
form factors are computed in the octet.

We are now in a position to determine the size of
SU(3)-flavor breaking effects for the axial charges of the octet
baryons, using the SU(3)-flavor parametrization of Ref. [48],
namely,

n—>p+v.+e = (ga/fi)' =F+D, (51)
2> 20+ +e” = (ga/f1)” =F, (52)
E-— E% v +e = (ga/f)E=F—D. (53)

Within our model the values of F and D may be computed
by choosing any pair of the previous relations. We call Fx g

and Dyg) the parameters calculated from (g4/f1)*® and
(ga/f1)". From Table VII we obtain

Fx = (ga/f1)* = 0.441,

Ds = (ga/f1)" — (ga/f1)* = 0.829,

(54)
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and

Fz = 3((ga/f))" + (g4/fD)F) = 0.496,

_ (55)
Dz = Y((ga/f1)" — (ga/f)®) = 0.774.

m

The discrepancies suggest SU(3)-flavor symmetry
breaking effects of around 10%, with Fyx/Fz = 0.89
and Dy/Dz = 1.07. Because the strangeness conserving
B decays for the ¥~ and E~ have not yet been measured,
this result should be viewed as a prediction to be tested
experimentally. We note that even larger SU(3) violation was
reported in the context of the proton spin problem [54].

In addition, a comparison of our results with the cloudy
bag model computations performed in Ref. [55] shows that g%
is the same in both models, whereas g is slightly smaller
in magnitude in our work. The calculation of Ref. [55]
includes one-gluon exchange and center-of-mass corrections,
plus recoil effects and a rescaling factor to reproduce the
experimental g%.

The other source of “data” with which our model might
be compared are lattice QCD calculations. There has recently
been good progress in the calculation of the electromagnetic
form factors for the octet baryons [22,23], using chiral
extrapolations of the lattice results. Clearly an extension of
that work to weak form factors would provide a valuable test
of our model predictions.

VI. CONCLUSIONS

We have computed the masses and the AS =0 axial
charges of the baryon octet using a confining NJL model.
The model results for the masses are in good agreement
with the experimental values. While there are currently no
measurements of the AS = 0 axial charges, other than for the
neutron, we did find very close agreement between our results
and those found within the cloudy bag model. Because there
is currently considerable discussion concerning the degree of
violation of SU(3)-flavor symmetry, the deviation of order 10%
which we found is significant.

It will be important to extend the present investigation to
calculate the chiral corrections explicitly within this model.
Given the new lattice results for octet baryon electromagnetic
form factors, we look forward to simulations of a similar
quality for the axial form factors. Meantime, it would be very
interesting to extend the present model to calculate the hyperon
electromagnetic form factors.
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