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— —

Aiming on testing the E. — E, mixing, we study the decays of E.. — E.x with E.. = (E/, EL.),
B, = (EEIH, Eg)o) and 7 = (77, 2°). The soft-meson limit is considered along with the pole model, and the
baryon matrix elements are evaluated by the bag model with and without removing the center-of-mass
motion (CMM). We find that the four-quark operator matrix elements are about two times larger once the
unwanted CMM is removed. We obtain that R = B(E{, — Ez")/B(EL. — Efzt) = 0.877)] and 1.45
with and without removing the CMM, where the former is close to the lower bound and the later is well
consistent with R = 1.41 £ 0.17 £ 0.10 measured at LHCb. In addition, we show that after including the

mixing the up-down asymmetry of a(E}, - E;

(N0_+

) flips sign. Explicitly, we obtain that a(E], —

EF2%) = 0.52 and a(E{, - EXz") = 0.31 with and without the CMM corrections, respectively, which are

—

all negative if the mixing is absence. As a bonus, a positive value of a(Ef, — Z977) in experiments can
also serve as the evidence of the W-exchange contributions.

DOI: 10.1103/PhysRevD.107.013006

I. INTRODUCTION

The baryon wave functions are the precondition in
evaluating the decay quantities. It has been shown that
the large SU(3) flavor [SU(3),] breaking effect in the
singly charmed baryon semileptonic decays can be traced
back to the B, — B, mixing [1-4], given as

|E‘c> = COs GC|E§> + Sinez?|Eg>,

[E;) = cos 0, |E¢) — sin 6, [), (1)

where EE/) = EEIH’O are the physical baryons and E‘j’m)

correspond to the antitriplet (sextet) charmed baryons. At
the limit of the SU(3), symmetry, the physical baryons
shall have definite SU(3), representations, i.e., . = 0.
From the mass relations, we have found that [5]

0, = £0.137(5)x, (2)

with the sign unfixed. In the decays involving E., the
mixing should be considered seriously, as its effects are
shown to be sizable [4]. It particular, it can be attributed to
the nonzero signals of Ef — E°(1530)z" observed at
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Belle [6], which are unexpected in the previous studies in
the literature [7—10]. If the mixing is further confirmed, it
would undoubtedly reshape our knowledge of the baryon
spin-flavor structures.

Recently, the LHCb Collaboration reported the ratio [11]

RET - EfzT) =1.41+£0.17 £0.10, (3)

where R(E. — E.n)=B(E.. — B.n)/B(E.. — E.n),
and the first and second uncertainties are systematic and
statistical, respectively. It provides an ideal place to
examine the mixing as it affects both the denominator
and numerator of R. In the literature [12—17] before the
experiments, the ratio deviates largely to the value in
Eq. (3). In this work, we will show that the responsible
mechanism is precisely the . — Z/. mixing. On the other
hand, combing several experiments, we have [18-20]

B(EL - Efat)
= 0.35 £ 0.20. 4
BE/T > AfK ntxh) 0-35 020 “)

By using B(E/S —» AfK ntnt) > BEL - ZiFK)
B(K* - K-), BEL" — SHHK*) = 5.61% [21] and
B(K*® — K~z*) = 2/3, we obtain

B(E - EfzT) > 0.59%, (5)

at 1o confidence level. In addition, we have

B(EL — Efnt) = (133 +0.74)%, (6)
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by assuming that the decay of 2" - AT K n"z" con-
tributes solely by Zft — K0,

In the theoretical aspect, it is known that a trustworthy
method in evaluating the charm quark baryonic decays has
not been given yet, since the charm quark is neither heavy
nor light enough to apply the heavy quark or SU(4),
symmetry. Nevertheless, it has been shown in Ref. [22]
that the pole model conjunction with the current algebra
and soft-meson limit can explain well the experimental
data of A7 — BP, with B and P the octet baryons and
pseudoscalar mesons, respectively. As a phenomenologi-
cal study, focusing on the mixing effects, we shall follow
their methodology for the formalism. For the baryon wave
functions, we will examine both the mixing effects and the
center-of-mass motion (CMM) corrections of the bag
model. Very recently, it was shown that the bag model
is well consistent with the experimental data of B(Z, —
AQ][_) once the CMM is removed [23-26], where Ay =
(AL, A)) for By = (B, Ey).

This work is organized as follows. In Sec. II, we briefly
recall the formalism of the pole model and current algebra.
In Sec. III, we give the baryon wave functions and their
matrix elements with and without the CMM. In Sec. IV, we
give the numerical results. We conclude this study in Sec. V.

II. FORMALISM
In general, the amplitude of B; — By is decomposed as
ifif (A~ Bys)u. (7)

where u;y) is the Dirac spinor of the initial (final) baryon
and A(B) is referred to as the parity violating (conserving)
amplitude. In the pole approximation, the nonfactorizable
amplitudes read as [17]

APOle — _Z |:ngB:”b”*i + bfn*gBﬁBiﬂ]
= M- M5 M-
9B:B,x%ni Arn9B,B;x
oyt s
32” Mi_Mn Mf_Mn

B(E, —&!"n) = §<—f,%a.g§’)Mi’> ~2c_a")

M
B(Ef, — Eﬁ’)ozﬁ) = é’(—f,z,alg(ll)Mg) +c_a

1]

M P
Bt~ 20°0) = Ve (<200 )

where Bgﬁ are the parity-even (-odd) intermediate baryons;

Ml(*;n correspond to the masses of Bf?n

(By|Hegt|By) = tta(ary + bayys)uy,
(B[ Hege| By) = by ltuy, )

By, € {B;.B;.B,}; and H.; represents the effective
Hamiltonian. The baryon-baryon-pion couplings of

9 g, are extracted by the Goldberg-Treiman relations
1~n

V2 A
9B, Bz = A (M, + Mz)ggf}?z,
T

\/E * Az
98;B,r = f_ (M}, - Mz)gggg)zv (10)

where f, is the pion decay constant, the axial vector

couplings of gg,(g) are defined by

(B4*(z)|B) = (g5 " = iG20"q, + 53q")ysu, (1)

u") is the Dirac spinor of B'), A#(z") = dytysu,
A#(x%) =L (aytysu — dy'ysd), and B) € {B:.B;,B,. B, }.
Note that g, ; are irrelevant to this work.

To overcome the unknown baryon wave functions of 5;;,
we use the soft-meson limit and [QZ + QF, H.y] = 0.'
The amplitudes of =,.. — &,z are summarized as” [17]

AEL - B 7t = ((faf MO - c_a®),

AEL - B = ¢(Paf'MY + c_a®),
AEL - B0 2% = V2ce_a¥, (12)
and
Mcc A(x™)
m0 9=tz )
) / )
e M A Mo+ M A
Tl e T Ty e )
M.+ M A(n) M+ MY A(2%)
+a vl gaﬁ’”a: +a M gsi”*a’j , (13)

"The charge operators are defined as 0" = [d’x(q'6,9)/2 and Q% = [ d*x(q"y50,q)/2, where = (u,d)” and 6; = 63, (0, £ ic,)/V/2

for 7 = °

, ', respectively. The commutation relations come from the fact that the left-handed and right-handed currents commute.

“We note that the amplitudes of the charm baryon nonleptonic two-body decays (196 in total) are compactly expressed by five of the

topological tensor invariants within the current algebra [27].
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where

Gr .

= 5 VCYVu ’
VAL

co=x(cr—c), MY =M, xm; (14)

| =

M. and M E/) are the masses of E.. and E£’>, respectively; G is the Fermi constant; a; is the effective Wilson coefficient;

and V. and V,,; are the Cabibbo-Kobayashi-Maskawa matrix elements. The information of the baryon wave functions is
encapsulated in a, f;, and g;, defined by3

E710[2L) = ET R L) (5TL,)[EL) = e (a?) + bUys)u,. (15)
v M
E sprelEtt) = a (£ (00 = it (@) S~ g, + £ (00) -1 ) u.
MCC MCL'
() +1— — _ . o q"
& sryselE) = R (gi” (@) = igs (@) y—a, + 95 (@) 71 )y (16)

with L# = y%#(1 —y5) and Uc(c) the Dirac spinor of E . Since E? and Z¢ do not have definite masses for 6, # 0, we
define the variables

142 ME M -2
1= oMM,

o)

(17)

with v the speed of the baryons in the Breit frame. Throughout this work, we employ the isospin symmetry so that E/;" (E})
and Z/.(E?) have the same masses and form factors. In addition, we have

Azt 1 A 0 Azt 1 A 0 Azt 1 A 0
Sl = _Egsgazt’ 954(97[55f)>+ - EQE:Q’H’ ga;;y?* - §9=5”:3>+- (18)

The above results are the general ones under the soft-meson limit, and the unknown parts of the baryon wave functions are

absorbed in the form factors and a!".
Plugging the mixing of Eq. (1) into Eq. (16), we arrive at

fi = cosO.f} (@) +sinb.ff(w). g = cosf.g}(w) + sinOegf(w).
fi' = cosO.f8(w') — sinQCf?(a)’), g/ =cos0.g8(w') — sinQCg?(a)’),
a = cos6,.a(3) +sin0.a(6), a = cos0,a(6) —sinf.a(3), (19)

Eqgs. (15) and (16). Similarly, the axial vector couplings are modified as

gé,(o’g,i = 08’0, g6 — SIn(20.) g5
5] = ) = cos(20,)gts + 55in(26.) gl
ggég) = sin(20,) g + sin’0, . (20)
with

(E2(Ry)|drtysulEf (Ry)) = i, (gR,r, 7" — 520" 4, + G39" )7 suR, (21)

and Ry, = (3, 6). Finally, the decay widths and up-down asymmetries are given by

3We use the Fierz transformation to sort O_ defined in Ref. [17].
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Py (M; +M;)* = M3

r= PR S ZEE (A + BP),
2kRe(A*B)

_ Jees b 22

“ AP+ B (22)

where p; is the magnitude of the pion 3-momentum and

k= py/(Ef+ M) with E; =, /p? + M?.

III. BARYON WAVE FUNCTIONS
AND MATRIX ELEMENTS

The bag model provides approximations of the hadron
wave functions, aiming to reconcile two very different ideas
|

in QCD [28-30]. Inside the bag, quarks move freely as a
result of the asymptotic freedom but cannot penetrate the
bag due to the QCD confinement. One of the great
advantages of the bag model is that the parameters are
fitted from the mass spectra. Consequently, the model
provides fixed predicted results, which can be tested by the
experiments. In this work, we calculate the baryon matrix
elements by the bag models with and without removing the
CMM, referred to as the homogeneous bag (HB) and static
bag (SB) approaches, respectively.

The baryon wave functions concerned by this work are
given as

_ 1 e s
|Eee, $) = /2\/- a/}yqaa(xl)C/T;/}(xz)czy(%)'{’ (ucc)(x],xz,x3)[d3x]|0),

E2.8) = [ el E)el () (. B ) T,

== [ Tl (B )}y ()l (B W3l (B o, )50, (23)

where ¢, € {ityq, due}, the latin (greek) letters are the color (Dirac spinor) indices, and W describe the spatial distributions

of the quarks. In the SB approach, ¥ read as [30]

abc(SB) N b

AL (019293) (xl,xz,x3) E( m( 1) @l

abc(SB)

(X2) = ¢, (F1) by 1 (%)) 4 (33).

N . o o e =
\PST(qlqzqg (x l,xz,x3) \/— (2¢q11‘(x1)¢q21‘( )¢23¢(x3) - ¢;1l(x1>¢ZzT(x2)¢;sT(x3)
=5 1)y | () 4 (X)), (24)

where N is the normalization constant,

wg. Jo(PylX)x -

@0 doles ) for ¥ <R, (25)
iw,_j1(PglX|)X - oxy

Dgp(X) = <

R is the bag radius, p, is the magnitude of the quark

3-momentum, w,, = \/E, = M, with M, the quark mass

and E, = \/p; + M2, jo, are the spherical Bessel func-
tions, y4 = (1,0)”, and y; = (0,1)".

The baryon wave functions in Eq. (24) are localized and
cannot be momentum eigenstates according to the
Heisenberg principle. In other words, the baryons at rest
must be invariant under the spatial translations and so cannot
be localized. Another way to see the problem is that the
spatial wave functions (3-momenta) of the quarks in the SB
are untangled. Therefore, we have ((p; +p, + p3)?) =
(p?) + (p3) + (p3) > 0, where p; is the 3-momentum of
the ith quark with (p;) = 0 and (p,p;) = (p;)(p;) fori # j.

[

To overcome the problem, the baryon wave functions shall
be distributed uniformly over the three-dimensional space,
while the quarks shall be entangled in the spatial wave
functions. The simplest way to do the job is to linearly
superpose the wave functions over the three-dimensional
space [31]

T(HB)(XI,Xz,)%) /d3)?ALP(SB)()?1 —)?A,)?z—)?A,)% —)?A),
(26)

where WB) are the ones given in Eq. (24). With this trick,
the translational invariance of the baryons is recovered since

“P(HB> ()?1 + ZZ, )_C)z -+ 2, 553 + 3) = HB)(.X],Xz,X3) (27)
where d is an arbitrary 3-vector, and the equality can be

proven by taking X, — X, + din Eq. (26). From Eq. (27), it
is clear that the quarks are no longer constrained in the
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specific region. However, the quarks are bounded and
entangled in the sense that
PHE) (%),%,.%3) =0, for |X; —X;| > 2R, (28)
for i, j € {1,2,3}, which can be derived by ¢, (x) = 0 for
X > R. As the baryons are invariant under the spatial
translations, we conclude that the CMM is removed.

With the baryon wave functions, the calculations of the
baryon matrix elements are straightforward. The results of
the SB approach can be found in Ref. [17], while the form
factors of the HB approach are given in Ref. [32].

Here, we sketch the method of calculating a(3) and a(6)
in the HB approach. To diminish the directional depend-
encies in Eq. (15), we trace over the baryon spins

¢ (R).JIOEL ),

(29)
|

D.(%) = / GEPLE) (7).
=> F(
(4]

a(R) = 3 (=L (R). 1|O[2L. 1) + (=

W = (11,12’/13’/14)’ X

with the normalization of i.()u.) = 1. By using the

anticommutation relations among the quark operators

{daa(®). 4js(X)} = 60p040> (X = T'). (30)

we arrive at [26]

Y (EHR) | L) (s L) [EL )

J::¢
= NL‘NCC d3£ADC(zA)TR ()_C}A)’ (31)
where N (. is the normalization constant of =),

R) / P FV iy (), (35 s, (F), (32)

+ =X+ X,/2, and F are the spin-flavor overlappings, given as

STFA.3) (0 ® s ® 4y @ Ay) = %mm R N EE AR RO

g
> F(A 6)(h ® 1 ® I @ 4g) = ——
g 3v2

From Eq. (33), it is easy to deduce that

ZF (1
Z}'
Z]—"

()(/13)(,1 )()(,14)(/12) = CuRnﬂip’

()(,12 z)(ﬂ)()(,u)(/b) 0,

()(1301)(,1 )()(14 ) = 6i,Chy. (34)

where

(L HIDAL D) 2 + 200 (33)

(anﬂip’ ﬂlp) (\/_ \/_)
(anﬂlp’ ﬂlp) <\/r \/_> (35)

and o;; are the Pauli matrices. The second and third
equations of Eq. (34) are due to the fact that we have
traced over the baryon spins so the matrix elements cannot
depend on specific directions.

We decompose Y into several pieces,

— [@3 3 a6
k=1.2734

with

013006-5
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TABLE I. Results of the form factors in the HB approach (The uncertainties are smaller than the ones obtained in Ref. [32] because a
smaller range of the bag radii is considered.).
fw) f@) (@) @) g (@) HC g(@) (@)
0.480(17) 0.593(17) 0.277(10) 0.342(10) 0.152(5) 0.188(5) 0.439(16) 0.542(15)
REa %) =) _F (4] )b, (57)pL, (B s, (),
(A
I} (3a, %) Z}_ u,14 XO)rsba, (3_5_)(15;13 (X)rstea, (X7),
4
N ENE Zf (X ipas, (37)ply, G Vies, (3),
R (3aX Z]: R)ff) XOWVirsha, (f_)¢sg3( Wirshe, (X7, (37)
where V; = yoy; with i = 1,2, 3. Plugging Eq. (34) into Eq. (37), we obtain
R(X\. % R + o= 2t + + =%t g (¥4 xX)? NI
7 (Xa- X) = Congrip (g ug + v vg®" - 37) (wug + v v 27 -37) — ﬂipmvu Vg Vs Ve
IR (Xp, %) = =C, (uf o757~ = vfugd*) (uf vz = vfuzi"),
IR (3, %) = _ Conip IR(Fy. %) — 2CR (ufv33~ + viusit) - (ubvsd + viuzi?)
3 A - Cﬂ A X flip d d s Ve s %e ’
ip
IR (Xa, %) = =CR, [Busg ugui uz 4 viivgvive (2 + (37 -37))
L o L (R xX)?
- (”;{ud U;rvc + U;rvd u;L”C )X+ t X ] + Cunﬂlpv+vd U;rvc (:4»#)2 ’ (38)
|
with the abbreviation M,, =0, M, =0.28 GeV,
M. = 1.655 GeV, = (5.040.1) GeV~!. (42)

e = ()@

Collecting Egs. (29), (31), (32), (37), and (38), now we
are able to calculate a(R). Note that the formalism is
reduced to the SB approach by eliminating the X, integral

a(R) = TR(0). (40)

To compare with the SB approach [17], we rescale the
parameters as

16\ 27
0(6) = — 3 Xl'

IV. NUMERICAL RESULTS

a(3) = 16V61X,, (41)

In crunching the numbers, we take the bag model
parameters [33]

In the HB model, the axial vector couplings and X, , are
found to be

(—0.259,0.522, —0.453),

= (3.52+£0.22)10~ GeV?,
X, = (=2.44 £ 0.08)107° GeV3,

A(m*
(gEérCE;;r k) 92 ’ g23)
(43)

while ¢g; and f| are summarized in Table I. The over-
lappings of X, and X, are twice and one-half larger than
those of the SB approach [17], and the same tendencies are
found in the heavy-flavor-conserving decays [26]. We
emphasize that X; «« M; due to the Korner-Pati-Woo
theorem [34]. As a consequence, the calculated X; from
the bag model shall not be fully trusted, as M is difficult
to determine. Nevertheless, X; can be taken as zero in
practice, so the final results are little affected.
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NONLEPTONIC DECAYS OF E,, — E 7 ...
ol R (6., HB)
----- R(6.,SB)

6

4 /// \\\

2 /,,,/, \\\\

—/4 77‘r/8 0 7r)8 w/4
FIG. 1. R(EfT - Efz") vs 0,.

The mixing largely modifies R(Ef" - Efz"), as
shown in Fig. 1. Particularly, with 8, = 0.14271, we find
that

R(0,SB) = 6.74,
R(-6,,SB) = 1.45,
R(6y, HB) = 0.870],

R (6. SB) = 5.39,
R(0,HB) = 0.19 + 0.05,

R(=6,.HB) = 0.07. (44)

Because of the large difference in X, ,, the HB and SB
approaches predict very different ratios. However, they both
require 8, # 0 to explain the experiments. With 8. = —6,,

TABLE II.
branching fractions are normalized by (z(E/:), 7(Ef.)) =

the SB approach is in good agreement with Eq. (3), whereas
with 8. = 0,, the HB approach shows accordance with the
experimental lower bound.

We list the results of the branching fractions and up-down
asymmetries in Table II along with those in the literature,
where we have normalized the branching fractions by
(z(ELH), 7(BL)) = (2.56,0.45) x 10713 s [35,36]. In the
literature, Ref. [15] adopts the covariant quark model up to
three-loop calculations; Ref. [13] employs the pole model,
but only the parity even pole is considered; Ref. [37]
calculates the W-exchange contributions by the light-cone
sum rule with the heavy quark effective theory; and
Refs. [14,16,38] consider only the factorizable parts of the
amplitudes. In the table, the quoted values of Ref. [13] are
calculated by the nonrelativistic quark model (N) and heavy
quark effective theory (H) with the flavor-independent pole,
and the ones of Refs. [16,38] are given by 6. = 0.090 &+
0.013z (M) and 8. = 0 (N) with the light-front quark model.
The results of Ref. [17] are essentially the ones of the SB
approach with . = 0. Remarkably, Refs. [17,15] show good
accordance, which indicates their treatments for 8, = 0 are
reliable. However, they are inconsistent with the experimental
data of R(Ef" — Efzt). We believe that such deviations
are caused by the E, — =, mixing. As shown in the table,
after considering the mixing, both 3 and R are compatible
with the current experimental data. To test our theory, we

recommend the future experiments on R (2 — E(C)H)zr*(())),
found to be

The calculated branching fractions and up-down asymmetries (in units of %) along with the ones in the literature. All the
(2.56,0.45) x 10713 5. For Ref. [13], we quote the results of the flavor-

independent pole, and the parentheses of (N) and (H) indicate the form factors are calculated by the nonrelativistic quark model and
heavy quark effective theory, respectively. For Refs. [16,38], (U) and (M) are the results with and without the E. — E. mixing,

respectively.
HB 6, = 6, Cheng et al. [17] Gutsche et al. [15] Sharma and Dhir [13]
B a R B a R B a R BN BMH) a®) oM R

Bl - Efnt 10324) -30 oy 069 41 071 =57 666 930 -99 —99 0.82(N)
Chng —>:'+ +89168) -96 087151 465 -84 674 339 93 477 546 751 -78 =79 0.1 (H)
B E0rt 8.12(55) -52 384 -31 059 095 55 34 039 (N)
g 20+ 20517) 97 025 155 73 040 149 212 65 65 045 (H)
Er - Ef0  8.58(104) —37 238 =25 0.50
=t Lm0 19424) 52 0P o7 -3 007 0.054 0.11

SB 6, = -6, Shi et al. [37] Gerasimov et al. [14] Ke et al. [16,38]

B a R B R B R BU BM) aU) aM) R
Bit > Bfat 224 -93 6.22(194) 7.01 3.48(46) 2.14(18) —44(1) 9(7) 0.56(18) (U)
Zit o Eiat 325 —63 145 g5562) 142078) 535 083 1.96(24) 3.01) —98(1) —99(1) 1.41(20) (M)
=t - 207t 226 31 1.23 0.61(8) 0.38(3) —44(1) 9(7) 0.56(18) (U)
Ef - 20t 264 —99 L.17 1.04 085 0354) 0532) —98(1) —99(1) 1.41(20) (M)
Er > E0 201 -5
=t Lm0 051 —65 0P
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E07+) = 0.25(SB).

0 0. 1.17(HB),
E:7%) = 0.23(SB).

-
- 0.25(HB). (45)
It is interesting to point out that the sign of a(E{, — Elz ") is
flipped by the mixing in the SB approach. Under the
factorization ansatz, the decays of E/ — g 7t and
Ef. — Bt behave identically; i.e., they have the same
decay widths and up-down asymmetries as shown explicitly
in Refs. [14,16,38]. Therefore, the experimental measure-
ments of B and @ up on these decays may clarify the W-
exchange contributions. Especially, we recommend the future
measurements on a(E/. — g! )Oﬂ+), as it is essentially
negative in the factorization ansatz with 6. =0. It is
interesting to point out that the sign of a(E2. — Ez*) is
flipped after the mixing is considered in both the SB
approach and Ref. [38].

Unfortunately, with the experimental value in Eq. (3), the
HB and SB models suggest opposite signs of 6. as shown in
Eq. (44). In B2 > Afz~ and B; — A%z~ where the soft-
meson limit is trustvvor“[hy,4 it has been found that the HB
approach is much more suitable than the SB one [23-26].
More importantly, the HB wave functions are self-consistent
on the contrary of the SB ones. However, the computed
B(E{;" - Efz") with the HB is much larger than Eq. (6),
indicating that the branching fractions might be overesti-
mated. Viewing on the successes of the SB approach in the
Al decays [22], it is likely that the CMM and finite p,
corrections compensate each other. Accordingly, the sign of
0. shall be negative, suggested by the SB model. We note
that the semileptonic decays of E.. — E.etv, are ideal

‘The p; in Ef -» Efz" and B0 —» Afz~ are 0.96 and
0.11 GeV, respectively.

places to determine the sign of 6., as they are uncontami-
nated by the W-exchange contributions. Nonetheless, the
experiments are subjected to the difficulties imposed by the
chargeless neutrinos.

V. CONCLUSION

We have studied the E. — E,. mixing effects in E.. —
E.z with the soft-meson limit. The bag model has been
employed for the baryon matrix elements with and without
removing the CMM. We have found that the CMM
corrections are sizable, as found in the heavy-flavor-
conserving decays. The branching fractions and up-down
asymmetries have been calculated, and special attention
has been given to R. In particular, for E/;" — Efz", we
have obtained that (B,R) = (10.3(24)%,0.87-/7) and
(2.24%, 1.45) with and without removing the CMM,
respectively, which are consistent with the current exper-
imental data. To test our theory, we recommend the future
experiments to examine R(Z/. — E2z"), which have been
computed as 0.25 and 1.17 in the HB and SB approaches,
respectively. To probe the W-exchange contributions, we

recommend the measurement on a(E. — EE-/)+7Z+), as they
are negative in the factorization ansatz but 0.31(0.52) in the
SB (HB) approach.
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