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Abstract: We study the rare decays A, — Al*I~ (I = e,u, 7) in the Bethe-Salpeter equation approach. We find that the

branching ratio is Br(A, — Autp™)x 10% = 1.051 ~ 1.098 in our model. This result agrees with the experimental data

well. In the same parametric region, we find that the branching ratio is Br(A, — Ae*e™(t777))x 10° = 0.252 ~

0.392 (0.286 ~ 0.489).
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1 Introduction

Recently, some interesting experimental results have
been obtained in the studies of rare decays of b baryons
induced by the b — s transition [1-5]. The rare decay
Ap = Autu~ was observed by the CDF [1] and LHCD [2]
collaborations. The first observation of the baryonic fla-
vor changing neutral current decay A, —» Au~u* by the
CDF collaboration [1] had a signal yield of 24 +5 events,
corresponding to the absolute branching fraction
Br(A, — Autp™) = (1.73+0.42 (stat) + (syst) )x107°.
Following previous measurements, the LHCb collabora-
tion [2] reported the branching fraction of Br(A, —
Aptum)=(0.96+0.16(stat)+0.13(syst)+0.21 (norm))x
107® based on the 78+ 12 A, — Autu~ events and up-
dated experimental data dI'(Ap, — Ap*p™)/dg? = (1187300 +
0.036+0.27)x1077GeV~2 intergrating over 15 < ¢* <20
GeV? [3]. The first observation of the radiative decay
Ap — Ay was reported in [4], and the branching fraction
was measured as Br(Ap — yA) =(7.1+1.56+0.6+0.7)x
10=° based on the 65+13 A, —» Autu~ events with the
significance of 5.6¢. The analysis of the angular distribu-
tion of the decay A, — Au*u~ was reported in [5], and
the first analysis of the differential fraction and the angu-
lar distribution of A, — Au*u~ was given in [3].

In the past several decades, significant theoretical ef-
forts have been made to study the decays A, — Ay [6-13]
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and A, — Al*l™ [14-32]. In [6], the branching fraction
Br(A, — yA) = (1-4.5)x 10~ was reported based on the
experimental data [31]. In [7], the branching fraction
Br(A, — yA) =0.23x 107 was given using the covariant
oscillator quark model. Using the quantum chromody-
namics (QCD) sum rules, in [12] it was reported that
Br(A, — yA) = (3.7+£0.5)x 107>, Following this work,
considering the long-distance effects, in [14] the decay
branching ratios were 53x107 for A, — AI*l”
(I=e,p) and 1.1x1075 for A, — Ar*7~. Using the decay
form factors (FFs) from [12], many studies addressed the
rare decay A, — Al*l™ [15-21, 32]. In the relativistic
quark model, the branching fractions were obtained in
[10] as Br(A, —» AIFI)x 1070 = 1.07 (I =€), 1.05 (I = ),
0.26 (1 = 7).

However, in most of these works with the FFs of
Ap = A being based on light-cone QCD sum rules and
assumed to have the same shape, the results for the
branching ratios of A, — Al*l~ are different and do not
agree with the existing experimental data. One important
approach to search for new physics in b-physics is to ana-
lyze the rare B decay models that are induced by the fla-
vor-changing neutral current (FCNC) transitions. The
FCNC transitions are forbidden at the tree level in the
standard model, and thus provide a good testing ground
for new physics. To use A, rare decays in search of new
physics, the A, — A transition matrix must be determ-
ined more exactly.
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In general, there could be other types of diquarks con-
tributing to A, and A. However, considering that the b-
quark is very heavy, the (ud) diquark has good spin and
isospin quantum numbers, which are both zero in the
heavy quark limit; hence, only the b(ud)qy composition is
taken into account, which is dominant. Then, for the
Ap — A transition, only the s(ud)oy composition in A
contributes.

This paper is organized as follows. In Section 2, we
establish the BS equation for A, and A. In Section 3 we
derive the FFs for A, — A in the BS equation approach.
In Section 4 the numerical results for the FFs and the de-
cay branching ratios of A, — Al*I™ are given. Finally, the
summary and discussion are given in Section 5.

2 Bs equation for Q(ud)y system

In our work, A, can be described as a b(ud)yy system
(the first and second subscripts correspond to the spin and
the isospin of (ud), respectively). The BS wave function
of the b(ud)go system can be defined as follows [33-40]:

Xx(x1,x2, P) = 01T ¢ (x1)p(x2)|P), (1)
where ¥(x;) and ¢(x;) are the field operators of the b-
quark and (ud)yy diquark, respectively, and P is the mo-
mentum of A,. We use M, m, andmp to represent the
masses of the A,, the b-quark and the (ud) diquark, re-
spectively. We define the BS wave function in the mo-
mentum space, as follows:

xulng)=emXJﬁdﬁ7QWXAp) @)

b 9’ (271-)4 9

where X = A;x; + A2xy 1s the coordinate of the center of
m mp .

mass, A; = , Ay = , X=x1—x, and p is the

. m+mp m+mp . .
relative momentum of the quark and the diquark. As is
show in Fig. 1 in the momentum space, the BS equation
for A, satisfies the homogeneous integral equation [33,
34, 36-40]

. d*q
xp(p) =lSp(p1)fW[l®IV1(p,q)

+Y. ®T*Va(p, @) x p(q)S p(p2), (3)

where the quark momentum p; = 2, P+ p and the diquark
momentum p; = AL P—-p, Sp(p;) and Sp(py) are the
propagators of the quark and the scalar diquark, respect-
ively. V; and V, are the scalar confinement and one-
gluon-exchange terms, respectively [41]. T* = (p2 +q2)*
aseﬁ'Q%
0%+ 0f
scalar diquark [6, 36, 42]. By analyzing the proton elec-
tromagnetic FFs, it was found that Q(Z) =32 GeV’ can
yield results that are consistent with the existing experi-
mental data [6]. Motivated by the potential model, V; and

is introduced to describe the structure of the

D1 Sr D1

Y
Y

D2 Sp D2
Fig. 1. The BS equation for b(ud)yy system in the mo-

mentum space (K is the interaction kernel).

V, have the following forms in the covariant instantan-
eous approximation (p; = ¢;) [36, 37, 40, 43]:

N 8k
Vipi—q) =————>— 2 253 t— 4t
1(Pi—q1) [(or—a0? + 127 (2n)"6°(pi —q1)
d*k 8k
@m3 (@ -+ @
- 16 se
Vo(pi—aqr) = S %)

3 (pi—q)?+p?
where ¢; is the transverse projection of the relative mo-
menta along the momentum P, defined as
qd'=q"—v-g*, g = 12M—-v-q (W =P*/M). The second
term of V; is introduced to avoid infrared divergence at
the point p, = ¢,, p is a small parameter to avoid the in-
frared divergence. The parameters « and a.g are related
to the scalar confinement and the one-gluon-exchange
diagram, respectively.

In general, the b(ud)oo system needs two scalar func-
tions to describe the BS wave function [33, 34, 38]

xe(p) = (A(pD) + B, L(pP)u(P), (6)

where f;,(i =1,2) are the Lorentz-scalar functions of p,z,
u(P) is the spinor of A, p; is the transverse projection of
the relative momenta along the momentum P,
pi=p"—@-pw and py= LM-v-p.

The quark and diquark propagators can be written as
follows:

: . Ay Ag 7

F(Pl)—li()[M_pl_wq+iE M_p,+w—ie]’ 2
i 1 1

PR A R B R

D(p2) ZwD pi—wp+l€ pi+wp-—1€ ( )

where  w, = \/m? - p? and wp = A =1/2

p(p,+m)/(2w,) are the projection operators that satisfy
the relations, AjAj = Aj, AjAj =0. On the order of %
[36], the quark propagator can be written as
1+y
2(Ey+mp — p; +i€)’

Jni—p?.

Sr(py) =i )

where Ey = M —m—myp is the binding energy. In general,
Ey is approximately —0.14+0.05 GeV [38]; then, the
diquark mass is approximately 0.75 GeV, which is in a
good agreement with [44]. Then, we obtain that « is ap-
proximately 0.05+0.01 GeV? for A, [39]. Defining

~ d . . .
fie) = f % fie), and using the covariant instantaneous
s
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approximation, p; = ¢;, the scalar BS wave functions sat-
isfy the coupled integral equation

- 43 _ -
fl(pz)=fﬁMll(Pta%)fl(‘]t)+M12(Ptv‘]t)f2(‘]r), (10)

~ 43 - -
fz(pt)=fﬁle(pt,qt)ﬁ(qr)+Mzz(pt,qz)fz(qt), (11)

where

(g +m)(Vy +2wpV2) = pr - (pi + g V2

M ,q:) =
(P4 4wpwy(—M +wp + wy)

(wg—m)(Vi =2wp Vo) + pr - (pe+ g0V
4wpwe(M +wp + wy)

>

(12)

—(wg +m)(q:+ pp) - q:Va+ pr-qi(Vy = 2wpVs)
dwpw(—M + wp + w)

Mi>(ps,q1) =

_(m=w)(q:+p)q:V2 = pr-q(V1 +20pV2)
dwpwy(M +wp + wy)

)

(13)

+q) pr ~
(P CI;) Ptvz

t
4wpwy(—M +wp + wy)

(Vi +2wp V) — (~wy+m)

M>1(pt,qr) =

-(Vi —2wpVa) + (wy +m)

+q)pi ~
(P qzz) ptVZ

!

i

(14)

dwpwy(M +wp + wy)

(m—w (Vi + 2wDVz>)% ~ (@ +pr-a)Va

t
dwpwy(—M +wp + wy)

M (pi,qr) =

Pt q P
tpz : +(qt2 +pi-q)V2

1

(m + wq)(—Vl = ZwDVZ)

4wpwy(M +wp +wy)
(15)
The discussion about the BSE of A is similar. In Eq.
(3), when ni — 0, y, can be replaced by v,, and we find

&

that the BSE for A, has the following form [36]

i

N = v mp—prio -l
xfd4q(x7+2 2)é(q) 16
oy V120 2)P(q). (16)

Then, considering that ¢S p(p;) =S r(p1), we find that
Yxp(p) = xp(p). Therefore, the BS wave function of A,
can be written as yp(v) = ¢(p)ua,(v,s) where ¢(p) is a
scalar function.

In general, the BS wave function can be normalized
under the condition of the covariant instantaneous ap-
proximation [43]:

T Y
i (2m)8

- 0 Qs o ’
X PP, )| =5 1p(P. )" | xp(q, §') = Oy,
0Py
(17

where i and jj) represent the color indices of the
quark and the diquark, respectively, s is the spin index
of the baryon A, 1,(p,q)""*"*)' is the inverse of the four-
point propagator, written as follows:

L(p,q) 7 = 5176222yt s* (p - S 7 (p)S b (p2). (18)
3 Matrix element of the A, - Al*l- decay

In this section, we derive the matrix element of
Ap = AI*I™ in the BS equation approach. On the quark
level, A, — AI*I™ is described by the b — sI*I~ transition.
The effective Hamiltonian describing this process can be
given as the following [45]

G 2myo gt -
H =22 v,,,v;;{f[cgffy,,PL —icsffb—z"qPR b(ly,l)
V2n q

+ o5y PLOY I ysD (19)

where Gr and « are the Fermi coupling constant and the
electromagnetic ~ coupling  constant,  respectively,
Prr=(1%£vs5)/2, g is the total momentum of the lepton
pair, and C; (i=7, 9, 10) are the Wilson coefficients. The
amplitude of the decay A, — Al*l™ is obtained by calcu-
lating the matrix element of the effective Hamiltonian for
the b — si*l~ transition between the initial and final
states, (A|H|Ap). The matrix element can be parameter-
ized in terms of the FFs, as follows:

(AP, 8")|5yubIAG(P, 5)) =0 (P, 5" )(g17Y" +i8200q" + 3G )un, (P, ),
(AP, OISy ysbIAG(P, $)) =ia (P, s" )t Y" +itro g’ + 136" Yysun, (P, s),
(AP, s")I5ic" ¢ bIAp(P, 5)) =ip(P’, 8" ) (s17" + is200q" + 53¢" Jun, (P, 5),
(AP, s")5i0""ysq"DIA(P, 8)) =an (P, ' Wd1y" +idaoynq” + d3q")ysun, (P, s), (20)

where g = P— P’ is the momentum transfer, and g;, #;, s;,

d; (i=1,2 and 3) are the various form factors, which are
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the Lorentz scalar functions of ¢>. Considering the spin
symmetry on the b quark in the limit m, — co, the matrix
elements in Eq. (20) can be rewritten as

(AP, s"ISTybIAp(v, 8)) =tap (P, s )(F1(w)
+ Fa(w))TMHup, (v, 5), (21)

where I', represents y,, vu¥s, iCuwq’,

(i=1,2) can be expressed as functions solely of

mi +mi —q2 . .

w=——————=v-P'/my, which is the energy of the
ZmAbmA

A baryon in the A, rest frame.

In the pole formulae for the extrapolation to ¢g*> = 0 in
the decay A, — Ay one has F(0) =0.45 (monopole) and
F1(0) =0.22 (dipole) [6], while in [6] CLEO data from
[31] were combined, to obtain Fi(g2,,) = 1.21 , ignoring
the mass of A baryon. Lattice QCD (LQCD) gives
F1(g%) ~ 1.25 in the leading order in the heavy quark ef-
fective theory [46]. In [47] it was assumed that F, =0.
The QCD sum rules analysis yielded F; =0.50+0.03 and

=-0.1+0.03 at the point Eo=(my +my)/(2ma,) =
2. 93 GeV. Therefore, we expect Fi(g2,,) < 1.5, consider-
ing the correction of Aqcp/mp. The ratio
R=F,/F; =-0.35+0.04 (stat) £0.04 (syst) has been pre-
viously measured by the CLEO collaboration using ex-
perimental data for the semileptonic decay A, — Ae*v,
with the invariant mass in the range from mp to my_, as-
suming the same shape for F; and F, and ignoring the
Aqcp/m, corrections [48]. In [12] R = —0.42 (-0.83) was
given at ¢* = ¢2,.(¢*> =0), and in [32] R(0)=-0.17 and
R(gmax = my ) = —0.44 were obtained. However, accord-
ing to the pQCD scaling law, the FFs should have differ-
ent shapes for large ¢ [42, 49, 50]; therefore, we expect
R(q%) < —1/¢?, which agrees with the results in [13]. Us-
ing experimental data [48], we have estimated the value
of R(¢%,, = (ma, —my)?) and found it to be ranging from
—1.12 to —0.7 approximately. Considering the results in
[12], we let R(¢2,,) vary from —0.83 to —-0.7.

Comparing Eq. (20) with Eq. (21), we obtain the fol-
lowing relations:

and io,ysq”. Fi

th =8 =dy = (F1+ \/;Fz),

81 =
1
g =h =g =8=—F,
™
53 = Fa(Vr=1),d3 = Fa(\r+1),
s1 = di = Fomp,(1+r-2vrw), (22)

where r=m} /mih. The transition matrix for A, — A can
be expressed in terms of the BS wave function of A, and

A

d4
(A(P’,s’)IEF,,bIAb(P,s))=f(2ﬂl)’4)'($,(p')r,l)(P/’(p)SBl(pg).
(23)
Define

d4p ’ -1
f Gy 1(PHPIS T (2) = (@),

d4
f (271-]))4 fz(p’)P;#¢(P)S Bl (p2) =k (w)v, + (), (24)

where v = P’/my. Then, we find the following relations
with w # 1

k3 = —a)kz,
and
Fl = k1 —a)kz,
F2 = kz. (26)

The differential decay rate is obtained as follows:
G _
M(Ap = A1) =—2 x4, By, Hiin [y, (A Pr + Bi PL)
Vor

+i0" p (A2 PR+ B2 Pp)lun, }
+ly,cysl{aaly* (D1 Pg + E1 PL)

+i0* p,(D,Pr+ E;Pr)

+ P (D3PR+E3Pp)]uy, ), (27)

where the parameters A;, B; and D;, E; (i=1,2 and
j=1,2,3) are defined as

Cfty

1 b
A= E{Cg‘*(g,» —1) - —5—(di+ Si)}’
1 Ceffmb
Bi = E{Cgﬂ:(gl + tl) - 7—2(d1 - Si)}7
1 1
D;= EClo(gj—tj), Ej= EclO(gj"'tj)' (28)

In the physical region(4m? < ¢* < (mp, —mp)?), the de-
cay rate of A, — AI*[™ is obtained as

dr
e 213n5 IV,bV”Izvl\//l(l rLOMG), (29

Whereszqz/m/\’(q =m12\h+mA—2mA,mAw) A,r,8) =1

r?+ 5% —2r—2s-2rs, and v; = /1 — 2L is the lepton velo-
city. The decay amplitude is given as [23]

M(s) = Mo(s) + Ma(s), (30)
where

083107-4
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Mo(s) =32mim} s(1+r=s)(IDs* +|E3[*)64mm} (1—r—s)Re(D;Es + D3E}) +64my Vr(6m] — My s)Re(D}E))
X 64m?m \r(2mp, sRe(D3E3) + (1 —r+ s)Re(D} D3 + E E3))

+32mx (2m7 +my s){(l —r+s)ma, VIRe(AT A2 + B} By)

—mp,(1—r—s)Re(A" B, + A3B)) -2 Vr(Re(A'B)) + misRe(A;Bz))}

+8my [4m12(1 +r—s)+my (1+r)° - s"’)](|A1 P +|B1[»)

+ Smf\b{4m[2[/l+ (1+r=s)s]+my s[(1-r)* - sz]}(|A2|2 +|Ba)

- Smih{4m,2(1 +r—s)—mp,[(1-r)* - sz]}(|D1|2 +1EP)

+ Smihsvz{ —8ma, s VIRe(D3E2) +4(1 —r+5) VrRe(D} D, + E{Ey)

—4(1=r=$)Re(D}Ez + D3E) +ma, [(1 = r)* = s*1(IDaf* + |E2|2>},

M(s) =8m3 svi A(|Aaf* +|Baf* +|Cof* + D2 )

—8mj} ViA(A P+ BiP +ICiP+ D). (32)

4 Numerical analysis

To analyze the decay rate and the branching ratio, we
use the following numerical values: for the Wilson coeffi-
cients, C5"=-0.313, CsT =4.334, Cyp=-4.669 [51-53],
for the masses of baryons, ma, =5.62 GeV, mp =1.116
GeV [54], while for the masses of the quark, m;, =5.02
GeV and m,; =0.516 GeV [34, 37, 38]. The variable w
varies from 1 to 2.617, 2.614, and 1.617 for e, u, and 7,
respectively.

Solving Egs. (10) and (11) for A with the above para-
meters, we obtain the numerical solutions of the BS wave
functions. For A, we need to solve Eq. (16). In Table 1,
we list the values of a;, for different binding energies E,

€2))

and different « for A. In Table 2, we list the values of a;,
for different binding energies E, and different « for A,. It
can be seen from Tables 1 and 2 that the dependence of
asef On the parameters x and Ep for A is obviously
stronger than that for A;.

In Figs. 2-5, and in Figs. 6-7, we show the BS wave
functions of A and A, for different parameters. From
Figs. 2-5, we find that the BS wave functions of A are
very similar for different parameters; the value of f(w)
changes from 0 to approximately 0.15, while for f;(w), it
should be changing from O to approximately 0.022.
However, f>(w) depends on « stronger than on Ey. From
Figs. 6-7, we find that the BS wave functions of A, are
very similar for different parameters. In Fig. 8, we show
the values of R(w) for different parameters. From this fig-
ure, we find that the ratio of FFs, R(wmax), 1S approxim-
ately —0.23 , which agrees with the existing experimental
data [31]. The value of R varies from —0.8 to —0.23 for
different Ey and « with w =1 ~ 2.6 (corresponding to ¢>

Table 1. The values of @ for A (the units of Ey and « are GeV and GeVS, respectively).
Ey seff
-0.19 0.616 0.611 0.661 0.606 0.601 0.596 0.592 0.588 0.584 0.580 0.577
-0.14 0.576 0.570 0.566 0.561 0.557 0.553 0.549 0.546 0.542 0.539 0.536
-0.09 0.521 0.517 0.513 0.509 0.506 0.503 0.500 0.497 0.495 0.492 0.490
kX103 40 42 44 46 48 50 52 54 56 58 60
Table 2. The values of @ for Ay (the units of Ey and « are GeV and GeV3, respectively).
Ey Qs
-0.19 0.806 0.808 0.809 0.796 0.811 0.812 0.814 0.815 0.817 0.818 0.819
-0.14 0.770 0.772 0.774 0.776 0.777 0.779 0.781 0.783 0.785 0.786 0.788
-0.09 0.729 0.732 0.735 0.737 0.713 0.740 0.742 0.744 0.747 0.749 0.751
kX103 40 42 44 46 48 50 52 54 56 58 60
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Rw) = B(w)/A(w) x107"® Ey = —0.19GeV
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3
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Fig. 8. (color online) The values of R(w) for different bind-
ing energies Eo and « (the value of R decreases with in-
creasing «, and with increasing « the line thickens (« from
0.040 to 0.060) for the same color line).

Fig. 9. (color online) The differential decay width of
Ap = AI*I" with the binding energy Eo=-0.19 GeV (the
decay width increases with increasing « from 0.040 to 0.060
GeV’ for the same color line).
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Fig. 10.  (color online) The differential decay width of Fig. 11.  (color online) The differential decay width of
Ap - AIYI” with the binding energy Ep=-0.14 GeV (the Ap — AI*I” with the binding energy Eo=-0.09 GeV (the
decay width increases with increasing « from 0.040 to 0.060 decay width increases with increasing « from 0.040 to 0.060

GeV’ for the same color line). GeV’ for the same color line).
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Table 3. The values of the branching ratios for A, — Al*l~ , and comparison with other models.

—Eo(x10% GeV)k(x103 GeV3) present work 1450+5 present work 14+550 HQET [55] QCD sum rules [32] Exp. [54]
Br(Ap — Aete™)x 100 0.464-1.144 0.611-0.867 2.23-3.34 4.6+1.6 -
Br(Ap — Autp~)x 100 0.602—1.482 0.856-1.039 2.08-3.19 4.0+1.2 1.08+0.28
Br(A, = AtTT7)x 100 0.177-0.437 0.233-0.331 0.179-0.276 0.8+0.3 -

from m? to (my, —my)?). This range agrees with our res-
ult and with the result in [12]. Considering the experi-
mental data for R(w) in [48] and that the value of
R(w = 1) decreases with increasing the values of « or Ej,
we believe that the optimal range for our model paramet-
ers is k = 0.050 GeV? and E; from —0.19 to —0.09 GeV,
because in this region R(g2,,) = —0.8 ~ —0.7 and R vary-
ing from —0.8 to —0.23 agrees with our previous results.
On the other hand, we find that LQCD also gives the
value R(¢2,,,) ~ —0.8 [46].

In Figs. 9-11, we show the w-dependent differential
decay width of A, —» Al"l*(I=e,u,7) for different para-
meters. In our optimal range of parameters and in the
range k =0.050+0.005 GeV", and Ey=-0.14+0.5 GeV,
we obtain the branching ratios, respectively, which are
listed in Table 3. From this table, we see that our results
differ from those of the heavy quark effective theory
(HQET) and QCD sum rules, but our results are consist-
ent with the most recent experimental data. With
k= 0.045 ~ 0.055 GeV’ and Ep = —0.19 ~ —0.14 GeV, we
find Br(Ap, — Aptu~)x 10° =0.602 ~ 1.48, and in our op-
timal parameter range this value is 0.856 ~ 1.039. The
values of Br(A, — Aet(t+)e (7)) x 10° in the above two
ranges are 0.464 ~ 1.144 (0.611 ~ 0.867) and
0.177 ~ 0.437 (0.233 ~ 0.331), respectively. When the
parameters « and Ey vary in their regions, we find that
the differential branching ratio of A, — Au*u~ does not
peak at approximately w=1.2. In [2, 3] when w in the
range 1~ 1.4 (corresponding to ¢ in the range 15~ 20
GeVz), the experimental data exhibit a peak. Considering
this difference, there could be new physics in this region.

5 Summary and discussion

Theoretical studies of the decay A, — Al*l™ require
knowing the matrix element (A|5TH|Ap). In the leading
order in the HQET, this matrix element is given by two
FFs. In the past few decades, in most of the published
works the FFs were studied based on the QCD sum rules
[12], and by fitting the available experimental data [31].
With experimental advances, the data pertaining to the A,
rare decay have been updated.

In the present work, we have performed the first BS

equation calculation of these FFs. In our work,
A (Q=b,s) is regarded as a bound state of a O-quark
and a scalar diquark. In this picture, we established the
BS equations for Ag, and derived the FFs for A, — A in
the BS equation approach. After solving the BS equa-
tions of A and A, we calculated the ratio R = F»/F; and
the decay branching ratio for A, — Al*l”~ , and compared
our results with those reported in other works. We found
that the shape of the differential decay branching ratio for
Ap = Aptp~ in our model is similar to the experimental
data throughout most of the region, and in our work the
shape of the decay differential branching ratio of
Ap = ATl (I = e,u,7) agreed with the LQCD results [29,
46]. The experimental data for the differential decay
width of A, — Au*u~ exhibited a peak with w ~ 1.2, but
in most of the existing theoretical works such a pole does
not appear. Therefore, new physics could exist in this re-
gion. More accurate experimental data should be ob-
tained by repeated measurements in that region. Our res-
ult for A, —» Au*u~ is very close to the experimental
data, and we also provide predictions for the decays
Ap = Al (I = e,7), which need to be tested in future ex-
periments. We find that for different parameters the ratio
of FFs, R(w) changes from —0.80 to —0.23 in our ap-
proach. This result agrees with the experimental data and
with [12], and agrees with the LQCD results at ¢2,,, [46].
On the other hand, while using the BSE to investigate the
octet and decuplet baryon properties in the ladder approx-
imation, the quark exchanges generate the kernel when ir-
reducible 3-quark interactions are neglected and separ-
able 2-quark (diqaurk) correlations are assumed [56-58].
Then, both the scalar diquark current and axial-vector
diquark current contributions are considered. We will
also consider the axial-vector current contributions for the
Ajp — A transition in future works.

In the HQET, the approximation 1/mj; — oo is uncer-
tain within Agcp/my,. Considering the uncertainties from
the parameters E, and « , the maximal uncertainty is ap-
proximately 22% in our optimal data region. In the future,
our model will also be used to study the forward-back-
ward asymmetries, T violation, and angular distributions
in the decays induced by b — si*i” , to further validate
our FFs.
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