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a challenge. Usually, the quark-diquark scheme as an
approximate treatment was widely used in previous theo-
retical works [25-29,35]. And the spatial wave functions of
these hadrons involved in the bottom baryon weak decays excited state £2.(22Y). In the realistic calculation, we take the
are approximately taken as a simple harmonic oscillator numerical spatial wave functions of these involved bottom
wave function, which makes the results dependent on the and charmed baryons as input, where the semirelativistic
parameter of the harmonic oscillator wave function. For potential model [30,36] associated with the Gaussian

avoiding the uncertainty from these approximate treatments . . r
mentioned above, in this work we calculate the weak expansion method (GEM) [37-40] 1s adopted. By fitting

transition form factors of the 5, — =) and Q, — Q) the mass spectrum of these observed bottom and charmed
transitions with emitting a pseudoscalar meson (z~, K-, baryons, the parameters of the adopted semirelativistic
D~, and D) or a vector meson (p~, K*~, D*~ and D*") in potential model can be fixed. Comparing with former
the three-body light-front quark model. Here, =" denotes approximation of taking a simple harmonic oscillator wave
' - A R fu In this section, we illustrate how to obtain the concerned

av  spatial wave functions by the semirelativistic quark model
sg  with the help of the GEM. Different from the meson
system, baryon is a typical three-body system. Thus, its
wave function can be extracted by solving the three-body

Schmdmger equatmn Here, the semirelativistic potentials
aaaaaaaaaaaaa imn Dafo e A71 mrhinh ara amealiad s tha
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TABLE III. The form factors for the Z, — EE.*} transitions in
TAETBRET

the standard light front quark model. Here, we adopt the form
defined in Eq. (4.1) for analyzing these form factors.

F{O) F(Qﬁmx) I’?I bl
=, = =2, V ~ A
it 0.481 1.015 0.970 0.233 ® fl 91
ry ~0.127 ~0.312 1.380 0.578 Voo A o
1y —0.046 ~0.097 1.187 0.875 ) ~ ~ 1
g 0.471 0.978 0.929 0.226 J1 (@inax) = 91 (Gmax)
7 —0.026 —0.068 1.318 0.122
7 —0.154 ~0.377 1.493 0.947
g, — £.(2970)

v 0.214 0.200 ~1.146 2.282

' - -
Y ~0.072 ~0.081 ~0.356 1.600 0=, > =.(2970)

y —0.111 ~0.221 1.444 0.168
q 0.204 0.186 —1.269 2.474 V2 — AA(A2 —
7 —0.087 —0.231 1.867 ~0.907 f 1 (qmax) g1 (qmax) 0

7 ~0.095 ~0.113 ~0.022 1.687
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TABLE V. The form factors for the Q;, — QE-*J transitions in the

standard light front quark model. We use a three parameter form i /%\ % *& F& —F N

defined in Eq. (4.1) for these form factors.

2 12
F(0) F(Gmax) b, by Vig? :1 lM M = 1.23
Q, - Q T dmas 3 " 3 MM T
- o
Y 0.493 1232 1.765 1.272 1M+ M
V(2 Y\ _
1y 0.436 1.075 1.658 1.001 £ (qmax) =-——7—=1.08,
v ~0.255 0.620 1.628 1.005 3 M
7 ~0.161 10.329 1.053 0.337 1M —M
7 0.011 0.018 0.822 1526 [ Gha) = —=——— = —041,
7 0.055 0.137 1.680 1.052 3
Q, - 0, (2) 2 y__1
v 0.180 0.163 ~1.135 3.320 9 (@ian) = 3
v 0.133 0.107 ~1.727 4.270
J2
v ~0.150 ~0.215 0.481 0.239 9 (qhax) = 95 (qhax) = 0,
7 ~0.058 ~0.047 ~1.701 3.487
. 0.029 0.053 1.455 0.772

7% 0.023 0.023 —-0.671 2.407
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TABLE VIII. Comparison of theoretical predictions for B(Z,~ — =5'M) and B(Q, — Q'M~). Here, all values should be
multiplied by a factor of 1073,

This work  Cheng [21]

Ivanov et al. [22,23]

Zhao [25]

Gutsche et al. [24]

Chua [27]

_t0
B~ —-E"r

=0~ _, ET'”,@‘
={,— E:—.{JK_
=0,— E}Hj K+
=l,= E:_r 0 D~
=0,~ Et! S
—=0,— Ej"” D:
20— _, g+0p«-

Q, — Qln~
— QVp~
Q, = QK-
Q, - QK™

4,03 (4.20)
13.3 (14.1)
0.31 (0.33)
0.71 (0.76)
0.58 (0.62)
1.51 (1.60)
14.8 (15.7)
32.4 (34.4)

2.82
7.92
0.22
0.41
0.52
0.48
13.5
9.73

7.08 (10.13)

8.37 (8.93)
24.0 (25.6)
0.667 (0.711)
1.23 (1.31)
0.949 (1.03)
1.54 (1.64)
24.6 (26.2)
36.5 (39.0)

4.00
10.8
0.326
0.544
0.636
0.511
17.1
11.7

3.661 72 (3.887

(.83
10.881 053

1107082

3.07173)
0.081 01
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0.1510 5%
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4.035 7
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TABLE V[E. T:e l;ranc]]';m g ratios and asymmetry parameters of the Z, — Z¢"' M transitions with M denoting a pseudoscalar or vector
meson, where the nchi 10 i = — I — . ,
ranching ratios out of or in brackets correspond to the E) — E! and E; — E! transitions, respectively.

Mode B(x107%) @ Mode B(x107%) a

i’%_ - %TEE__ o ~1.009 gy~ = Ep 13.3 (14.1) ~0.792
5 = fi.uK_ 0.31 (0.33) —1.000 By = Bk 0.71 (0.76) ~0.737
‘il[fi_ - i:—.{ID_ 0.58 (0.62) —(.983 Eg,— - E:—,{ID*_ 1.51 (1.60) 0239
o i’i_{,D"' . 48 (157 0978 gy~ = E'D}” 324 (34.4) —0.206
5 = ii.ﬂ{ZQ?O}E ] 1.78 (1.89) -0.999 20, £9(2970)p" 2.78 (2.95) —(.763
= = i“{zwo)f(_ 0.04 (0.05) -0.998 2" = E7Y(2970)K* 0.09 (0.10) ~0.702
5 = “{2971)).0_ 0.04 (0.05) -0.952 2 = 55(2970)D*" 0.12 (0.12) ~0.181
2, = E¢7(2970)D; 1.05 (1.12) —0.940 B - E1(2970)D;" 2.30 (2.45) —0.148
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TABLE VII. The branching rates and asymmetry parameters of &, — Q.M transitions with M denoting a pseudoscalar or vector
PmMeEson.

Mode B(x107?) a Mode B(x107) @
Q; = Qln~ 2.82 0.59 Q; — Qlp~ 7.92 0.61
Q, — QUK- 0.22 0.58 Q) — QUK 0.41 0.62
Qr — QD 0.52 0.49 Q; — QD" 0.48 0.69
Q; — Q'D; 13.5 0.47 Q; — Q!D;~ 9.73 0.70
Q, — QY28)7~ (.30 0.58 Q, — QU28)p~ 0.70 0.60
Q; — QV2S)K- 0.02 0.57 Q; - QU28)K* 0.03 0.60
Q; — Q)(28)D~ 0.03 0.45 Q; — Q) (28)D* 0.02 0.65
Q- — QY28)D; 0.62 0.43 Q; — QY28)D:~ 0.36 0.65
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"The naive factorization approach works well for the color-
allowed dominated processes. But, there exists the case that the
color-suppressed and penguin dominated processes can not be
explained by the naive factorization, which may show important
nonfactorizable contributions to nonleptonic decays [29]. As
indicated 1n Refs. [26,27,66], the nonfactorizable contributions 1n
bottom baryon nonleptonic decays are considerable comparing
with the factorized ones. Since a precise study of nonfactorizable
contributions is beyond the scope of the present work, we still
adopt the naive factorization approximation.
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