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effective weak Hamiltonian
effective weak Hamiltonian responsible for Bd,s → DL decay induced by
b → cūq(q = s,d)

Heff =
GF√

2

∑
q=d,s

VcbV ∗uq

[
C1(µ)Q1(µ) + C2(µ)Q2(µ)

]
+h.c., (1)

Q1 = (c̄αbα)V−A(q̄βuβ)V−A, Q2 = (c̄αbβ)V−A(q̄βuα)V−A, (2)
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PPPCCC���ÌÌÌ333QCDÏÏÏfffzzzµµµeeeeee���LLL���ªªª
k��Î�rfÝ
�〈M1M2|Oi(µ)|B〉§éu�©¤�Ä�B0füN��
fPCL§§3­§�4�e§^QCDÏfzúª5O�

〈M1M2|Qi |B〉 =
∑

j

F B→M1
j fM2

∫
dy T I

ij (y)ϕM2(y) , (3)

�)+Þ?�z§Úº:?�ã§�*öÑ���Ïfz�A��z§¿�
�Ä���Ã�Or��g?���z§B0füN��fPC��Ì�L
�ª�±�¤

A(B→M1M2) =
GF√

2

∑
q=u,c

∑
i

vqαi(µ)〈M1M2|Qi |B〉F , (4)
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αi(M1M2) =

(
Ci +

Ci±1

Nc

)
Ni(M2) +

Ci±1

Nc

CFαs

4π

[
Vi(M2) +

4π2

Nc
Hi(M1M2)

]
, (5)
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LCDAs

MB = − ifB
4

[(p/B + mB)γ5]ΦB(ξ), (6)

M1 = MD
αβ = +

ifD
4

(
l/γ5ΦD(x)−mDγ5φD(x)

)
αβ

, (7)

M2 = MP
αβ =

ifP
4

(
p/γ5ΦP(x)− µPγ5

k/2k/1

k2 · k1
φp(x)

)
αβ

, (8)

(MV
‖ )αβ = − ifV

4

(
p/ΦV (x)−

mV f⊥V
fV

k/2k/1

k2 · k1
φv (x)

)
αβ

, (9)

MS
αβ =

fS
4

(
p/ΦS(x) + µS

k/2k/1

k2 · k1
φs(x)

)
αβ

, (10)

Zhao M.F. (Henan Normal University) B → DL decays November 12, 2022 8 / 16



9/16

PC�ÌL�ª
The hard-spectator corrections can be written as(B → DP)

Hi =ifBfM1 fM2παs
ΦB(ξ)

ξ

(
1− r2

D
){
−ΦD1(y)ΦP2(x)

[
r2
D + 1
x̄ ȳ

−
2r2

D
xȳ

]
+ φD1(y)ΦP2(x)

[
rD

x̄ ȳ
− rD

xȳ

]}
(11)

for i = 1− 4,9,10,

Hi = ifBfM1 fM2παs
ΦB(ξ)

ξ

(
1− r2

D
){

ΦD1(y)ΦP2(x)

[
2r2

D
x̄ ȳ
−

1 + r2
D

xȳ

]
− φD1(y)ΦP2(x)

[
rD

x̄ ȳ
− rD

xȳ

]}
(12)

for i = 5,7,
Hi = 0; for i = 6,8, (13)

where rD = mD/mB , x̄ = 1− x , ȳ = 1− y .
for B → DV ,Hi(DV ) = Hi(DP) i = 1− 4,9,10,

Hi (DV ) = −Hi(DP) i = 5,7,
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Bq → DqL decays:

A
(

B̄0
(s) → D+

(s)π
−
)

=AD+π−VcbV ∗udα1 (14)

A
(

B̄0
(s) → D+

(s)K
−
)

=AD+K−VcbV ∗usα1 (15)

A
(

B̄0
(s) → D+

(s)ρ
−
)

=AD+ρ−VcbV ∗udα1 (16)

A
(

B̄0
(s) → D+

(s)K
∗−
)

=AD+K∗−VcbV ∗usα1 (17)
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Ñ\ëê

1c§��.eO��/GÏf!X���ÝÚPC~ê(in units of MeV)

fD+ = 204.6, fD+
s

= 253.7, fBu,d = 186± 7,

F B→D
0 = 0.7, F BS→Ds

0 = 0.69, fBs = 224± 9,
D meson a0 = 1, a1 = 0.574, a2 = 0.106, a3 = 0.017,
Ds meson a0 = 1, a1 = 0.483, a2 = 0.025, a3 = −0.023,
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Table: The experimental results and theoretical predictions for |α1| with and without the HSS corrections taken
into account.

Decay modes T + V T + V + HSS T + V [1] T + V + HSS[1] NLO[2] NNLO[2] Exp.[2]
|α1(B̄0

d → D+K−)| 1.030 1.027 1.053 1.049 1.054+0.022
−0.019 1.070+0.010

−0.013 0.87± 0.06
|α1(B̄0

d → D+π−)| 1.031 1.028 1.054 1.051 1.054+0.022
−0.020 1.073+0.012

−0.014 0.89± 0.05
|α1(B̄0

s → D+
s K−)| 1.030 1.025 1.053 1.050

|α1(B̄0
s → D+

s π
−)| 1.031 1.026 1.054 1.051

|α1(B̄0
d → D+K∗−)| 1.030 1.027 1.054+0.022

−0.019 1.072+0.012
−0.014 0.99± 0.09

|α1(B̄0
d → D+ρ−)| 1.031 1.028 1.054+0.022

−0.019 1.072+0.012
−0.014 0.91± 0.08

|α1(B̄0
s → D+

s K∗−)| 1.030 1.026
|α1(B̄0

s → D+
s ρ

−)| 1.031 1.027
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Table: The branching fractions (in units of 10−3) of Bd,s → DL decays .

Decay modes NF T + V T + V + H FM Cai 1 Ref.[2] 2 Exp
B̄0

d → D+K− 0.318 0.324 0.322+0.015+0.021
−0.011−0.020 0.318 0.301+0.032

−0.031 0.208± 0.008
B̄0

d → D+π− 4.195 4.276 4.252+0.188+0.467
−0.133−0.442 4.20 3.93+0.43

−0.42 2.56± 0.13
B̄0

s → D+
s K− 0.314 0.319 0.316+0.014+0.021

−0.010−0.020 0.321 0.334+0.104
−0.090 0.241± 0.016

B̄0
s → D+

s π
− 4.138 4.217 4.182+0.185+0.459

−0.131−0.435 4.23 4.39+1.36
−1.19 2.85± 0.18

B̄0
d → D+K ∗− 0.488 0.497 0.494+0.022+0.039

−0.016−0.038 0.548 0.525+0.065
−0.063 0.46± 0.08

B̄0
d → D+ρ− 9.79 9.977 9.927+0.439+0.382

−0.310−0.375 10.98 10.42+1.24
−1.20 7.6± 1.2

B̄0
s → D+

s K ∗− 0.482 0.491 0.487+0.022+0.039
−0.016−0.038

B̄0
s → D+

s ρ
− 9.661 9.845 9.779+0.433+0.376

−0.306−0.369

1JHEP 10 (2021) 235
2JHEP 09 (2016) 112
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Table: The branching fractions (in units of 10−3) of Bd,s → DL decays .

Decay modes T + V T + V + H | H
T +V +H |

B̄0
d → D+K− 0.324 0.322+0.015+0.021

−0.011−0.020 0.006
B̄0

d → D+π− 4.276 4.252+0.188+0.467
−0.133−0.442 0.006

B̄0
s → D+

s K− 0.319 0.316+0.014+0.021
−0.010−0.020 0.009

B̄0
s → D+

s π
− 4.217 4.182+0.185+0.459

−0.131−0.435 0.009
B̄0

d → D+K ∗− 0.497 0.494+0.022+0.039
−0.016−0.038 0.006

B̄0
d → D+ρ− 9.977 9.927+0.439+0.382

−0.310−0.375 0.005
B̄0

s → D+
s K ∗− 0.491 0.487+0.022+0.039

−0.016−0.038 0.008
B̄0

s → D+
s ρ
− 9.845 9.779+0.433+0.376

−0.306−0.369 0.007
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