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P → P transition

〈
P ′′(p′′)|q̄′′1 γµq′1|P ′(p′)

〉
=

(
Pµ − M ′2 −M ′′2

q2
qµ
)
F1(q2)

+
M ′2 −M ′′2

q2
qµF0(q2) (1)
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P → S transition

〈
S ′′(p′′)|q̄′′1 γµγ5q

′
1|P ′(p′)

〉
= −

(
Pµ − M ′2 −M ′′2

q2
qµ
)
F1(q2)

−M ′2 −M ′′2

q2
qµF0(q2) (2)
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P → A transition

〈
A′′(p′′)|q̄′′1 γµγ5q

′
1|P ′(p′)

〉
= − iA(q2)

M ′ −M ′′
εµναβε

∗νPαqβ (3)

〈
A′′(p′′)|q̄′′1 γµq′1|P ′(p′)

〉
= (M ′ −M ′′)ε∗µV1(q2)− ε∗ · P

M ′ −M ′′
PµV2(q2)

+2M ′′
ε∗ · P
q2

qµ[V0(q2)− V3(q2)] (4)

V3(q2) =
M ′ −M ′′

2M ′′
V1(q2)− M ′ + M ′′

2M ′′
V2(q2) (5)
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F (q2) =
F (0)

(1− q2/M2
B,D)[1− a(q2/M2

B,D) + b(q2/M2
B,D)2]

(6)

F (q2) = F (0)[1 + a(q2/M2
B,D) + b(q2/M2

B,D)2] (7)

F (q2) =
F (0)

1− q2/MB,D
{1 +

N∑
k=1

bk [z(q2, t0)k − z(0, t0)k ]} (8)
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Table: the V-A current form factors of P → P(in unit of GeV)

F (0) a b

F
Ds→K(q,s̄)
1 0.63+0.09

−0.09 0.21+0.25
−0.18 0.07+0.11

−0.08

F
Ds→K(q,s̄)
0 0.63+0.09

−0.09 −0.68+0.86
−0.07 0.35+1.60

−0.02

F
D→K(s,q̄)
1 0.75+0.09

−0.09 0.15+0.24
−0.18 0.05+0.12

−0.08

F
D→K(s,q̄)
0 0.75+0.09

−0.09 −0.73+0.81
−0.06 0.34+1.70

−0.08

F
Ds→ηs (s,s̄)
1 0.73+0.09

−0.10 0.22+0.20
−0.15 0.08+0.10

−0.07

F
Ds→ηs (s,s̄)
0 0.73+0.09

−0.10 −0.65+0.65
−0.08 0.22+1.30

−0.13

F
ηc→D(q,c̄)
1 0.60+0.11

−0.11 0.42+0.14
−0.10 0.19+0.13

−0.07

F
ηc→D(q,c̄)
0 0.60+0.11

−0.11 −0.64+1.40
−0.24 0.18+3.80

−0.22

F
ηc→Ds (s,c̄)
1 0.73+0.11

−0.12 0.35+0.11
−0.09 0.18+0.12

−0.08

F
ηc→Ds (s,c̄)
0 0.73+0.11

−0.12 −0.98+2.40
−0.42 0.19+11.00

−0.14

F
Bc→B

(q,b̄)
1 0.56+0.10

−0.10 0.66+0.21
−0.14 0.40+0.02

−0.06

F
Bc→B

(q,b̄)
0 0.56+0.10

−0.10 −0.61+1.80
−0.32 0.25+6.60

−0.16

F
Bc→Bs (s,b̄)
1 0.66+0.10

−0.10 0.67+0.28
−0.23 0.39+0.01

−0.02

F
Bc→Bs (s,b̄)
0 0.66+0.10

−0.10 −0.80+3.40
−0.37 −0.57+23.00

−0.79
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Table: the V-A current form factors of P → M(in unit of GeV)

F (0) a b

F
ηb→B

(q,b̄)
1 0.07+0.03

−0.02 2.30+0.03
−0.01 4.70+0.36

−0.37

F
ηb→B

(q,b̄)
0 0.07+0.03

−0.02 1.80+0.05
−0.05 3.30+0.36

−0.38

F
ηb→Bs (s,b̄)
1 0.11+0.05

−0.03 2.20+0.02
−0.01 3.90+0.32

−0.32

F
ηb→Bs (s,b̄)
0 0.11+0.05

−0.03 1.70+0.05
−0.05 2.70+0.31

−0.32

F
ηb→S

(q,b̄)
1 0.12+0.05

−0.04 2.00+0.02
−0.00 4.20+0.40

−0.42

F
ηb→S(q,b̄)
0 0.12+0.05

−0.04 1.30+0.16
−0.13 2.60+0.39

−0.43

F
ηb→S

(s,b̄)
1 0.17+0.06

−0.05 2.00+0.01
−0.00 3.40+0.35

−0.35

F
ηb→S

(s,b̄)
0 0.17+0.06

−0.05 1.10+0.22
−0.18 1.90+0.28

−0.34
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F (0) a b

A
ηb→

1A
(q,b̄) 0.02+0.01

−0.01 2.30+0.00
−0.02 5.70+0.69

−0.72

V
ηb→

1A
(q,b̄)

0 0.13+0.05
−0.04 2.10+0.02

−0.04 4.70+0.65
−0.70

V
ηb→

1A
(q,b̄)

1 0.12+0.07
−0.05 2.30+0.03

−0.03 5.50+0.72
−0.75

V
ηb→

1A
(q,b̄)

2 −0.06+0.02
−0.02 2.50+0.05

−0.31 6.30+0.36
−1.90

A
ηb→

1A
(s,b̄) 0.02+0.01

−0.01 2.30+0.01
−0.01 4.60+0.51

−0.49

V
ηb→

1A
(s,b̄)

0 0.18+0.06
−0.05 2.10+0.00

−0.01 3.90+0.42
−0.42

V
ηb→

1A
(s,b̄)

1 0.18+0.10
−0.07 2.20+0.02

−0.02 4.30+0.47
−0.47

V
ηb→

1A
(s,b̄)

2 −0.09+0.02
−0.02 2.40+0.06

−0.07 5.20+0.16
−0.21

A
ηb→

3A
(q,b̄) 0.09+0.03

−0.03 2.00+0.05
−0.05 4.10+0.70

−0.74

V
ηb→

3A
(q,b̄)

0 0.02+0.01
−0.01 2.40+0.02

−0.00 6.50+0.62
−0.67

V
ηb→

3A
(q,b̄)

1 0.34+0.13
−0.11 1.30+0.25

−0.21 2.80+0.53
−0.65

V
ηb→

3A
(q,b̄)

2 0.07+0.02
−0.02 2.50+0.10

−0.09 1.90+0.12
−0.10

A
ηb→

3A
(s,b̄) 0.13+0.04

−0.04 2.00+0.03
−0.03 3.40+0.51

−0.48

V
ηb→

3A
(s,b̄)

0 0.03+0.01
−0.01 2.40+0.04

−0.02 5.20+0.36
−0.38

V
ηb→

3A
(s,b̄)

1 0.47+0.15
−0.13 1.00+0.28

−0.22 2.10+0.29
−0.37

V
ηb→

3A
(s,b̄)

2 0.09+0.02
−0.02 2.50+0.11

−0.09 2.00+0.13
−0.10
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F (q2) =
F (0)

(1− q2/M2
B,D

)[1− a(q2/M2
B,D

) + b(q2/M2
B,D

)2]
(9)
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F (q2) = F (0)[1 + a(q2
/M2

B,D ) + b(q2
/M2

B,D )2] (10)
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F (q2) =
F (0)

1− q2/MB,D

{1 +
N∑

k=1

bk [z(q2
, t0)k − z(0, t0)k ]} (11)
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Table: the V-A current form factors of P →1 A(in unit of GeV)

F (0) a b

A
B→1A(q,q̄) 0.12+0.03

−0.02 0.75+0.11
−0.08 0.18+0.05

−0.04

V
B→1A(q,q̄)
0 0.38+0.03

−0.03 0.35+0.19
−0.19 0.03+0.04

−0.02

V
B→1A(q,q̄)
1 0.20+0.05

−0.04 −0.01+0.04
−0.04 0.14+0.01

−0.01

V
B→1A(q,q̄)
2 −0.01+0.02

−0.02 −5× 1014 7× 1015

A

V0

V1

V2

-15 -10 -5 0 5 10 15
0.0

0.5

1.0

1.5

2.0

q2[GeV2]

F
B
→
1
A
(q
,q_
) (
q
2
)

x�
 P → P, S,1 A,3 A �[�/GÏf 12 / 14



Table: the V-A current form factors of P →3 A(in unit of GeV)

F (0) a b

A
D→3A(q,q̄) 0.25+0.05

−0.09 0.00+0.12
−0.06 0.02+0.10

−0.04

V
D→3A(q,q̄)
0 0.32+0.03

−0.04 0.19+0.25
−0.17 0.09+0.11

−0.07

V
D→3A(q,q̄)
1 0.84+0.18

−0.13 −1.70+0.83
−0.30 1.40+1.30

−0.32

V
D→3A(q,q̄)
2 0.06+0.07

−0.08 −1.70+0.94
−290.00 1.70+1.10

−5900.00

A
D→3A(s,q̄) 0.18+0.09

−0.13 −0.32+0.09
−2.00 0.24+0.04

−2.70

V
D→3A(s,q̄)
0 0.27+0.03

−0.05 0.09+0.21
−0.28 0.13+0.07

−0.07

V
D→3A(s,q̄)
1 0.69+0.04

−0.06 −2.40+0.69
−1.70 2.70+1.10

−3.50

V
D→3A(s,q̄)
2 −0.01+0.04

−0.04 1.7× 1010 1.6× 1016
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Table: Gegenbauer moments of pseudoscalar at µ=1GeV .

a1 a2 a3 a1 a2 a3

π 0 0.10 0 K 0.09 0.02 0.05

ηs 0 −0.06 0 D 0.57 0.11 0.02

Ds 0.48 0.03 −0.02 ηc 0 −0.33 0

B 1.10 0.81 0.42 Bs 1.06 0.72 0.31

Bc 0.69 0.09 −0.20 ηb 0 −0.41 0
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