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B(1/2)→ B(1/2) fPC/GÏf

½Âµ

〈
B′
(
P
′
, J
′
z

) ∣∣q̄γµQ∣∣B (P, Jz)
〉

= ū
(
P
′
, J
′
z

) fV1 (
q
2
)
γµ + i

fV2

(
q2
)

M +M′
σµνq

ν
+
fV3

(
q2
)

M +M′
qµ

u (P, Jz) , (1)

〈
B′
(
P
′
, J
′
z

) ∣∣q̄γµγ5Q
∣∣B (P, Jz)

〉
= ū

(
P
′
, J
′
z

) gA1 (
q
2
)
γµ + i

gA2

(
q2
)

M −M′
σµνq

ν
+
gA3

(
q2
)

M −M′
qµ

 γ5u (P, Jz) , (2)

é/GÏf�a��mòÿ§À^ëêz�.�§

F
(
q
2
)

=
F (0)(

1− q2/M2
pole

) [
1− a

(
q2/M2

pole

)
+ b

(
q2/M2

pole

)2] . (3)
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f
V
1

(
q
2
)

=

∫
dxd2k⊥

2(2π)3

φ′∗
nL′

(
x′, k′⊥

)
φ1L (x, k⊥)

16xP+P ′+
√(
k′1 · P̄ ′ +m′1M

′
0

) (
k1 · P̄ +m1M0

)
× Tr

[(
6 P̄ +M0

)
γ

+
(
6 P̄ ′ +M

′
0

)
Γ̄L′S[qq]J

′
l

(
6k′1 +m

′
1

)
γ

+
(6k1 +m1) ΓLS[qq]Jl

]
, (4)

f
V
2

(
q
2
)

=
−i(M +M′)qi⊥

q2
⊥

∫
dxd2k⊥

2(2π)3

φ′∗
nL′

(
x′, k′⊥

)
φ1L (x, k⊥)

16xP+P ′+
√(
k′1 · P̄ ′ +m′1M

′
0

) (
k1 · P̄ +m1M0

)
× Tr

[(
6 P̄ +M0

)
σ
i+

(
6 P̄ ′ +M

′
0

)
Γ̄L′S[qq]J

′
l

(
6k′1 +m

′
1

)
γ

+
(6k1 +m1) Γ

LS[qq]Jl

]] , (5)

g
A
1

(
q
2
)

=

∫
dxd2k⊥

2(2π)3

φ′∗
nL′

(
x′, k′⊥

)
φ1L (x, k⊥)

16xP+P ′+
√(
k′1 · P̄ ′ +m′1M

′
0

) (
k1 · P̄ +m1M0

)
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)
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(
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′
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l

(
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)
γ
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]] , (6)

g
A
2

(
q
2
)

=
i(M −M′)qi⊥

q2
⊥

∫
dxd2k⊥

2(2π)3

φ′∗
nL′

(
x′, k′⊥

)
φ1L (x, k⊥)

16xP+P ′+
√(
k′1 · P̄ ′ +m′1M

′
0

) (
k1 · P̄ +m1M0

)
× Tr

[(
P̄ +M0

)
σ
i+
γ5

(
P̄
′

+M
′
0

)
Γ̄L′S[qq]J

′
l

(
6k′1 +m

′
1

)
γ

+
γ5 (6k1 +m1) ΓLS[qq]Jl

]
, (7)
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Ôn/GÏf�Iþdi-§�Ú¶¥di-§��[/GÏf��5|Ü[3]§

[ form factor ]
physical

(
q
2
)

= cS × [ form factor ]S + cA × [ form factor ]A

Ù¥cS ÚcA©O´f�IþÚ¶¥þdi- §�UÏf§lfÐ�Ú"����g^Å¼êí���"

rfÝ
��±U��§ 〈
B′
∣∣jµ∣∣B〉 =cS

〈
q1 [q2q3]S

∣∣jµ∣∣ q1 [q2q3]S
〉

+ cA
〈
q1 [q2q3]A

∣∣jµ∣∣ q1 [q2q3]A
〉
.

Ξ
′+
c =

1
√

2

(
−c (us)A − c (su)A

)
,

Λ =
1

2
√

6

(√
3d(us)A +

√
3d(su)A −

√
3u(ds)A −

√
3u(sd)A

+2s(ud)S − 2s(du)S + d(us)S − d(su)S − u(ds)S + u(sd)S) .

Ξ
+
c =

1
√

2

(
c (us)S − c (su)S

)
,

Σ
0

=
1

2
√

6
(2s(ud)A + 2s(du)A − d(us)A − d(su)A − u(ds)A − u(sd)A

+
√

3u(ds)S −
√

3u(sd)S +
√

3d(us)S −
√

3d(su)S

)
,

éuBq1q1q2
(
Σ− (q1, q2) = (d, s), Ξ0,−(q1, q2) = (s, u), (s, d)

)
§Kk

Bq1q1q2 =
1

2
√

3

(
−q1 (q1q2)A − q1 (q2q1)A + 2q2 (q1q1)A +

√
3q1 (q1q2)S −

√
3q1 (q2q1)S

)
.

Ξ+
c → Λ ,Σ0 ,Ξ0, cS = 1

2
√

3
, 1

2
,− 1√

2
; cA = 0 .

Ξ0
c → Σ− ,Ξ−, cS = 1√

2
,− 1√

2
; cA = 0 .

Ξ′0c → Λ ,Σ0 ,Ξ0, cS = 0 ; cA = − 1
2
, 1

2
√

3
, 1√

6
.

Ξ′0c → Σ− ,Ξ−, cS = 0 ; cA = 1√
6
, 1√

6
.

[3]X. H. Hu, R. H. Li and Z. P. Xing, Eur. Phys. J. C 80 (2020) no.4, 320.
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Heff =
GF√

2

(
V
∗
cs [s̄γµ (1− γ5) c] [v̄γ
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(1− γ5) l]

+ V
∗
cd

[
d̄γµ (1− γ5) c

]
[v̄γ

µ
(1− γ5) l]

)
(8)

��L§�©PC°Ýµ

dΓ

dq2
=

dΓL

dq2
+

dΓT

dq2
. (9)

Ù¥§

dΓL

dq2
=
G2
F |VCKM |

2

(2π)3

q2|~P ′|
24M2

(∣∣∣∣H 1
2
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∣∣∣∣H− 1
2
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dq2
=
G2
F |VCKM |
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(2π)3
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( ∣∣∣∣H 1
2
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∣∣∣∣2 +
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2
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P · P ′ ±MM′
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M ±M′

)2 − q2§ùp�f�þ�ÑØO§=l = e, µ"
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1

2
,0 = −i

√
Q−√
q2

((
M +M

′)
f1 −

q2

M +M ′
f2

)
= H

V
− 1

2
,0, (10)

H
V
1

2
,1 = i

√
2Q− (−f1 + f2) = H

V
− 1

2
,−1, (11)

H
A
1

2
,0 = −i

√
Q+√
q2
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)
g1 +

q2
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g2

)
= −HA

− 1

2
,0, (12)

H
A
1
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,1 = i

√
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− 1

2
,−1. (13)
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Table 1: Masses of baryons (in units of GeV).

baryon Λ Σ+ Σ0 Ξ+ Ξ0 Ξ+
c Ξ0

c Ξ′+c Ξ′0c
mass 1.116 1.197 1.193 1.322 1.315 2.468 2.470 2.578 2.579

Table 2: The values of Gaussian parameters β and the di-quark masses,q = u, d (in units of GeV).

di-quark βq[sq] βs[sq] βc[sq] m[sq]

S 0.41 0.46 0.58 0.60

A 0.37 0.44 0.54 0.87

|©§��þµ

mq = 0.25GeV, ms = 0.37GeV, mc = 1.4GeV.

¤�~êÚCKM Ý
�:

GF = 1.167× 10−5GeV−2, |Vcd| = 0.225, |Vcs| = 0.974,

τ
Ξ

+
c

= 4.53× 10−13s, τ
Ξ0
c

= 1.52× 10−13s.
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Table 3: The transition form factors of Ξc with scalar (0+)

diquarks.

F F (0) a b F F (0) a b

Ξc → Λ f1 0.72 −0.14 0.14 g1 0.61 −0.33 0.24

f2 −0.61 0.23 0.06 g2 −0.03 0.61 0.08

Ξc → Σ f1 0.72 −0.12 0.12 g1 0.61 −0.33 0.25

f2 −0.63 0.23 0.07 g2 −0.03 0.81 0.18

Ξc → Ξ f1 0.80 −0.14 0.14 g1 0.69 −0.34 0.28

f2 −0.66 0.22 0.07 g2 −0.03 0.61 0.08

Table 4: The transition form factors of Ξ′c with the axial vector

(1+) diquarks.

F F (0) a b F F (0) a b

Ξ′c → Λ f1 0.62 −0.81 0.77 g1 −0.18 0.24 −0.47

f2 0.90 −0.13 0.43 g2 0.02 2.02 7.35

Ξ′c → Σ f1 0.62 −0.83 0.83 g1 −0.18 0.26 −0.51

f2 0.92 −0.14 0.45 g2 0.02 2.22 7.29

Ξ′c → Ξ f1 0.74 −0.87 0.93 g1 −0.22 0.10 −0.48

f2 1.08 −0.18 0.47 g2 0.02 1.81 8.93
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Figure 1: The q2 dependence of transition form factors of Ξc with the scalar (0+) diquarks.
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Figure 2: The q2 dependence of transition form factors of Ξ′c with the axial vector (1+) diquarks.
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Table 5: Decay widths of Γ(Ξ′(+,0)
c → Ξ(+,0)

c γ) transitions(in units of keV).

LQCD [4] HHCPT [5] LCQCD SR [6] LC SR [7] RTQM [8] HHCPT [9]

Γ(Ξ′+c → Ξ+
c γ) 5.468 5.43 0.700 8.50 12.70 54.31

Γ(Ξ′0c → Ξ0
cγ) 0.002 0.46 0.002 0.27 0.17 0.02

Table 6: Semi-leptonic decays for charmed baryons Ξc.

channels Γ(GeV) B ΓL/ΓT

Ξ+
c → Λl+νl 1.30× 10−15 8.98× 10−4 1.71

Ξ+
c → Σ0l+νl 2.90× 10−15 2.01× 10−3 1.80

Ξ+
c → Ξ0l+νl 8.12× 10−14 8.12× 10−2 1.92

Ξ0
c → Σ−l+νl 6.93× 10−15 1.61× 10−3 1.83

Ξ0
c → Ξ−l+νl 8.00× 10−14 1.86× 10−2 1.93

Table 7: Semi-leptonic decays for charmed baryons Ξ′c, we choose

numerical results for Γ(Ξ′c → Ξcγ) in the LQCD.

channels Γ(GeV) B ΓL/ΓT

Ξ′+c → Λl+νl 1.28× 10−15 2.35× 10−10 3.78

Ξ′+c → Σ0l+νl 3.33× 10−16 6.08× 10−11 4.30

Ξ′+c → Ξ0l+νl 1.14× 10−14 2.08× 10−9 5.82

Ξ′0c → Σ−l+νl 6.57× 10−16 3.29× 10−7 4.29

Ξ′0c → Ξ−l+νl 1.12× 10−14 5.59× 10−6 5.87
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