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Outline ïÄÄÅ B(1/2)→ B(1/2) >^PC/GÏf Å¼ê ê�(J
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Outline ïÄÄÅ B(1/2)→ B(1/2) >^PC/GÏf Å¼ê ê�(J

LF QM O�B(1/2)→ B(1/2) >^PC/GÏf

Figure 1: The electromagnetic couplings of the baryons. The left and right panels show the contribution from

the quark and diquarks.

>^/GÏf½Âµ〈
B′

(
p′, s′

)
|Jµ(0)| B(p, s)

〉
= ū

(
p′, s′

) [
γµF1

(
q2

)
+

iσµvqv

M + M′
F2

(
q2

)]
u(p, s). (1)

Ù¥F1

(
q2
)
, F2

(
q2
)
©O´Dirac/GÏfÚPauli/GÏf">^6Jµ = q̄ Γµ q§�J1fÍÜº�Γµ [1,2]§

Γ
µ
QγQ

=eQγ
µ (2)

Γ
µ
SγS

=−
i

3
(k1 + k′1)µ (3)

Γ
µ
AγA

=ieA

{
gαβ (k1 + k′1)µ −

[
(1 + κ)k1β − (κ + ξ)k′1β

]
gµα −

[
(1 + κ)k′1α − (κ + ξ)k1α

]
g
µ
β

}
(4)

[1]J. He and Y. b. Dong, J. Phys. G 32 (2006), 189-202.

[2]T. D. Lee and C. N. Yang, Phys. Rev. 128 (1962), 885-898.
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Outline ïÄÄÅ B(1/2)→ B(1/2) >^PC/GÏf Å¼ê ê�(J

>^/GÏf

XJ��1fl§�QË�Ñ§(Fig. 1�ã), /GÏfFQ (q2)§

F1Q

(
q2
)

=eQ

∫
dxd2k⊥

2(2π)3

φ′∗1s
(
x′, k′⊥

)
φ1s (x, k⊥)

16xP+P′+
√(

k′1 · P̄
′ + m′1M

′
0

) (
k1 · P̄ + m1M0

)
× Tr

[(
6 P̄ + M0

)
γ

+
(
6 P̄′ + M′0

)
Γ̄′s00(s11)

(
6k′1 + m′1

)
γ

+ ( 6k1 + m1) Γs00(s11)

]
,

(5)

F2Q

(
q2
)

=eQ ·
−i(M + M′)qi⊥

q2
⊥

∫
dxd2k⊥

2(2π)3

φ′∗1s
(
x′, k′⊥

)
φ1s (x, k⊥)

16xP+P′+
√(

k′1 · P̄
′ + m′1M

′
0

) (
k1 · P̄ + m1M0

)
× Tr

[(
6 P̄ + M0

)
σ
i+
(
6 P̄′ + M′0

)
Γ̄′s00(s11)

(
6k′1 + m′1

)
γ

+ ( 6k1 + m1) Γs00(s11)

]
,

(6)

Ù¥§diquark�S�§Γs00 (k1, k2) = 1¶

diquark�A�§Γs11 (k1, k2, λ2) =
γ5√

3

(
6ε∗LF (k2, λ2)− M0+m1+m2

P̄·k2+m2M0
ε∗LF (k2, λ2) · P̄

)
"

;�Å¼êµϕn=1,L=S (k⊥, β) = 4( π
β2 )

3
4 exp(−

k2
z +k2
⊥

2β2 )"
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Outline ïÄÄÅ B(1/2)→ B(1/2) >^PC/GÏf Å¼ê ê�(J

>^/GÏf

XJ��1fldi-§�S(A)Ë�Ñ§(Fig. 1mã), /GÏfFS(A)(q2)§

F1S(A)

(
q2
)

=

∫
dxd2k⊥

2(2π)3

φ′∗1s
(
x′, k′⊥

)
φ1s (x, k⊥)

16x̄P+P′+
√(

k2 · P̄′ + m2M
′
0

) (
k2 · P̄ + m2M0

)
× Tr

[(
6 P̄ + M0

)
γ

+
(
6 P̄′ + M′0

)
Γ̄′
L′S[qq]J

′
l

( 6k2 + m2) ΓLS[qq]Jl
· Γ+

S(A)

]
, (7)

F2S(A)

(
q2
)

= ·
−i(M + M′)qi⊥

q2
⊥

∫
dxd2k⊥

2(2π)3

φ′∗1s
(
x′, k′⊥

)
φ1s (x, k⊥)

16x̄P+P′+
√(

k2 · P̄′ + m2M
′
0

) (
k2 · P̄ + m1M0

)
× Tr

[(
6 P̄ + M0

)
σ
i+
(
6 P̄′ + M′0

)
Γ̄′
L′S[qq]J

′
l

( 6k2 + m2) ΓLS[qq]Jl
· Γ+

S(A)

]
, (8)

��§�±��§

F1(q2) = F1Q (q2) + F1S(A)(q2), (9)

F2(q2) = F2Q (q2) + F2S(A)(q2). (10)
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Outline ïÄÄÅ B(1/2)→ B(1/2) >^PC/GÏf Å¼ê ê�(J

��g^Å¼ê

Ôn/GÏf�Iþdi-§�Ú¶¥di-§��[/GÏf��5|Ü[3]§

[ form factor ]physical
(
q2

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

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

^Å¼êí���"

rfÝ
��±U��§〈
Ξc |jµ|Ξc

′+〉
=cS

〈
q1 [q2q3]S |jµ| q1 [q2q3]S

〉
+ cA

〈
q1 [q2q3]A |jµ| q1 [q2q3]A

〉
.

q1 = c, cS = 0 , cA = 0 .

q1 = s, cS = −
√

3
4
, cA =

√
3

4
.

q1 = u, cS =
√

3
4
, cA = −

√
3

4
.

[3]X. H. Hu, R. H. Li and Z. P. Xing, Eur. Phys. J. C 80 (2020) no.4, 320.
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Outline ïÄÄÅ B(1/2)→ B(1/2) >^PC/GÏf Å¼ê ê�(J

Ñ\ëê

Ξ
+(0)
c ÚΞ

′+(0)
c ��þ(GeV )

Ξ+
c = 2.468 , Ξ0

c = 2.471 , Ξ′+c = 2.578 , Ξ′0c = 2.579 .

§��þ(GeV )

mu(d) = 0.23 , ms = 0.43 , mc = 1.6 , mb = 4.9 .

diquark [cu(cd)] Ú[cs] ��þCq�mc + mu(d) Úmc + ms"

βq1[q2q3]

du­-�diquark�­­§�LyÑ�ôÚn­���§¤±ü­��­fÅ¼ê

¥β ëêCq�u�A0fÅ¼ê¥βëê [4]"

βu[cs] = 0.473 , βs[cq] = 0.543 .

diquark >Ö: e[q1q2] = eq1 + eq2

¶¥¥þdiquark�^Ý�~�z: κ = 1.6 [5].

[4]W. Wang, F. S. Yu and Z. X. Zhao, Eur. Phys. J. C 77, no.11, 781 (2017)

[5]V. Keiner, Phys. Rev. C 54, 3232-3239 (1996)

8 / 14



Outline ïÄÄÅ B(1/2)→ B(1/2) >^PC/GÏf Å¼ê ê�(J

ê�(J

­f�PC°ÝB → B′γ��/GÏfF2(0) k',

Γ(B → B′γ) =
4α | ~q |3

(M + M′)2
| F2(0) |2 (11)

1fÄþ| ~q |= M2−M′2
2M

"

q1 = s, [q2q3] = [cu]

F
Ξ′+c →Ξ+

c
1 (0) = −12.57/− 5.07 , F

Ξ′+c →Ξ+
c

2 (0) = −3.35/− 10.29 (12)

F
Ξ′0c →Ξ0

c
1 (0) = −3.78/3.72 , F

Ξ′0c →Ξ0
c

2 (0) = 0.54/− 6.41 (13)

Γ
Ξ′+c →Ξ+

c γ
= 1.60 ∗ 10−5

/1.52 ∗ 10−4
GeV (14)

Γ
Ξ′0c →Ξ0

cγ
= 0.39 ∗ 10−6

/5.56 ∗ 10−5
GeV (15)

q1 = u, [q2q3] = [cs]

F
Ξ′+c →Ξ+

c
1 (0) = 1.16/39.34 , F

Ξ′+c →Ξ+
c

2 (0) = 6.35/− 22.62 (16)

F
Ξ′0c →Ξ0

c
1 (0) = 6.12/− 12.97 , F

Ξ′0c →Ξ0
c

2 (0) = −1.12/13.38 (17)

Γ
Ξ′+c →Ξ+

c γ
= 5.78 ∗ 10−5

/7.32 ∗ 10−4
GeV (18)

Γ
Ξ′0c →Ξ0

cγ
= 1.68 ∗ 10−6

/2.42 ∗ 10−4
GeV (19)
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Outline ïÄÄÅ B(1/2)→ B(1/2) >^PC/GÏf Å¼ê ê�(J

Table 1: >^PCΞ
′+(0)
c → Ξ

+(0)
c γ PC°Ý(ü µkeV )

decay Ξ′+c → Ξ+
c γ Ξ′0c → Ξ0

cγ Σ+
c → Λ+

c γ

this work(diquark[cu]]) 16/152 0.39/55.6 106

this work(diquark[cs]/[cd ]) 57.8/732 1.68/242 187

Chiral Lagrangians 19.7 0.4 91.5

Chiral Perturbation 5.43 0.46 65.6

Non-Relativistic Quark Potential Model 14.00 0.33 120

Relativistic Three-Quark Model 12.7 0.17 60.7

Bag Model 17.3 0.185 74.1

LC SR 8.5 0.27 50

LQCD 5.468 0.002 −
Effective Quark Mass Scheme 21.4 0.34 93.5
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Outline ïÄÄÅ B(1/2)→ B(1/2) >^PC/GÏf Å¼ê ê�(J

Table 2: >^PCΞ′−b → Ξ−b γ PC°Ý(ü µkeV )

decay Ξ′−b → Ξ−b γ

this work(diquark[cd ]]) 78.8

this work(diquark[cs]) 138

Bag Model 0.118

Bag Model 0.357

Chiral Perturbation 1.00

LC SM 3.3
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Outline ïÄÄÅ B(1/2)→ B(1/2) >^PC/GÏf Å¼ê ê�(J

'udiquark Ë�1f

�ã§rfÝ
�

F1Q

(
q2
)

=eQ

∫
dxd2k⊥

2(2π)3

φ′∗1s
(
x′, k′⊥

)
φ1s (x, k⊥)

16xP+P′+
√(

k′1 · P̄
′ + m′1M

′
0

) (
k1 · P̄ + m1M0

)
× Tr

[(
6 P̄ + M0

)
γ

+
(
6 P̄′ + M′0

)
Γ̄
′µ
s11

(
6k′1 + m′1

)
γ

+ ( 6k1 + m1) Γνs11

]
· ε∗µ(k2) · εν (k2) (20)

mã§rfÝ
�

F1A

(
q2
)

=

∫
dxd2k⊥

2(2π)3

φ′∗1s
(
x′, k′⊥

)
φ1s (x, k⊥)

16x̄P+P′+
√(

k2 · P̄′ + m2M
′
0

) (
k2 · P̄ + m2M0

)
× Tr

[(
6 P̄ + M0

)
γ

+
(
6 P̄′ + M′0

)
Γ̄
′µ
s11 ( 6k2 + m2) Γνs11 · Γ+

µν (A)
]

(21)
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Outline ïÄÄÅ B(1/2)→ B(1/2) >^PC/GÏf Å¼ê ê�(J

'udiquark Ë�1f

�ã§rfÝ
�

F1Q

(
q2
)

=eQ

∫
dxd2k⊥

2(2π)3

φ′∗1s
(
x′, k′⊥

)
φ1s (x, k⊥)

16xP+P′+
√(

k′1 · P̄
′ + m′1M

′
0

) (
k1 · P̄ + m1M0

)
× Tr

[(
6 P̄ + M0

)
γ

+
(
6 P̄′ + M′0

)
Γ̄
′µ
s11

(
6k′1 + m′1

)
γ

+ ( 6k1 + m1) Γνs11

]
· (−gµν +

k2µk2ν

m2
2

)

(22)

mã§rfÝ
�

F1A

(
q2
)

=

∫
dxd2k⊥

2(2π)3

φ′∗1s
(
x′, k′⊥

)
φ1s (x, k⊥)

16x̄P+P′+
√(

k2 · P̄′ + m2M
′
0

) (
k2 · P̄ + m2M0

)
× Tr

[(
6 P̄ + M0

)
γ

+
(
6 P̄′ + M′0

)
Γ̄′s11 ( 6k2 + m2) Γs11 · ε

∗µ · Γ+
µν (A) · εν

]
(23)
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光前夸克模型中介子衰变常数的流分量，
极化矢量和参考系独立性分析

汇报人：王丽婷
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文献：arXiv：2210.12780



2

◆研究动机

◆研究发现

◆分析与讨论

文献： arXiv：2210.12780



3

研究动机

1 存在问题

在光前夸克模型（LF QM）中，采用不同的流分量计算非微扰物理

量，不是总能得到相同的结果，存在自恰性问题。

2 在以前的一些LF QM自洽性研究工作中，发现：在壳条件（介子正

反夸克在壳），用介子不变质量𝑀0替换物理介子质量𝑀：𝑀 → 𝑀0，

可解决模型自洽性问题。



𝑀 ≔ 𝑀0 + 𝑉𝑄 ത𝑄

4

研究发现： The Bakamjian-Thomas (BT) construction

自洽性条件：𝑀 → 𝑀0



5

衰变常数：

定义



6

分析与讨论



7

分析与讨论

෨𝒪𝑉
(𝑇)

= 𝒪𝑉
𝑇
𝐽𝑧 = 1 − 𝒪𝑉

𝑇
𝐽𝑧 = 0

=
2

𝒟0
(𝑘⊥

2 − 2𝑘𝑧
2)

定义：



8

分析与讨论



9

分析与讨论

定义：

反对称： ℱ− 0 = ℱ+ 0
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谢谢！



11

Dirac  spinors:

研究方法

文献：arXiv：2210.12780

The spin wave functions:

P:

V:
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