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J+(x)¨¨��¡f6

J−(x) = iγ5J
+(x)¨¨K�¡f6

iγ5¨¨UC�¡
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Π±(p) = i

∫
d4xeip·x〈0|T

{
J±(x)J̄±(0)

}
|0〉 ,

Π±
µν(p) = i

∫
d4xeip·x〈0|T

{
J±

µ (x)J̄±
ν (0)

}
|0〉 .

J±(x)¨¨g^1
2f6

J±
µ (x)¨¨g^3

2f6

�K�¡'é¼ê�'X

Π−(p) = −γ5Π
+(p)γ5 ,

Π−
µν(p) = −γ5Π

+
µν(p)γ5 .
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〈0|J+(0)|B±(p)〉〈B±(p)|J̄+(0)|0〉 = −γ5〈0|J−(0)|B±(p)〉〈B±(p)|J̄−(0)|0〉γ5 ,

〈0|J+
µ (0)|B∗

±(p)〉〈B∗
±(p)|J̄+

ν (0)|0〉 = −γ5〈0|J−
µ (0)|B∗

±(p)〉〈B∗
±(p)|J̄−

ν (0)|0〉γ5 ,

〈0|J+
µ (0)|B±(p)〉〈B±(p)|J̄+

ν (0)|0〉 = −γ5〈0|J−
µ (0)|B±(p)〉〈B±(p)|J̄−

ν (0)|0〉γ5 ,

where

〈0|J±(0)|B±(p)〉 = λ±U(p, s) ,

〈0|J±
µ (0)|B∗

±(p)〉 = λ±Uµ(p, s) ,

〈0|J±
µ (0)|B∓(p)〉 = λ∓

(
γµ − 4

pµ

M∓

)
U(p, s) ,

the λ± are the pole residues and M± are the masses, and the spinor U(p, s) satisfies the usual
Dirac equation (6p−M±)U(p) = 0.
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Π+(p) = λ2
+
6p + M+

M2
+ − p2 + λ2

−
6p−M−

M2
− − p2 + · · · ,

Π+
µν(p) = −λ2

+
6p + M+

M2
+ − p2gµν − λ2

−
6p−M−

M2
− − p2gµν + · · · = −Π+(p)gµν + · · · ,

XJ�n�¥þ~p = 0§@4

limitε→0
ImΠ+(p0 + iε)

π
= λ2

+
γ0 + 1

2
δ(p0 −M+) + λ2

−
γ0 − 1

2
δ(p0 −M−) + · · ·

= γ0A(p0) + B(p0) + · · · , (1)

where

A(p0) =
1

2

[
λ2

+δ(p0 −M+) + λ2
−δ(p0 −M−)

]
,

B(p0) =
1

2

[
λ2

+δ(p0 −M+)− λ2
−δ(p0 −M−)

]
, (2)

A(p0) + B(p0)éA��¡f
A(p0) −B(p0)éAK�¡f
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Ú\�¼êexp
[
− p2

0

T 2

]
Úp2

0 exp
[
− p2

0

T 2

]
λ2
± exp

[
−

M2
±

T 2

]
=

∫ √
s0

∆
dp0

[
ρA(p0)± ρB(p0)

]
exp

[
− p2

0

T 2

]
, (3)

λ2
±M2

± exp

[
−

M2
±

T 2

]
=

∫ √
s0

∆
dp0

[
ρA(p0)± ρB(p0)

]
p2

0 exp

[
− p2

0

T 2

]
, (4)

s0´ëYK�ëê§T 2´Ù4�ëê§ρA(p0)ÚρB(p0)´QCD�gþ�Ì�Ý.
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T 2(GeV2)

√
s0(GeV) 4:� �6�

Λc(
1
2
+
) 1.7− 2.7 3.1 (46− 83)% (47− 73)%

Ξc(
1
2
+
) 1.9− 2.9 3.2 (46− 79)% (59− 77)%

Λb(
1
2
+
) 4.3− 5.3 6.5 (46− 67)% (58− 72)%

Ξb(
1
2
+
) 4.4− 5.4 6.5 (45− 64)% (62− 73)%

Λc(
1
2
−
) 2.2− 3.2 3.4 (49− 77)% (70− 84)%

Ξc(
1
2
−
) 2.4− 3.4 3.5 (49− 75)% (76− 86)%

Λb(
1
2
−
) 4.7− 5.7 6.7 (49− 67)% (69− 80)%

Ξb(
1
2
−
) 5.0− 6.0 6.8 (49− 65)% (75− 83)%
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T 2(GeV2)

√
s0(GeV) M(GeV) λ(GeV3) M(GeV) PDG

Λc(
1
2
+
) 1.7− 2.7 3.1± 0.1 2.26± 0.27 0.022± 0.008 2.28646

Ξc(
1
2
+
) 1.9− 2.9 3.2± 0.1 2.44± 0.23 0.027± 0.008 2.4678/2.47088

Λb(
1
2
+
) 4.3− 5.3 6.5± 0.1 5.65± 0.20 0.030± 0.009 5.6202

Ξb(
1
2
+
) 4.4− 5.4 6.5± 0.1 5.73± 0.18 0.032± 0.009 5.7924

Λc(
1
2
−
) 2.2− 3.2 3.4± 0.1 2.61± 0.21 0.035± 0.009 2.5954

Ξc(
1
2
−
) 2.4− 3.4 3.5± 0.1 2.76± 0.18 0.042± 0.009 2.7891/2.7918

Λb(
1
2
−
) 4.7− 5.7 6.7± 0.1 5.85± 0.18 0.042± 0.012 ?

Ξb(
1
2
−
) 5.0− 6.0 6.8± 0.1 6.01± 0.16 0.051± 0.012 ?
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T 2(GeV2)
√

s0(GeV) M(GeV) λ(GeV3) M(GeV)(experimental)
Ωb 5.2− 6.2 6.8± 0.1 6.11± 0.16 0.134± 0.030 6.165/6.0544
Ξ′

b 4.9− 5.9 6.7± 0.1 5.96± 0.17 0.079± 0.020 ?
Σb 4.6− 5.6 6.6± 0.1 5.80± 0.19 0.062± 0.018 5.8078/5.8152
Ωc 2.2− 3.2 3.4± 0.1 2.70± 0.20 0.093± 0.023 2.6952
Ξ′

c 2.0− 3.0 3.3± 0.1 2.56± 0.22 0.055± 0.016 2.5756/2.5779
Σc 1.8− 2.8 3.2± 0.1 2.40± 0.26 0.045± 0.015 2.454
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T 2(GeV2)
√

s0(GeV) M(GeV) λ(GeV3) M(GeV)(PDG)
Ω∗

b 5.3− 6.3 6.9± 0.1 6.17± 0.15 0.083± 0.018 ?
Ξ∗

b 5.0− 6.0 6.8± 0.1 6.02± 0.17 0.049± 0.012 ?
Σ∗

b 4.6− 5.6 6.7± 0.1 5.85± 0.20 0.038± 0.011 5.833
Ω∗

c 2.4− 3.4 3.5± 0.1 2.79± 0.19 0.056± 0.012 2.766
Ξ∗

c 2.2− 3.2 3.4± 0.1 2.65± 0.20 0.033± 0.008 2.646
Σ∗

c 2.0− 3.0 3.3± 0.1 2.48± 0.25 0.027± 0.008 2.518
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Ξcc Ωcc Ξbb Ωbb

PDG 3.5189 ? ? ?
This work 3.57± 0.14 3.71± 0.14 10.17± 0.14 10.32± 0.14

• 3
2
+
n�Vìf��þ(GeV)

Reference Ξ∗
cc Ω∗

cc Ξ∗
bb Ω∗

bb

PDG ? ? ? ?
This work 3.61± 0.18 3.76± 0.17 10.22± 0.15 10.38± 0.14
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T 2(GeV2)
√

s0(GeV) M(GeV) λ(GeV3) Roberts et al Ebert et al
Σc 2.3− 3.3 3.5± 0.1 2.74± 0.20 0.071± 0.019 2.748 2.795
Ξ′

c 2.5− 3.5 3.6± 0.1 2.87± 0.17 0.084± 0.019 2.859 2.928
Ωc 2.7− 3.7 3.7± 0.1 2.98± 0.16 0.136± 0.027 2.977 3.020
Σb 4.9− 5.9 6.8± 0.1 6.00± 0.18 0.085± 0.022 6.099 6.108
Ξ′

b 5.2− 6.2 6.9± 0.1 6.14± 0.15 0.103± 0.024 6.192 6.238
Ωb 5.5− 6.5 7.0± 0.1 6.27± 0.14 0.173± 0.035 6.301 6.352



•First •Prev •Next •Last •Go Back •Full Screen •Close •Quit

• 3
2
−
8�ìf��þ

T 2(GeV2)
√

s0(GeV) M(GeV) λ(GeV3) Roberts et al Ebert et al
Σ∗

c 2.4− 3.4 3.5± 0.1 2.74± 0.20 0.037± 0.009 2.763 2.761
Ξ∗

c 2.6− 3.6 3.6± 0.1 2.86± 0.17 0.045± 0.009 2.871 2.900
Ω∗

c 2.8− 3.8 3.7± 0.1 2.98± 0.16 0.072± 0.013 2.986 2.998
Σ∗

b 5.0− 6.0 6.8± 0.1 6.00± 0.18 0.047± 0.012 6.101 6.076
Ξ∗

b 5.3− 6.3 6.9± 0.1 6.14± 0.16 0.054± 0.013 6.194 6.212
Ω∗

b 5.6− 6.6 7.0± 0.1 6.26± 0.15 0.095± 0.019 6.304 6.330
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T 2(GeV2)
√

s0(GeV) M(GeV) λ(GeV3) Roberts et al Ebert et al
Ξcc 3.1− 4.6 4.5± 0.1 3.77± 0.18 0.159± 0.037 3.910 3.838

Ωcc 3.4− 4.9 4.6± 0.1 3.91± 0.14 0.192± 0.041 4.046 4.002
Ξbb 8.8− 10.8 11.1± 0.1 10.38± 0.15 0.364± 0.088 10.493 10.632
Ωbb 9.1− 11.1 11.2± 0.1 10.53± 0.15 0.443± 0.101 10.616 10.771
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T 2(GeV2)
√

s0(GeV) M(GeV) λ(GeV3) Roberts et al Ebert et al
Ξ∗

cc 3.3− 4.8 4.5± 0.1 3.77± 0.17 0.087± 0.019 3.921 3.959
Ω∗

cc 3.6− 5.1 4.6± 0.1 3.91± 0.16 0.105± 0.020 4.052 4.102
Ξ∗

bb 9.0− 11.0 11.1± 0.1 10.39± 0.15 0.206± 0.049 10.495 10.647
Ω∗

bb 9.3− 11.3 11.2± 0.1 10.52± 0.15 0.251± 0.056 10.619 10.785
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