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1 QCD & QCDSR
∙ QCDµ1¤ì?gd£�f�Ú¤

距离

电荷
色荷

电磁力： 长程
色力： 短程

2¤ÚB4µ§�Ú�f�§B3�NÃÚ�rfp"

∙ QCD3pUá§µ�6Ø£ìCgd¤¶�§§�6�{��£rÍÜ¤§�Ø
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∙ Shifman§Vainshtein§Zakharov (SVZ)§1979c

∙ nÚ½µ
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á§))�6nØ

�§))ý�và

3¤��ü«£ã��rfëþ

∙ 4Ù2��A^µ0f§f§õ§��...

£�©©z�L3600g�Ú^¤



National University of Defense Technology

2 Yb(10890)ÚÚÚY (4360)´́́ÄÄÄ´́́P -ÅÅÅ[Qq][Q̄q̄]ooo§§§������ººº

∙ ¯K5

★ Yb(10890) (JPC = 1−−)µBABAR|Phys. Rev. Lett. 102, 012001 (2009).

A. Ali�b½Ù�P -Å[bq][b̄q̄]o§��(arXiv:0912.5016)

£ãYb → Υ(1S)�+�−§Υ(2S)�+�−PC�ÄåÆ�.

★ Y (4360) (JPC = 1−−)µBABAR, PRL 98, 212001 (2007); Belle, PRD 78, 014032
(2008).

ìó�·É�§33D1 cc̄�(G.J.Ding�)

★ M. Nielsen�æ^[cq]S=0[c̄q̄]S=1 + [cq]S=1[c̄q̄]S=0S�6§O�Y (4360)(JM =

4.49± 0.11 GeV§�¢�����
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∙ P -Å[Qq][Q̄q̄]�(�

Y[Qq] = [Qq][Q̄q̄], S[Qq] = 0, S[Q̄q̄] = 0, S[Qq][Q̄q̄] = 0, L[Qq][Q̄q̄] = 1,

∙ 6��E

j� = �abc�dec(q
T
aC5Qb)D

�(q̄d5CQ̄
T
e ). (1)

∙ ¦Ú5Kí�

Π��(q2) = i

∫
d4xeiq.x⟨0∣T

[
j�(x)j�†(0)

]
∣0⟩. (2)

Π��(q2) =
(q�q�
q2
− g��

)
Π(1)(q2) +

q�q�

q2
Π(0)(q2). (3)
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1) ��

Π(1)(q2) =

[
�(1)
]2

M2
H − q2

+
1

�

∫ ∞
s0

ds
ImΠ(1)phen(s)

s− q2
+ subtractions, (4)

2) �Î¦ÈÐm

Π(1)(q2) =

∫ ∞
4m2

Q

ds
�OPE(s)

s− q2
, (5)

Ì�Ý��OPE(s) = 1
� ImΠ(1)(s)"

3) ü>�Óå5§b½§�-rféó5§�BorelC�§[
�(1)
]2
e−M

2
H/M

2

=

∫ s0

4m2
Q

ds�OPE(s)e−s/M
2

. (6)

���(1)

M2
H=

∫ s0

4m2
Q

ds�OPEse−s/M
2

/

∫ s0

4m2
Q

ds�OPEe−s/M
2

. (7)
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∙ OPEO�Eâ
O��s�+Þ�¿�Ä�Ý�8�và�z

Π��(q2)=i�abc�dec�a′b′c′�d′e′c′

∫
d4xeiq.x

×
{
Tr
[
C5SQbb′(x)5C

†STaa′(x)
]
Tr
[
C†5D

�
xSdd′(y − x)

←−
D �

y5CS
T
Qee′(−x)

]
∣y=0

+ Tr
[
C5SQbb′(x)5C

†STaa′(x)
]
Tr
[
C†5D

�
xSdd′(−x)5CS

T
Qee′(y − x)

←−
D �

y

]
∣y=0

+ Tr
[
C5SQbb′(x)5C

†STaa′(x)
]
Tr
[
C†5Sdd′(y − x)

←−
D �

y5CD
�
xS

T
Qee′(−x)

]
∣y=0

+ Tr
[
C5SQbb′(x)5C

†STaa′(x)
]
Tr
[
C†5Sdd′(−x)5CD

�
xS

T
Qee′(y − x)

←−
D �

y

]
∣y=0

}
,
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|^§�DÂf�Äþ�mL�ª

SQ(p)=
i

p/−mQ
− i

4
gtAGA

��(0)
1

(p2 −m2
Q)2

[
���(p/+mQ) + (p/+mQ)���

]
− i

4
g2tAtBGA

��(0)GB
��(0)

p/+mQ

(p2 −m2
Q)5

[
�(p/+mQ)�(p/+mQ)�(p/+mQ)�

+ �(p/+mQ)�(p/+mQ)�(p/+mQ)� + �(p/+mQ)�(p/+mQ)�(p/+mQ)�
]

× (p/+mQ) +
i

48
g3fABCGA

�G
B
�"G

C
"

1

(p2 −m2
Q)6

(p/+mQ)
[
p/(p2 − 3m2

Q)

+ 2mQ(2p2 −m2
Q)
]
(p/+mQ).

�§�Ü©3�I�mO�

Sab(x)=
i�ab

2�2x4
x/− mq�ab

4�2x2
− i

32�2x2
tAabgG

A
��(x/�

�� + ���x/)− �ab
12
⟨q̄q⟩+

i�ab
48

mq⟨q̄q⟩x/

− x2�ab
3 ⋅ 26

⟨gq̄� ⋅Gq⟩+
ix2�ab
27 ⋅ 32

mq⟨gq̄� ⋅Gq⟩x/.

3D�FourierC��Äþ�m"�§�Ü©�§�Ü©(Ü3�å�ê�5z"
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∙ Ì�Ý

�OPE(s)=�pert(s) + �⟨q̄q⟩(s) + �⟨q̄q⟩
2

(s) + �⟨gq̄�⋅Gq⟩(s) + �⟨g
2G2⟩(s) + �⟨g

3G3⟩(s),

�pert(s)=− 1

3 ⋅ 5 ⋅ 211�6

∫ �max

�min

d�

�4

∫ 1−�

�min

d�

�4
(1− �− �)K(�, �)r(mQ, s)

5,

�⟨q̄q⟩(s)=
mQ⟨q̄q⟩
3 ⋅ 26�4

∫ �max

�min

d�

�2

∫ 1−�

�min

d�

�2
(2− �− �)r(mQ, s)

3,

�⟨q̄q⟩
2

(s)=−
m2
Q⟨q̄q⟩2

3 ⋅ 23�2

∫ �max

�min

d�
[
m2
Q − �(1− �)s

]
,

�⟨gq̄�⋅Gq⟩(s)=−mQ⟨gq̄� ⋅Gq⟩
28�4

∫ �max

�min

d�

�2

∫ 1−�

�min

d�

�2
(� + � − 4��)r(mQ, s)

2

+
mQ⟨gq̄� ⋅Gq⟩

28�4

∫ �max

�min

d�

�(1− �)

[
m2
Q − �(1− �)s

]2
,

�⟨g
2G2⟩(s)=−

m2
Q⟨g2G2⟩

32 ⋅ 212�6

∫ �max

�min

d�

�4

∫ 1−�

�min

d�

�4
(1− �− �)(�3 + �3)K(�, �)r(mQ, s)

2,

�⟨g
3G3⟩(s)=− ⟨g

3G3⟩
32 ⋅ 214�6

∫ �max

�min

d�

�4

∫ 1−�

�min

d�

�4
(1− �− �)K(�, �)

[
(�3 + �3)r(mQ, s)

+ 4(�4 + �4)m2
Q

]
r(mQ, s).

r(mQ, s) ≡ (� + �)m2
Q − ��s§K(�, �) ≡ 1 + � − 2�2 + � + 2�� − 2�2"�min = (1 −√

1− 4m2
Q/s)/2§�max = (1 +

√
1− 4m2

Q/s)/2§�min = �m2
Q/(s�−m2

Q)"



National University of Defense Technology

∙ é¦Ú5Kê�©Û

M2
H=

∫ s0

4m2
Q

ds�OPEse−s/M
2

/

∫ s0

4m2
Q

ds�OPEe−s/M
2

.

∙ Ñ\ëþµ
mc = (1.23± 0.05) GeV§
mb = (4.20± 0.07) GeV§
⟨q̄q⟩ = −(0.23± 0.03)3 GeV3§

⟨gq̄� ⋅Gq⟩ = m2
0 ⟨q̄q⟩§

m2
0 = 0.8 GeV2§

⟨g2G2⟩ = 0.88 GeV4§

⟨g3G3⟩ = 0.045 GeV6"

∙ s0ÚBorelëþM2�À�
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∙ Yb(10890)��é4:�zã9�Î¦ÈÐm���'�ã
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√
s0 = 11.5 GeV§M2 = 9.5 GeV2�6/o�z=63%�M2O\O\"M2 =

10.5 GeV2§�é4:�z=51%¿�XM2O\~�"s0ÚM
2��

√
s0 = 11.4 ∼

11.6 GeV§M2 = 9.5 ∼ 10.5 GeV2"
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∙ Y (4360)��é4:�zã9�Î¦ÈÐm���'�ã
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2��

√
s0 = 4.8 ∼ 5.0 GeV§M2 = 2.6 ∼ 3.6 GeV2"
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∙ Yb(10890)!Y (4360)�þ�6uM2�Borel�

8.5 9 9.5 10 10.5 11 11.5
10

10.5

11

11.5

M2(GeV2)

M
H
(G

eV
)

11.4GeV
11.5GeV
11.6GeV

2 3 4 5 6
3.5

4

4.5

5

M2(GeV2)

M
H
(G

eV
)

4.8GeV
4.9GeV
5.0GeV

Yb(10890)�Borel ��ã¤«"Y (4360)�Borel�mã¤«"Yb(10890)�þ

�10.88± 0.13 GeV§Y (4360)�þ�4.32± 0.20 GeV
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∙ �(
1¤3P -Å[bq][b̄q̄]�.§|^¦Ú5KO�Yb(10890)��þ"éuYb(10890)§ê�

(J10.88 ± 0.13 GeV�¢�êâ¬Ü��~Ð§�±|±ÙP -Åo§����
."

2¤3Ó��ãµ§Y (4360)��þO��4.32± 0.20 GeV§(J�¢��ÎÜ§|
±ÙP -ÅIþ-V§�-Iþ-�V§��."�Ó�|^¦Ú5K���Y (4360)�

�þM = 4.49± 0.11 GeV�'�§ùp�(J��
Uõ§¥%��\�C¢�
êâ"
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3 P -ÅÅÅ[cs][c̄s̄]ooo§§§������µµµY (4260)½½½Y (4660)ººº

∙ ¯K5

★ Y (4260) (JPC = 1−−)µ

BABAR, PRL 95, 142001 (2005); CLEO, PRD 74, 091104(R) (2006); Belle, PRL 99,
182004 (2007).

· É ì ó � £S.L.Zhu¤ §�c�
0© f �(X.Liu, X.Q.Zeng,

and X.Q.Li)§Ψ(4S)§!�c1© f �(C.Z.Yuan�)§ΛcΛ̄c f ó �

�(C.F.Qiao)§D1D½D0D
∗©f�(G.J.Ding)

Y (4660) (JPC = 1−−)µBelle, PRL 99, 142002 (2007).

53S1ìó�(G.J.Ding�)§fó��(C.F.Qiao)§f0(980)Ψ′åP�(F.K.Guo�
9Z.G.Wang¦Ú5KO�)§63S1�(B.Q.Li&K.T.Chao)§53S1 − 43D1·Ü�¶

Ù§ó�(XA.L.Zhang)

★ Y (4260)�)º�P -Å[cs][c̄s̄]�(L.Maiani�) D.Ebert�Ø7¤ù«b½¿@
½Y (4260)Ø�U´P -ÅìÛÉV§�-�V§��"

★ Y (4660)�)º�cs-V§�-c̄s̄-�V§��o§��(NPA815, 53 (2009))
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∙ P -Å[Qs][Q̄s̄](��6��E

Y[Qs] = [Qs][Q̄s̄]

S[Qs] = 0,

S[Q̄s̄] = 0,

S[Qs][Q̄s̄] = 0,

L[Qs][Q̄s̄] = 1,

j� = �abc�dec(s
T
aC5Qb)D

�(s̄d5CQ̄
T
e ). (8)

∙ �þ�!aq

M2
H =

∫ s0

(2mQ+2ms)2
ds�OPEse−s/M

2

/

∫ s0

(2mQ+2ms)2
ds�OPEe−s/M

2

. (9)
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∙ Ì�Ý

�pert(s)=− 1

3 ⋅ 5 ⋅ 211�6

∫ �max

�min

d�

�4

∫ 1−�

�min

d�

�4
(1− �− �)K(�, �)

[
r(mQ, s)− 5mQms

]
× r(mQ, s)

4,

�⟨s̄s⟩(s)=
⟨s̄s⟩

3 ⋅ 26�4

{∫ �max

�min

d�

�2

∫ 1−�

�min

d�

�2

{[
(2− �− �)mQ + (1− �− �)ms

]
r(mQ, s)

− 3(�− �2 + � − �2)msm
2
Q

}
r(mQ, s)

2

−ms

∫ �max

�min

d�

�(1− �)

[
m2
Q − �(1− �)s

]3}
,

�⟨s̄s⟩
2

(s)=
mQ⟨s̄s⟩2

3 ⋅ 24�2

∫ �max

�min

d�
{
− 2mQ

[
m2
Q − �(1− �)s

]
+ms

[
m2
Q − 2�(1− �)s

]}
,

�⟨gs̄�⋅Gs⟩(s)=
⟨gs̄� ⋅Gs⟩

3 ⋅ 28�4

{∫ �max

�min

d�

�2

∫ 1−�

�min

d�

�2
r(mQ, s)

{
− 3mQ(� + � − 4��)r(mQ, s)

+ms��
[
12m2

Q − 7(� + �)m2
Q − 5��s

]}
+

∫ �max

�min

d�
[
m2
Q − �(1− �)

]
×
{ 3mQ

�(1− �)

[
m2
Q − �(1− �)s

]
+ 2ms

[
5�(1− �)s− 9m2

Q

]}}
,
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�⟨g
2G2⟩(s)=−mQ⟨g2G2⟩

32 ⋅ 212�6

∫ �max

�min

d�

�4

∫ 1−�

�min

d�

�4
(1− �− �)(�3 + �3)K(�, �)

× r(mQ, s)
[
(mQ − 3ms)r(mQ, s)− 2msm

2
Q(� + �)

]
,

�⟨g
3G3⟩(s)=− ⟨g

3G3⟩
32 ⋅ 214�6

∫ �max

�min

d�

�4

∫ 1−�

�min

d�

�4
(1− �− �)K(�, �)

{[
(�3 + �3)

× r(mQ, s) + 4(�4 + �4)m2
Q − 2mQms(2�

2 + 3�� + 2�2)

× (3�2 − 4�� + 3�2)
]
r(mQ, s)− 4msm

3
Q(� + �)(�4 + �4)

}
.

r(mQ, s) ≡ (� + �)m2
Q − ��sÚK(�, �) ≡ 1 + � − 2�2 + � + 2�� − 2�2"�min =

(1−
√

1− 4m2
Q/s)/2§�max = (1 +

√
1− 4m2

Q/s)/2§�min = �m2
Q/(s�−m2

Q)"
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∙ ê�©Û

M2
H =

∫ s0

(2mQ+2ms)2
ds�OPEse−s/M

2

/

∫ s0

(2mQ+2ms)2
ds�OPEe−s/M

2

. (10)

∙ Ñ\ëþµ
mc = 1.23± 0.05 GeV§
mb = 4.20± 0.07 GeV§
ms = 0.13± 0.03 GeV§
⟨q̄q⟩ = −(0.23)3 GeV3§

⟨s̄s⟩ = 0.8 ⟨q̄q⟩§
⟨gs̄� ⋅Gs⟩ = m2

0 ⟨s̄s⟩§
m2

0 = 0.8 GeV2§

⟨g2G2⟩ = 0.88 GeV4§

⟨g3G3⟩ = 0.045 GeV6"

∙ s0ÚBorelëþM2�À�
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∙ Y[cs]��é4:�zã9�Î¦ÈÐm���'�ã
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Y[cs]§
√
s0 = 5.2 GeV§M2 = 3.3 GeV2§�6�z/o��Î¦ÈÐm=72%§

�M2O\O\"M2 = 4.3 GeV2§�é�4:�z=53% �M2O\~

�"
√
s0 = 5.1 ∼ 5.3 GeV§M2 = 3.3 ∼ 4.3 GeV2"
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∙ Y[bs]��é4:�zã9�Î¦ÈÐm���'�ã
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�4:�z= 55%"
√
s0 = 11.7 ∼ 11.9 GeV§M2 = 10.0 ∼ 11.5 GeV2
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∙ Y[cs]!Y[bs]�þ�6uM
2�Borel�
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√
s0 = 5.1 ∼ 5.3 GeV§MY[cs] = 4.69 ± 0.15 GeV"Y[bs]�

√
s0 = 11.7 ∼

11.9 GeV"MY[bs] = 11.23± 0.12 GeV"
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∙ �
?Ø
1¤Y[cs]�(J4.69±0.15 GeV�Y (4660)�¢�êâ4664±11±5 MeV¬Ü�éÐ"
,§=¦�ÄØ(½ÝT�E'Y (4260)��þ��
§ù�|±Y (4660)�P -
Å[cs][c̄s̄](�Ó�Ø|±Y (4260))º�P -Å[cs][c̄s̄]�"

2¤?�Ú§4.69± 0.15 GeV�'Y (4360)��þ4361± 9± 9 MeV����
§�
Ø|±Y (4360)´P -Å[cs][c̄s̄]o§��"

3¤¢Sþ§þ�!·�®²��
P -Å[cq][c̄q̄] �þ�4.32 ± 0.20 GeV§
�Y (4360)�¢�êâ¬Ü�±|±Y (4360)�P -Å[cq][c̄q̄](�"5¿D.Ebert�
b½Y (4260)´P -Å[cq][c̄q̄]�"¢Sþ§==dê�4.32 ± 0.20 GeV¿ØU�
�üØY (4260)��P -Å[cq][c̄q̄]���U5§Ï��Ä�Ø(½Ý�T�E

�Y (4260)��þ��"�uY (4260)�ý¢(�§I�?�Ú�nØïÄÚ¢

�y¢"
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1¤|^QCD¦Ú5K�{O�P -Å[cs][c̄s̄]o§��Y[cs]��þ"éuY[cs]§�ª

(J4.69± 0.15 GeV�Y (4660)�¢�êâ§|±Y (4660)�P -Åo§���."Ó
�§(JCq/'Y (4260)��þp0.30 GeV§�Y (4260)�P -Å[cs][c̄s̄]�)ºØ

��"

2¤ýó.§�éAöY[bs]��þ�11.23± 0.12 GeVk?�Ú/¢�y¢"
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