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去去去年年年讲讲讲过过过，，，为为为啥啥啥还还还要要要再再再讲讲讲？？？

• 感感感谢谢谢人人人民民民群群群众众众的的的要要要求求求 去去去年年年介介介子子子的的的工工工作作作还还还没没没有有有发发发表表表；；；桂桂桂林林林太太太靠靠靠南南南，，，参参参会会会的的的人人人不不不完完完全全全一一一样样样

• 去去去年年年着着着重重重讲讲讲矢矢矢量量量介介介子子子 作作作为为为例例例子子子

• 今今今年年年针针针对对对更更更一一一般般般的的的强强强子子子 介介介子子子：：：赝赝赝标标标、、、矢矢矢量量量、、、标标标量量量、、、轴轴轴矢矢矢量量量；；；重重重子子子

• 特特特别别别着着着重重重工工工作作作所所所揭揭揭示示示的的的一一一些些些问问问题题题和和和一一一些些些新新新的的的 重重重要要要 思思思考考考 学学学生生生拖拖拖沓沓沓
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• 在在在物物物质质质的的的每每每个个个层层层次次次都都都存存存在在在相相相应应应的的的物物物理理理理理理论论论 固固固体体体，，，分分分子子子、、、原原原子子子，，，原原原子子子核核核，，，夸夸夸克克克

• 更更更深深深层层层次次次的的的物物物理理理理理理论论论更更更加加加基基基本本本 还还还原原原论论论

• 用用用深深深层层层次次次的的的理理理论论论解解解释释释浅浅浅层层层次次次的的的物物物理理理虽虽虽然然然基基基本本本，，，但但但跨跨跨尺尺尺度度度难难难度度度较较较大大大

• 本本本报报报告告告汇汇汇报报报 强强强子子子 原原原子子子核核核与与与夸夸夸克克克之之之间间间的的的层层层次次次和和和 夸夸夸克克克胶胶胶子子子 已已已知知知的的的物物物质质质最最最基基基本本本的的的层层层次次次理理理论论论的的的关关关系系系
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强强强子子子层层层次次次上上上物物物理理理

• 存存存在在在唯唯唯像像像的的的手手手征征征有有有效效效理理理论论论Seff[ϕ, ψ]：：：赝赝赝标标标介介介子子子，，，矢矢矢量量量介介介子子子，，，标标标量量量介介介子子子，，，重重重子子子......

• 有有有效效效理理理论论论包包包含含含所所所有有有可可可能能能的的的项项项，，，在在在数数数幂幂幂意意意义义义上上上可可可描描描写写写所所所有有有物物物理理理过过过程程程！！！

• 每每每个个个强强强子子子都都都有有有运运运动动动方方方程程程，，，它它它可可可通通通过过过有有有效效效理理理论论论的的的拉拉拉氏氏氏量量量求求求极极极值值值得得得到到到：：：
δSeff[ϕ, ψ]

δϕ(x)
= 0 ⇒ (∂

2
+ m

2
ϕ)ϕ +相相相互互互作作作用用用项项项 = 0 玻玻玻色色色子子子

δSeff[ϕ, ψ]

δψ(x)
= 0 ⇒ (i/∂ + mψ)ψ +相相相互互互作作作用用用项项项 = 0 费费费米米米子子子

• 有有有效效效理理理论论论的的的参参参数数数在在在强强强子子子层层层次次次是是是自自自由由由参参参数数数，，，到到到高高高阶阶阶数数数目目目巨巨巨大大大丧丧丧失失失理理理论论论预预预言言言性性性。。。

• 需需需要要要知知知道道道有有有效效效理理理论论论参参参数数数的的的数数数值值值：：：
– 讨讨讨论论论和和和描描描写写写强强强子子子物物物理理理

– 检检检验验验基基基本本本理理理论论论的的的正正正确确确性性性
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Bethe-Salpeter study of vector meson masses and decay constants

Pieter Maris and Peter C. Tandy
Center for Nuclear Research, Department of Physics, Kent State University, Kent, Ohio 44242

~Received 27 May 1999; published 21 October 1999!

The masses and decay constants of the light vector mesons r/v , f , and K! are studied within a ladder-
rainbow truncation of the coupled Dyson-Schwinger and Bethe-Salpeter equations of QCD with a model
two-point gluon function. The approach is consistent with quark and gluon confinement, reproduces the correct
one-loop renormalization group behavior of QCD, generates dynamical chiral symmetry breaking, and pre-
serves the relevant Ward identities. The one phenomenological parameter and two current quark masses are
fixed by requiring that the calculated f p , mp , and mK are correct. The resulting f K is within 3% of the
experimental value. For the vector mesons, all eight transverse covariants are included and the dominant ones
are identified; the complete angle dependence of the amplitudes is also retained. The calculated values for the
masses mr , mf , and mK! are within 5%, while the decay constants f r , f f , and f K! for electromagnetic and
leptonic decays are within 10% of the experimental values. @S0556-2813~99!04511-2#

PACS number~s!: 14.40.Cs, 24.85.1p, 11.10.St, 12.38.Lg

I. INTRODUCTION

A realistic description of vector mesons at the quark-
gluon level is an important element in advancing our under-

example, the axial Ward identity dictates that the chiral limit
Bethe-Salpeter ~BS! amplitude for a pseudoscalar q̄q bound
state in the dominant g5 channel is given by B0(p2)/ f P
where B is the scalar part of the chiral quark self-energy,

PHYSICAL REVIEW C, VOLUME 60, 055214
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and m(m) depend on the quark flavor, although we have not
indicated this explicitly. However, in our analysis we as-
sume, and employ, a flavor independent renormalization
scheme and hence all the renormalization constants are
flavor-independent.

A. Meson Bethe-Salpeter equation

The renormalized, homogeneous BSE for a bound state of
a quark of flavor a and an antiquark of flavor b having total
momentum P is given by

GM
ab~p;P !5EL d4q

~2p !4
K~p ,q;P !

3Sa~q1hP !GM
ab~q;P !Sb~q2h̄P !, ~4!

where h1h̄51 describes momentum sharing, GM
ab(p;P) is

the BS amplitude, and M specifies the meson type: pseudo-
scalar, vector, axial-vector, or scalar. In this paper we con-
sider the pseudoscalar and vector amplitudes only. The ker-
nel K operates in the direct product space of color and Dirac

B. Ladder-rainbow truncation

We use a ladder truncation for the BSE

K tu
rs~p ,q;P !→2G@~p2q !2#Dmn

free~p2q !S la

2
gmD

ru

^ S la

2
gnD

ts

, ~7!

which is consistent with a rainbow truncation for the quark
DSE

Z1E
q

L

g2Dmn~p2q !
la

2
gmS~q !Gn

a~q ,p !

→E
q

L

G@~p2q !2#Dmn
free~p2q !

la

2
gmS~q !

la

2
gn . ~8!

Here Dmn
free(k) is the perturbative gluon propagator in Landau

gauge. The model is completely specified once a form is
chosen for the ‘‘effective coupling’’ G(k2).

The consistency of Eqs. ~7! and ~8! lies in the fact that the

BETHE-SALPETER STUDY OF VECTOR MESON MASSES . . . PHYSICAL REVIEW C 60 055214

5E d4qL
ab p;GM
ab ;P !5 K~p ,q;P !M
ab~p

42~22p !4

h̄3Sa~~q1 P ! hP !,hP !GM h̄Pq2hSb~qq;P !SM ~qGab~

S la

D
ru

2# freep2q !2#D free p2q !S→2G@~p free~p gmDDmn 2

S la

D
ts

,g^ nD2
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TABLE II. Comparison of the results for the vector mesons for the three different parameter sets for the
effective interaction, using all eight BS amplitudes ~top!, and using the five leading BS amplitudes only
~bottom!.

r K! f

mr f r mK* f K* mf f f

Experiment 0.770 0.216 0.892 0.225 1.020 0.237
All amplitudes F1-F8

v50.3 GeV, D51.20 GeV2 0.747 0.197 0.956 0.246 1.088 0.255
v50.4 GeV, D50.93 GeV2 0.742 0.207 0.936 0.241 1.072 0.259
v50.5 GeV, D50.79 GeV2 0.74 0.215 0.94 0.25 1.08 0.266

Amplitudes F1 . . . F5 only

Maris–Roberts Ref. @10# 0.71 0.95 1.1
v50.3 GeV, D51.20 GeV2 0.737 0.192 0.942 0.235 1.080 0.247
v50.4 GeV, D50.93 GeV2 0.729 0.199 0.919 0.229 1.062 0.250
v50.5 GeV, D50.79 GeV2 0.731 0.207 0.926 0.237 1.072 0.259
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Survey of J ¼ 0, 1 mesons in a Bethe-Salpeter approach

A. Krassnigg*

Institut für Physik, Karl-Franzens-Universität Graz, A-8010 Graz, Austria
(Received 22 September 2009; published 10 December 2009)

The Bethe-Salpeter equation is used to comprehensively study mesons with J ¼ 0, 1 and equal-mass

constituents for quark masses from the chiral limit to the b-quark mass. The survey contains masses of the

ground states in all corresponding JPC channels including those with ‘‘exotic’’ quantum numbers. The

emphasis is put on each particular state’s sensitivity to the low- and intermediate-momentum, i.e., long-

range part of the strong interaction.

DOI: 10.1103/PhysRevD.80.114010 PACS numbers: 14.40.�n, 11.10.St, 12.38.Lg

I. INTRODUCTION

Mesons offer a prime target for studies of various ap-

proaches to quantum chromodynamics (QCD), which is

widely accepted as the quantum field theory of the strong

interaction. While in terms of the number of constitutents

their appearance is simple at first glance, mesons provide a

broad range of phenomena and challenges to both theory

and experiment. On the theoretical side, the key challenge

tion as in corresponding meson studies (for recent advan-

ces, see [26–30], and references therein).

In principle, one would aim at a complete, self-

consistent solution of all equations, which is equivalent

to a solution of the underlying theory. While this spirit can

be held up in investigations of certain aspects of the theory

(see, e.g. [31,32], and references therein), numerical stud-

ies of hadronic observables require a truncation of the

infinite tower of equations. In practice, this means the

PHYSICAL REVIEW D 80, 114010 (2009)
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6 Christian S. Fischer et al.: Mass spectra and Regge trajectories of light mesons in the Bethe-Salpeter approach

EPJA, 50, 126(2014)
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QCD　　　First Principle Calculation

Z[J] ≡
∫

DGDΨDΨDqDq ei
∫
d4x[LQCD(q,Ψ,G)+F (q,G,J)]︸ ︷︷ ︸

G,q,Ψ: 量子色动力学中的胶子、轻夸克、重夸克场

=

∫
Dϕ eiSeff[ϕ,J]︸ ︷︷ ︸

ϕ: 有效理论中的各种场

e
iSeff[ϕ,J]

=

∫
DGDΨDΨDqDq δ[ϕ− H(q,G)] e

i
∫
d4x[LQCD(q,Ψ,G)+F(q,G,J)]︸ ︷︷ ︸

强子层次有效作用量 的 夸克、胶子层次 的 路径积分表示

Low Energy Hadron EFTs & Models
Wang Qing P. 21



我我我们们们研研研究究究第第第一一一原原原理理理推推推导导导的的的历历历史史史

• 走走走向向向梦梦梦中中中的的的重重重子子子EFT,Skyrmion,Faddeev的的的必必必经经经之之之路路路

• 很很很早早早就就就做做做了了了，，，多多多年年年一一一直直直没没没做做做完完完成成成的的的 事事事

• 以以以往往往只只只做做做成成成功功功了了了赝赝赝标标标介介介子子子PRD61,54011(2000)

• 马马马上上上就就就推推推广广广到到到了了了矢矢矢量量量介介介子子子CTP34,519(2000)；；；η′CTP34,683(2000)

• 发发发现现现理理理论论论中中中出出出现现现了了了任任任意意意的的的量量量纲纲纲参参参数数数，，，ρ介介介子子子质质质量量量似似似乎乎乎是是是任任任意意意的的的

• 而而而在在在路路路径径径积积积分分分中中中赝赝赝标标标介介介子子子转转转动动动角角角的的的引引引进进进和和和其其其它它它介介介子子子复复复合合合场场场是是是完完完全全全不不不一一一样样样的的的

赝赝赝标标标介介介子子子的的的 零零零质质质量量量 由由由SCSB决决决定定定，，，而而而作作作为为为物物物质质质场场场的的的其其其它它它介介介子子子如如如ρ的的的 非非非零零零质质质量量量 与与与手手手征征征对对对称称称性性性无无无关关关，，，由由由 很很很难难难求求求解解解的的的 束束束缚缚缚态态态方方方程程程 决决决定定定!

• 感感感觉觉觉推推推导导导有有有问问问题题题，，，尝尝尝试试试多多多年年年，，，试试试图图图与与与国国国内内内外外外合合合作作作，，，都都都没没没成成成功功功

• 去去去年年年找找找到到到症症症结结结，，，原原原推推推导导导没没没问问问题题题，，，对对对结结结果果果的的的理理理解解解不不不够够够深深深入入入 现现现在在在仍仍仍是是是这这这样样样 ！！！
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Derivation of the effective chiral Lagrangian for pseudoscalar mesons from QCD

Qing Wang,1,2 Yu-Ping Kuang,2,1 Xue-Lei Wang,1,3 and Ming Xiao1
1Department of Physics, Tsinghua University, Beijing 100084, China*

2China Center of Advanced Science and Technology (World Laboratory), P.O. Box 8730, Beijing 100080, China
3Department of Physics, Henan Normal University, Xinxiang 453002, China

�Received 1 March 1999; published 9 February 2000�

We formally derive the chiral Lagrangian for low lying pseudoscalar mesons from the first principles of
QCD considering the contributions from the normal part of the theory without taking an approximation. The
derivation is based on the standard generating functional of QCD in the path integral formalism. The gluon-
field integration is formally carried out by expressing the result in terms of the physical Green’s functions of
the gluon. To integrate over the quark field, we introduce a bilocal auxiliary field�(x,y) representing the
mesons. We then develop a consistent way of extracting the local pseudoscalar degree of freedomU(x) in
�(x,y) and integrating out the rest degrees of freedom such that the complete pseudoscalar degree of freedom
resides inU(x). With certain techniques, we work out the explicitU(x) dependence of the effective action up
to the p4 terms in the momentum expansion, which leads to the desired chiral Lagrangian in which all the
coefficients contributed from the normal part of the theory are expressed in terms of certain quark Green’s
functions in QCD. Together with the exsisting QCD formulas for the anomaly contributions, the present results
lead to the complete effective chiral Lagrangian for pseudoscalar mesons. The final result can be regarded as
the fundamental QCD definition of the coefficients in the chiral Lagrangian. The relation between the present
QCD definition of thep2-order coefficientF0

2 and the well-known appoximate result given by Pagels and
Stokar is discussed.

PHYSICAL REVIEW D, VOLUME 61, 054011
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第一原理推导的几个步骤主要以矢量介子为例

• 积积积掉掉掉胶胶胶子子子场场场得得得到到到 非非非局局局域域域的的的多多多夸夸夸克克克理理理论论论

• 积积积进进进双双双局局局域域域介介介子子子场场场得得得到到到 双双双局局局域域域介介介子子子场场场理理理论论论 为为为了了了能能能开开开展展展实实实际际际的的的计计计算算算

• 积积积进进进赝赝赝标标标介介介子子子场场场得得得到到到 赝赝赝标标标介介介子子子有有有效效效理理理论论论

• 积积积进进进矢矢矢量量量介介介子子子场场场得得得到到到 矢矢矢量量量介介介子子子有有有效效效理理理论论论

• 利利利用用用1/Nc展展展开开开得得得到到到介介介子子子的的的有有有效效效拉拉拉氏氏氏量量量和和和相相相应应应的的的BS方方方程程程
大大大Nc极极极限限限下下下介介介子子子是是是稳稳稳定定定粒粒粒子子子

• 利利利用用用abelian近近近似似似化化化简简简BS方方方程程程，，，求求求解解解介介介子子子谱谱谱

• 积积积进进进其其其它它它介介介子子子场场场得得得到到到 介介介子子子有有有效效效理理理论论论
Wang Qing P. 26



Derivation of the effective chiral Lagrangian for pseudoscalar, scalar,
vector, and axial-vector mesons from QCD

Ke Ren
*

Department of Physics, Tsinghua University, Beijing 100084, People’s Republic of China

Hui-Feng Fu
†

Center for Theoretical Physics, College of Physics, Jilin University,

Changchun 130012, People’s Republic of China

Qing Wang
‡

Department of Physics, Tsinghua University, Beijing 100084, People’s Republic of China

and Center for High Energy Physics, Tsinghua University, Beijing 100084, People’s Republic of China

and Collaborative Innovation Center of Quantum Matter, Beijing 100084, People’s Republic of China
(Received 30 January 2017; published 10 April 2017)

A previous formal derivation of the effective chiral Lagrangian for low-lying pseudoscalar mesons from

first-principles QCD without approximations [Q. Wang, Y.-P. Kuang, X.-L. Wang, and M. Xiao, Phys. Rev.

D 61, 054011 (2000)] is generalized to further include scalar, vector, and axial-vector mesons. In the large

Nc limit and with an Abelian approximation, we show that the properties of the newly added mesons in our

formalism are determined by the corresponding underlying fundamental homogeneous Bethe-Salpeter

equation in the ladder approximation, which yields the equations of motion for the scalar, vector, and axial-

vector meson fields at the level of an effective chiral Lagrangian. The masses appearing in the equations of

motion of the meson fields are those determined by the corresponding Bethe-Salpeter equation.

DOI: 10.1103/PhysRevD.95.074012

PHYSICAL REVIEW D 95, 074012 (2017)
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Z[J] =

∫
DξRDξLDϕ δ(ξ†RξR − 1)δ(ξ†LξL − 1)δ(detξR − detξL) e

iSeff [ξR,ξL,ϕ,J,Ξc,ϕ̃c,Φc,Πc]

eiSeff [ξR, ξL, ϕ, J, Ξc, ϕ̃c, Φc, Πc] =

∫
DΞDϕ̃DΦDΠ e······ ⇐ 给出低能展开的有效拉氏量的表达式

· · · · · · = iNc

{∫
d
4
x trf

[
Ξ(x)

(
e
− i ˜θ(x)

Nf ξR(x)trl[PRΦ
T
(x,x)]ξ

†
L
(x) − e

i ˜θ(x)
Nf ξL(x)trl[PLΦ

T
(x, x)]ξ

†
R
(x)

)]

+

∫
d
4
x

[
ϕ
(aξ)(bζ)

(x)+
1

µ4
{[e

− iθ
2Nf ξLPR+e

i iθ
2Nf ξRPL]Π(x,x)[e

− iθ
2Nf ξ

†
R
PR+e

ıθ
2Nf ξ

†
L
PL]}

(aξ′)(bζ′)
P
ξ′ζ′,ξζ

]
ϕ̃
(bζ)(aξ)

(x)

+
1

Nc
ΓI[Φ] −iTrln(i/∂ + J + Π) +

∫
d
4
xd

4
y Π

σρ
(x, y)Φ

σρ
(x, y) + i

∞∑
n=2

∫
d
4
x1d

4
x
′
1 · · · d

4
xnd

4
x
′
n
(−i)n(g2)n−1

n!

×Ḡ
σ1···σn
ρ1···ρn (x1, x

′
1, · · · , xn, x

′
n)Φ

σ1ρ1(x1, x
′
1) · · ·Φ

σnρn(xn, x
′
n)

}
⇑ 除了必要的重整化常数之外，存在 有限的大Nc极限 ！

e
−iΓI[Φ]

= Πx

[
{det[trlPRΦ

T
(x, x)]det[trlPLΦ

T
(x, x)]}

1
2

∫
Dσδ[(trlPRΦ

T
)(trlPLΦ

T
) − σ

†
σ]δ(σ − σ

†
)

]

P
ξ′ζ′,ξζ

=
1

4
[δ
ζ′ξ′

δ
ξζ

+ (γµ)
ζ′ξ′

(γ
µ
)
ξζ − (γµγ5)

ζ′ξ′
(γ
µ
γ5)

ξζ
]
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大大大Nc

特特特别别别可可可证证证Seff中中中的的的介介介子子子质质质量量量就就就是是是BSE解解解出出出的的的质质质量量量！！！ 对对对重重重子子子有有有类类类似似似的的的结结结果果果，，，正正正在在在整整整理理理文文文章章章
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小小小 结结结

• QCD低低低能能能非非非微微微扰扰扰效效效应应应强强强子子子物物物理理理 一一一直直直是是是强强强作作作用用用的的的硬硬硬骨骨骨头头头问问问题题题

• 我我我们们们开开开展展展了了了从从从QCD到到到强强强子子子有有有效效效理理理论论论的的的严严严格格格推推推导导导

• 夸夸夸克克克胶胶胶子子子层层层次次次的的的束束束缚缚缚态态态BS、、、Faddeev方方方程程程 和和和强强强子子子层层层次次次的的的强强强子子子介介介子子子、、、重重重子子子场场场方方方程程程 同同同居居居同同同一一一方方方程程程

• 手手手征征征有有有效效效拉拉拉氏氏氏量量量中中中的的的 强强强子子子质质质量量量 自自自动动动由由由BS/Faddeev方方方程程程的的的解解解给给给出出出

• 如如如何何何更更更深深深地地地理理理解解解和和和开开开发发发这这这个个个结结结果果果仍仍仍在在在积积积极极极地地地进进进一一一步步步讨讨讨论论论 ！！！
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为为为什什什么么么对对对还还还没没没做做做积积积分分分的的的强强强子子子场场场能能能有有有场场场方方方程程程？？？

• 在在在 Seff[ξR, ξL, ϕ,J,Ξc, ϕ̃c,Φc,Πc] 中中中，，，ξR, ξL, ϕ,J 是是是独独独立立立的的的自自自由由由变变变量量量

• ξR, ξL, ϕ 只只只有有有在在在做做做了了了路路路径径径积积积分分分后后后才才才会会会有有有相相相应应应的的的运运运动动动方方方程程程

• 怎怎怎么么么可可可能能能在在在还还还没没没做做做 ϕ 的的的路路路径径径积积积分分分之之之前前前就就就出出出现现现了了了它它它的的的场场场方方方程程程？？？

• 大大大Nc极极极限限限 ：：：虽虽虽然然然强强强子子子场场场路路路径径径积积积分分分还还还没没没做做做，，，但但但做做做了了了就就就是是是此此此结结结果果果 不不不矛矛矛盾盾盾 ！！！
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