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• There exists phys model or theory at each level of matter solid, molecue, atom, nulcleus, quark

• The more small of the scale, the more fundamental of the theoryreductionism/emergentism

• Interpret Physics in terms of smaller scale theory is difficult cross scales, but essential

• Report status of inter-relations between EFT at hadron scale and QCD at quark-gluon scale
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Physics at hadron scale

• Phenomenological model & χEFT Seff[ϕ, ψ]: Pseudoscalar, Vector, Scalar,Baryon......

• Model lacks estimation of error from QCD, use except necessary

• Many terms in χEFT for all possible processes in terms of power counting ！！！

• EOM of each hadron is the stationery Eq for χEFT：：：

δSeff[ϕ, ψ]

δϕ(x)
= 0 ⇒ (∂

2
+ m

2
ϕ)ϕ + int terms = 0 boson

δSeff[ϕ, ψ]

δψ(x)
= 0 ⇒ (i/∂ + mψ)ψ + int terms = 0 fermion

• Huge No. of LECs in high order χEFT lost predictability。。。

• Need value of LECs in χEFT：：：
– Study and describe hadron physics

– Examining correctness of the theoryWang Qing P. 5
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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,
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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
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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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Why talk so much on SD/BS/Faddeev Eqs

• They are QCD non-perturbative bound state equations cannot get rid of them

• They are quark-gluon level first principle determination of hadrons

• Any other equations are all simplified version of them include all pheno models

• Hadrons phenomenologically are described by effective Lagrangian

• Lagrangian Eq of EFFLs leads hadron equation of motions

• They are hadron level phenomenological EOMs

• Need a formalism combining bound state Eqs and EFFLs& their EOMs together

• We build such a formalism based QCD first principle path integral
Wang Qing P. 16



QCD　　　First Principle Calculation

Z[J] ≡
∫

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

G,q,Ψ: gluon,light & heavy quark fields in QCD

=

∫
Dϕ e

iSeff[ϕ,J]︸ ︷︷ ︸
ϕ: fields in EFT

Seff∝Nc
===== e

iSeff[ϕc,J]+··· ∂Seff[ϕc, J]

∂ϕc
= 0

e
iSeff[ϕ,J]

=

∫
DGDΨDΨDqDq δ[ϕ− H(q,G)] e

i
∫
d4x[LQCD(q,Ψ,G)+F(q,G,J)]︸ ︷︷ ︸

path integral representation at quark-gluon level for hadron EFT, if integratable: compact EFT can be used at any scale

Low Energy Hadron EFTs & Models
Wang Qing P. 17
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early

Anomaly Approach

Quark flavor anomaly can induce Chiral Lagrangian !

Seff

∣∣∣
anomaly approach

= −i ln
∫
DψΩDψΩ ei

∫
d4xψ(i∂/ +J)ψ∫

DψDψ ei
∫
d4xψ(i∂/ +J)ψ

= i ln

∫
DψDψ ei

∫
d4xψ(i∂/ +JΩ)ψ∫

DψDψ ei
∫
d4xψ(i∂/ +J)ψ

= −i lnDet[i∂/ + JΩ] + i lnDet[i∂/ + J ]

Lead WZW anomaly terms and nonzero CL LECs: 8L1=4L2=−2L3=24L7=−8L8︸ ︷︷ ︸
wrong signs

=L9=−2L10=
Nc
48π2

J. Balog, Phys.Lett.149B,197 1984; A.A.Andrianov and L.Bonora, Nucl.Phys.B233,232 1984; A.A.Andrianov,Phys.Lett.B157,425 1985;

N.I.Karchev and A.A.Slavnov, Theor.Math.Phys.65,192 1985; L.-H.Chan,Phys.Rev.Lett.55,21 1985; A.Zaks,Nucl.Phys.B260,241 1985;

A.A.Andrianov et al.,Phys.Lett.B186,401 1987; J.Bijnens,Nucl.Phys.B367,709 1991;

R.F.Alvarez-Estrada and A.Gomez Nicola,Phys.Lett.B355,288 1995; D.Espriu,E.De Rafael, and J.Taron, Nucl.Phys.B345,22 1990

• Difficult to obtain SCSB F 2
0 ∝ 0, Λ2

• Non trivial LECs CL̸= 0 in absence of color interaction αs = 0

• Some p4 order coefficients have wrong signs

• No or divergent higher order termsWang Qing P. 19
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Derivation with approximations ?Wang Qing P. 21



History of our first principle derivation

• Above PS meson, vector, scalar, baryon,....

• After long various prehistorical explorations
anomaly approach, massive gluon...

• Exact derivation only succeed in PS mesonsPRD61,54011(2000)

• Soon generalize DERIVATION to vector mesonCTP34,519(2000); η′CTP34,683(2000); Large Nc

• Free dimensional parameter appear，，，leading arbitrary ρ mass

• Unsuccessful try for many years to solve problem, searching help

• by 2015Find the key，，，original paper right! except the understandings

Wang Qing P. 22



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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Key Difference between Pseudoscalar & Other Mesons

• Pseudoscalar mesons are Pseudo Goldstone Bosons of SCSB

• Take χPT, PS mesons become exact Goldstone bosons of SCSB

• They are massless, their fields are taken as chiral rotation angles

• EFT of PS mesons has no mass and self-interaction terms

• Other mesons are all massive with some mass gap with PS mesons

• Their EFTs have mass and self-interaction terms

• They especially mass are determined by BSE or Faddeev Eq special feature to PS

• How can derive a EFT with right mass and self-interaction terms ?
without knowing how to solve BSE

Wang Qing P. 27



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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No further investigations on mesons; Similar result for baryons，，，preparing paper
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Complexities in the QCD Derivation of Baryon EFT

• Baryon apparently is more interesting and important than mesons

• But in QCD, baryon is consists of Nc quarks which depend on Nc
meson composed of quark and anti-quark, independent of Nc

• Nc counting of baryon is highly nontrivial, needs special treatment
”Baryons in the 1/N Expansion” E.Witten，，，Nucl.Phys. B160,57(1979)

• Nc counting of Faddeev Eq and EFT itself are different due to Nc dep baryon fields !

ϕ∂2ϕ+ 1
Nc

ϕNc

• Choose to keep SDE/BSE & Faddeev Eq at the same Nc order
EFT is no longer all at the same Nc orders

Wang Qing P. 30



Steps for First Principle Derivation for Hadron EFT

• Integrate out gluon fields, obtain nonlocal multi-quark theory

• Integrate in bilocal meson fields, obtain bilocal meson fields theory
an alternative path integral expression of QCD

DSE, BSE, Faddeev Eq all can be derived from it

*****************************************************************

• Integrate in hadron fields, obtain EFT for hadrons ⇐ Formal Derivation

• Obtain hadron EFT& corresponding large Nc BSE or Faddeev Eq
this now achieved successfully for all low energy hadrons

*****************************************************************

• Solve BSE or Faddeev Eq to fix hadron EFT order by orders or nonlocally

only achieved for p2 order PS mesons; more simplified ansatz are used to compute all LECs up to p6 order of PS mesons
Wang Qing P. 31



eiZ[J,θ̄] =

∫
DAµ,iDψ̄Dψ ei

∫
d4x [LQCD+ψ̄Jψ] =

∫
Dψ̄Dψ ei

∫
d4xψ̄(i/∂+J)ψeiZ

′[ψ̄γµ
λCi
2 ψ,θ̄]

eiZ
′[Iµ

i
,θ̄] =

∫
DAµ,i e

i
∫
d4x [−gAµ,iI

µ
i
+L′] L′ = −1

4
Gµν,iGµνi +

g2θ̄

64π2
ϵµνρσ

8∑
i=1

Gµν,iGρσ,i

Z′[Iµi , θ̄] =

∞∑
n=2

∫
d4x1 · · ·d4xn

(−i)ngn

n!
Gi1···in
µ1···µn(x1, · · · ,xn)I

µ1
i1
(x1) · · · Iµnin (xn)︸ ︷︷ ︸

→GCM→NJL

G
i1···in
µ1···µn(x1, · · · , xn) has well defined large Nc limit, except necessary renormalization constant

G
i1···in
µ1···µn

(x1, · · · , xn

[
ψ̄f1α1(x1)(

λC
i1

2
)α1β1γ

µ1ψf1β1(x1)

]
· · ·

[
ψ̄fnαn(xn)(

λC
in

2
)αnβnγ

µnψfnβn(xn)

]
=

∫
d
4
x
′
1 · · · d

4
x
′
ng

n−2
G
σ1···σn
ρ1···ρn

(x1, x
′
1, · · · , xn, x

′
n)ψ̄

σ1
α1
(x1)ψ

ρ1
α1
(x

′
1) · · · ψ̄

σn
αn

(xn)ψ
ρn
αn

(x
′
n)

eiZ[J,θ̄] =

∫
Dψ̄Dψ exp

{
i

∫
d4xψ̄(i/∂ + J)ψ +

∞∑
n=2

∫
d4x1d

4x′
1 · · ·d4xnd

4x′
n

×(−i)n(g2)n−1

n!
G
σ1···σn
ρ1···ρn (x1,x

′
1, · · · ,xn,x

′
n)ψ̄

σ1
α1
(x1)ψ

ρ1
α1
(x′

1) · · · ψ̄σnαn
(xn)ψ

ρn
αn
(x′

n)

}
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G
i1i2
µ1µ2

(x1, x2)

[
ψ̄f1α1(x1)(

λC
i1

2
)α1β1γµ1ψf1β1(x1)

][
ψ̄f2α2(x2)(

λC
i2

2
)α2β2γµ2ψf2β2(x2)

]
G

i1i2
µ1µ2

(x1, x2) = δi1i2Gµ1µ2
(x1, x2) (λ

C
i1
)α1β1(λ

C
i1
)α2β2 = 2δα1β2δα2β1 −

2

Nc

δα1β1δα2β2

=
1

2
Gµ1µ2(x1, x2)

[
q̄f1α1(x1)γ

µ1qf1β1(x1)

][
q̄f2α2(x2)γ

µ2qf2β2(x2)

]
(δα1β2δα2β1 −

1

Nc

δα1β1δα2β2)

=

∫
d
4
x
′
d
4
x
′
2Gµ1µ2(x1, x2)[−

1

2
γ
µ1
σ1ρ2

γ
µ2
σ2ρ1

δ(x
′
1 − x2)δ(x

′
2 − x1) Key is transforming λC matrices into δαβ !

−
1

2Nc

γ
µ1
σ1ρ1

γ
µ2
σ2ρ2

δ(x
′
1 − x1)δ(x

′
2 − x2)]q̄

σ1
α1
(x1)q

ρ1
α1
(x

′
1)q̄

σ2
α2
(x1)q

ρ2
α1
(x

′
2)

G
σ1σ2
ρ1ρ2

(x1,x
′
1,x2,x

′
2)=−

1

2
Gµ1µ2

(x1,x2)[γ
µ1
σ1ρ2

γ
µ2
σ2ρ1

δ(x
′
1−x2)δ(x

′
2−x1)+

1

Nc

γ
µ1
σ1ρ2

γ
µ2
σ2ρ1

δ(x
′
1−x2)δ(x

′
2−x1)]

G
i1i2i3
µ1µ2µ3

(x1, x2, x3) = gf
i1i2i3G

(0)
µ1µ2µ3

(x1, x2, x3) + gd
i1i2i3G

(1)
µ1µ2µ3

(x1, x2, x3)

f
i1i2i3 = −2itr

[
[
λC
i1

2
,
λC
i2

2
]
λC
i3

2

]
=

i

4
λ
i2
αβλ

i1
βγλ

i3
γα −

i

4
λ
i1
αβλ

i2
βγλ

i3
γα d

i1i2i3 = −2itr

[
{
λC
i1

2
,
λC
i2

2
}
λC
i3

2

]
f
i1i2i3λ

i1
α1β1

λ
i2
α2β2

λ
i3
α3β3

= 2i(δα3β2δα2β1δα1β3 − δα3β1δα1β2δα2β3)

d
i1i2i3λ

i1
α1β1

λ
i2
α2β2

λ
i3
α3β3

= 2(δα3β2δα2β1δα1β3 + δα3β1δα1β2δα2β3 −
2

Nc

δα1β1δα2β3δα3β2)

−
2

Nc

δα1β3δα2β2δα3β1 −
2

Nc

δα1β2δα2β1δα3β3 +
4

N2
c

δα1β1δα2β2δα3β3)
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∫
DΦ δ

(
NcΦ

σρ(x,x′)− ψ̄σα(x)ψ
ρ
α(x

′)

)
eiZ[J,θ̄] =

∫
Dψ̄DψDΦδ

(
NcΦ

σρ(x,x′)− ψ̄σα(x)ψ
ρ
α(x

′)

)
exp

{
i

∫
d4xψ̄(i/∂ + J)ψ

+Nc

∞∑
n=2

∫
d4x1d

4x′
1 · · ·d4xnd

4x′
n

(−i)n(Ncg
2)n−1

n!
G
σ1···σn
ρ1···ρn (x1,x

′
1, · · · ,xn,x

′
n)

×Φσ1ρ1(x1,x
′
1) · · ·Φσnρn(xn,x

′
n)

}
δ

(
NcΦ

σρ(x,x′)− q̄σα(x)q
ρ
α(x

′)

)
= C

∫
DΠei

∫
d4xd4x′Πσρ(x,x′)[NcΦ

σρ(x,x′)−ψ̄σα(x)ψ
ρ
α(x

′)]

eiZ[J,θ̄] =

∫
DΦDΠ eiΓ[J,Φ,Π]

Γ[J,Φ,Π] = −iNcTrln[i/∂ + J−Π] +Nc

∫
d4xd4x′Φσρ(x,x′)Πσρ(x,x′)

+Nc

∞∑
n=2

∫
d4x1d

4x′
1 · · ·d4xnd

4x′
n

(−i)n(Ncg
2)n−1

n!

×G
σ1···σn
ρ1···ρn (x1,x

′
1, · · · ,xn,x

′
n)Φ

σ1ρ1(x1,x
′
1) · · ·Φσnρn(xn,x

′
n)
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-1
=

-1
+ + +

Figure 2: The gap equation up to the NNL-order truncation.

= + + +

+ +

Figure 3: The meson BS kernel up to the NNL-order truncation.

PRD95,094023(2017)
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Modern Chiral Effective Theories Industry
http://home.thep.lu.se/ bijnens/chpt/

• Built p2LO, p4NLO, p6NNLO theories for SU(3) PS mesons normal，，，abnormal；；；generalized

• Marching to higher energy region Hard pion ChPT...

• S.Z.Jiang,F.J.Ge,Q.Wang, Full pseudoscalar mesonic chiral Lagrangian at p6 order under the unitary group, PRD89,074048(2014)

• With unitarity；；；Include in other hadrons：：：scalars、、、vectors、、、axial scalars...

• Include in baryonsB-ChPT...；；；NucleonMultipole moments force；；；Carbogenesis...；；；finite ρ, T, V ...

• Combined with HQEFT, include in heavy mesons of c、、、b quarks Heavy Meson ChPT...

• Add in EM interaction include photons、、、various lepton processes、、、weak interactions；；；Lame shift；；；external B-field...

• Combined with lattice theory Quenched；；；Partially Quenched；；；Staggered；；；Unitarized；；；Wilson；；；...

• Apply to EW int...；；；New physics...；；；Non-fund rep of quarksReal、、、Pseudo-Real...；；；
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Computation of LECs

• Self energy of quarks：：：Σ(p2) Σ(p
2
) −

3

2
Nc

∫
d4q

4π3
αs[(p− q)2]

(p− q)2
Σ(q2)

q2 + Σ2(q2)
= 0

• αs(p
2)=



7 12π
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Λ2
QCD

≤ −2

{7 − 4
5[2 + ln p2

Λ2
QCD

]2} 12π
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Λ2
QCD

≤ 0.5

1

ln p2

Λ2
QCD

12π

(11Nc − 2Nf)
0.5 ≤ ln

p2

Λ2
QCD

Input Nc=3,Nf ,Λ,F0 = 87MeV fix ΛQCD

• quark two point function Π
σρ
Ωc(x, y) ≈ [Σ(∇2

x)]
σρ
δ
4
(x− y)︸ ︷︷ ︸

GND/CQM PRD66,014019(2002)；；；PLB532,240(2002)；；；PLB560,188(2003)

Σ quark self energy ∇µ

x = ∂µx − ivµΩ(x)

• Simplest approx，，，help with computer，，，obtained all p6 LECs

1. S.Z.Jiang, Y.Zhang, C.Li, Q.Wang PRD81,014001(2010)

Computation of the p6 order chiral Lagrangian coefficients

2. S.Z.Jiang, Q.Wang PRD81 ,094037(2010)

Computation of the p6 order anomalous chiral Lagrangian

• Beyond low energy EFT C.Li, S.Z.Jiang, Q.Wang

Minimal Ward-Takahashi Vertices and Pion Light Cone Distribution Amplitudes

from Gauge Invariant, Nonlocal, Dynamical Quark Model CPL, 30, no8，，，081101(2013) 10
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Summary

• QCD gen func is of an alternative form in terms of bilocal meson fields

• automatically Reproduce non-pert SDE/BSE & lead many applications

• Further integrating in local hadron fields leads EFT for hadrons
exact QCD first principle derivation is achieved !

• Bound State Eqs and Hadron EOMs live in the same equation
quark-gluon level BS、、、Faddeev Meson、、、Baryon hadron level

• Simplified Ansatz used to compute PS EFT LECs up to p6 orders

• even for PS mesons Still not solve SDE to achieve fully first principle cal

• Need to go beyond formal der of EFT to perform detail computations
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