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‘Low Energy Hadron Models & QCDl
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Low Energy Hadron Models

DOWN

First Principle Derivation and Calculation

2nd Part: Apply First Principle Calculation to Electroweak Chiral Lagrangian
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Light Peudoscalar & Vector Mesons and Baryons
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‘ Different levels of Low Energy Hadron Modelsl

e Pure Pheno Level: 7, K. n,1n"; p,w,p, K*; n,p

linear,nonlinear—o models; YEFTs; Hidden Symmetry; Skyrmion Model; Baryon EFT

e Half Pheno Level: quark + 7, K, n,7"; p,w,d, K*; n,p

various chiral quark models

e Quark Level: quark

various NJL type models; GCM

e Quark Gluon Level: quark + gluon

traditional constituent chiral quark model; String Model, Bag Model, ......
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‘ Relations among QCD & Low Energy Hadron Maodels |

e Ask for the same physics from QCD and low energy hadron model

e Build Relations among QCD & low energy hadron models

—_ . 4 . .
Z[J] = / DGDYDUDgDg '/ ¢ #lfQep @&+ F(a.G D] / Dy eFeffilorl — / Dy e'Setizl$2:7]

J

NV ' '
G,q,¥: gluon. light quark and heavy quark fields ¢1: various fields of model-1 ¢5: various fields of model-2

e Build relations among various hadron models

e Only perform derivation for pseudo scalar meson part

unsatisfactory for vector mesons, not successful for baryons!
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‘ Steps of QCD First Principle Derivation I

e Integrate out gluon fields = Nonlocal Multi-quark Theory

— Introduce bilocal meson field = Bilocal Meson Field Theory

— Introduce bilocal PS meson field = Pseudoscalar Meson EFT

e Drop out 6. 8...quark terms — GCM

e Localization approximation to GCM — NJL Maodel

Interest as PhD student :H: know how to derive from each other

e Introduce local meson field = Chiral Quark Model

Qing Wang P. 6
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DERIVATION OF LOW ENERGY EFFECTIVE ACTION FOR MESONS FROM QCD

1,2, 3
Qing Mang2 and Yu-Ping Kuang

1. CCAST (World Laboratory), P.0.Box 8730, Beijing 100080, China
.t
2. Department of Physics, Tsinghua University, Beijing 160084, China

3. Institute of Theoretical Physics, Academia Sinica, Beijing, 100080, China

ABSTRACT

Low energy effective action for mesons is derived from the fundamental

theory of QCD in different approaches. The obtained effective action is of

the form of that in the chiral g"-model with vector and axial—veplor _mesons

—
included but with fewer free parameters. Some of its consequences” are

discussed.

+ Talk presented by Q.VWang at the VWorkshop on Veak Interactions and CP
Violation , Aug.1989, Inst. High Energy Phys., Academia Sinica, Beljing,
China. This work is supported by the National Natural Science Foundation
of China

*+ MNailing Address
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|TUIMP-TH-92/48|

AN ATTEMPT TO CALCULATE THE EFFECTIVE
LAGRANGIAN FOR LOW LYING
PSEUDOSCALAR MESONS FROM QCD
STRONG COUPLING EXPANSION!

Qing Wang and Yu- Ping Kuang

CCAST (World Laboratory), P.O.Box 8730, Beijing 100080, China
and

Institute of Mordern Physics, Tsinghua University, Beijing 100084, China®
and i

Institute of Theoretical Physics, Academia Sinica, Beijing 100080, China

ABSTRACT
An attempt to derive the effective Lagrangian for low lying pseu-
doscalar mesons is given in QCD strong coupling expansion based on
the idea of the effective field theory with a physical cut-off A.This"
theory provides the information about chiral symmetry breaking,

LATER

and the quark condensates are calculable. The obtained effective

Lagrangian contains the exact Wess-Zumino-Witten term and the

complete Gasser-Leutwyler chiral Lagrangian with all the coefficients

Fy,By,Ly, Ly, - -,Ly0,Hy and H, given analytically as functions of the

two fundamental parameters A and g, (effective coupling constant in
the cut-off QCD theory). A and g, are then determined by taking
the data of m, and m, as inputs. Up to order-1/g? contributions,
the calculated m,,Fy,Fy,F,, quark condensates, pion- pion scatter-
ing lengths,and pseudoscalar-meson form factors are all in reasonable
agreement with experiments.

1Work supported by the National Natural Science Foundation of China.
2Mailing address

Derivation with approximations ?
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Earlier time: Due to divergence from quark loop, add in mass counter term §A2 to the gluon Lagrangian
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PHYSICAL REVIEW D, VOLUME 61, 054011

Derivation of the effective chiral Lagrangian for pseudoscalar mesons from QCD

Qing Wang!? Yu-Ping Kuand®! Xue-Lei Wang!® and Ming Xiad
*Department 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
QCD considering the contributions from the normal part of the theory without taking an approximation. -
derivation is based on the standard generating functional of QCD in the path integral formalism. The gl
field integration is formally carried out by expressing the result in terms of the physical Green’s function:
the gluon. To integrate over the quark field, we introduce a bilocal auxiliary figll,y) representing the
mesons. We then develop a consistent way of extracting the local pseudoscalar degree of Bérpam
d(x,y) and integrating out the rest degrees of freedom such that the complete pseudoscalar degree of frt
resides inUJ(x). With certain techniques, we work out the explidi{x) dependence of the effective action up
to the p* terms in the momentum expansion, which leads to the desired chiral Lagrangian in which all
coefficients contributed from the normal part of the theory are expressed in terms of certain quark Gre
functions in QCD. Together with the exsisting QCD formulas for the anomaly contributions, the present re:
lead to the complete effective chiral Lagrangian for pseudoscalar mesons. The final result can be regar
the fundamental QCD definition of the coefficients in the chiral Lagrangian. The relation between the pre
QCD definition of thep?-order coefficienthz) and the well-known appoximate result given by Pagels an
Stokar is discussed.

Vectors: X.L.Wang and Q.Wang, Commun. Theor. Phys. 34 ,519(2000);
Nonet Pseudo Scalars: X.L.Wang, Z.M.Wang and Q.Wang, Commun. Theor. Phys. 34 ,683(2000);

General Technicolor: Z.M.Wang and Q.Wang, Commun. Theor. Phys. 36 ,417(2001)
Qing Wang P. 10
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‘ Why we take the QCD first principle derivation? I

e Understanding hadron interations in a more fundamental and unified way

e Test QCD
e Independent of symmetry constraints, easily generalized to other theories

o Compute parameters of hadron models

® Technique to INVestigate QCD non-perturbative effects in terms of Exp data

Qing Wang
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As a phenomenological Lagrangian, CL has abundance of low energy constants LECs

For Pseudo scalar mesons
® p2 LECs: F, B 2 flavour, FO, BO 3 flavour

® p4 LECs: ll, T ,17, hl, ]’LQ, hg 2 flavour, Ll, s ,Llo, Hl, H2 3 flavour
e p® LECs (normal): ¢y, -+, c50, +4 2favou; Cp,--+,Cog, +4 3 flavour

[ p6 LECs (anomal()US): C1,""",Csy +&8 2 flavour; 01, Tt 023 3 flavour

Number of LECs increase rapidly for high order terms !

e Up to p°, lack of enough exp data to fix all LECs
e To high orders, CL lost prediction power !

Calculation of LECs will improve prediction power !
Qing Wang P. 12
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Anomaly approach: Quark flavor anomaly can induce Chiral Lagrangian !

n [ DDy ot [ TP (P +T)1) . [ DYDY i [ d D (i +T) 0
= —111 — — 1

anomaly appoach [ Dy D) et [ drzp (P + )y [ DYDY et [ dAzh (P + )y
= —iInDetlid + Jo] + ilnDetligd + J|

Lead WZW anomaly terms and nonzero CL LECs: s1,=405=—203=241, = —8Lg=Lg= 2L =

wrongsigns
But:

e Difficult to obtain SCSB F? < 0, A?

é;eff

C
4872

e Non trivial LECs cL+0 in absence of color interaction o, — o

e Some p* order coefficients have wrong signs

e No or divergent higher order terms J.F.Donoghue,D.Wyler;J.Bijnens, A.Bramon,F.Cornet;R.Akhoury,A.Alfakih;

H.W.Fearing,S.Scherer;J.Bijnens,L.Girlanda,P.Talavera; T.Ebertshauser,H.W.Fearing,S.Scherer
& Re S.g¢ =0

anomaly approach

Qing Wang P. 13
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PHYSICAL REVIEW D 66, 014019 (2002

Calculation of the chiral Lagrangian coefficients from the underlying theory of QCD:.
A simple approach

Hua Yang>* Qing Wangh?* Yu-Ping Kuang:*2and Qin Lif
lcCcAST (World Laboratory) P.O. Box 8730, Beijing 100080, China

2Department of Physics, Tsinghua University, Beijing 100084, China*
3Institute of Theoretical Physics, Academia Sinica, Beijing 100080, China
“Ingtitute of Electronic Technology, Information Engineering University, Zhengzhou 450004, Henan, China
(Received 6 March 2002; published 31 July 2D02

We calculate the coefficients in the chiral Lagrangian approximately from QCD based on a previous stuc
of deriving the chiral Lagrangian from the first principles of QCD in which the chiral Lagrangian coefficients
are defined in terms of certain Green’s functions in QCD. We first show that, in theNar@it, the anomaly
part contributions to the coefficients are exactly cancelled by certain terms in the normal part contributions, a
the final results of the coefficients only concern the remaining normal part contributions depending on QC
interactions. We then do the calculation in a simple apprgach with the approxinjations of taking thid Jarge-
limit, the leading order in dynamical perturbation theory, and the improved ladder approximation; thereby tr
relevant Green’s functions are expressed in terms of the quark self-eBépgy. By solving the Schwinger-
Dyson equation foE (p?), we obtain the approximate QCD predicted coefficients and quark condensate whicl
are consistent with the experimental values.

DOI: 10.1103/PhysRevD.66.014019 PACS nuntferl2.39.Fe, 11.30.Rd, 12.38.Aw, 12.38.Lg

Fermion determinant: Q.Lu, H.Yang, Q.Wang, Commun. Theor. Phys. 38, 185(2002)
Phenomenological gauge invariant,nonlocal, dynamical quark model: H.Yang, Q.Wang, Q.Lu, Phys.Lett. B532, 240 (2002)

Qing Wang P. 14
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Calculation formalism: Y.H.An, H.Yang, Q.Wang, Eur. Phys. J. C29, 65(2003)

The LECs are in units of 10_3(}6\/_2

F0.10 +0.09 F0.05 F0.12 —0.22 ~0.22
1| 3.797) - 3.587002 | 31| —0.63T 03 | 17 | —1.10745 || 61 | 2.887 5 | 34 | 2.847 5%
2 | 0.00770, 32 | 0.18. 007 | 18| 0437000 | 62 | 0.007000
+0.01 +0.01 —0.00 —0.06 —0.24
3 _O'Oi_ooogl _O'Oi_ooogl 33 0.09+8_% 19 041*8'%8 63 2'9918'%8
4 3°10_+(’6188 2.89_8%?7) 34 159*8:%3 20 1.56+8:%§ 64 O°00296095 o
5 | —1.01750% 1217506 || 35 | 0.17 47 | 21 | 0.29755 | 65 | —2.43F772 | 35 | 3.39707%7
6 | 0.001000 36 | 0.007000 66 | 1.717097 | 36 | 157709
7 | 0.001000 37 | —0.567507 67 | 0.007050
—0.16 —0.08 +0.18 +0.00
8 2.311:8'(1)8 38 0.4118'88 22 —1.32_001%5 68 0.00__00084 oo
9 0.0029(:)088 Coor 39 O.OO_O(:)O(l)8 23 0.86+0(:)1§)4 69 —0.865__|(_)()(:)%6 38 —0.68:606(2%5
10 | —1.057005 —0.987004 || 40 | —6.35 035 | 24 | —4.847 52 || 70 | 1737000 | 39 | 1.817 72
11 | 0.007550 41 | 0.007000 71 | 0.007000
12 | —0.3475°07 —0.337001 || 42 | 0.6070 00 72 | —3.301005 | 40 | —3.1775°05
13 | 0.0070-00 43 | 0.007950 73 | 0.507023 | 41| 0.301032
+0.12 +0.25 +0.20 +0.19 —0.16 —0.14
14 _0.81_000(1)9 —1.72_001.?2)5 44 6.32J_r8_8)8 25 6.03_0_33 74 _5.01—'(_)0(')%7 42 —4.’74+0.24
15 | 0.007550 0.86 072 || 45 | 0.00%0 00 75 | 0.0079 00
Serial Numbers: J. Bijnens, G. Colangelo, G. Ecker, JHEP02(1999)020
S. Z. Jiang, Y Zhang, C. Li and Q. Wang, PRD81, 014001(2010)
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The LECs are in units of 10_3Gre\/_2
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) C; 7 C; ) C; 9 C; 7 C; 9 C;
+0.00 —0.02 —0.05 —0.23 —0.23
16 | 0.0070-08 46 | —0.60 07 | 26 |—1.147g02 || 76 | —1.44537 | 43 | —1.20 05
17 | 0.017991 | 9 | —0.847012 || 47 | 0.08TH 5, 77 | 0.007550
18 | —0.5617507 48 | 3.417500 78 | 17.517102 | 44 | 16161091
19 | —0.48799% | 10 | —0.3770-97 || 49 | 0.001050 79 | —0.56_ 040 | 45 | 0.267 5%
—0.03 +0.00 +0.78 +1.41 —0.04 —0.04
20 | 0.187 007 | 11| 0.00%000 | 50 | 871978 |27 | 13.577500 | 80 | 0.87 070 | 46 | 0.85. 0705
21 | —0.06T90] 51 [-11.497908 | 28 | 0.9379-98 |1 81 | 0.007000
+0.19 +0.18 —0.67 —0.32 —0.2¢
22 | 0277052 | 12 | 0.15703% | 52 | —5.04705] 82 | —7.13 057 | 47 | —6.737 07
23 | 0.001059 53 [—11.99_ 51 | 29 |-11.017053 || 83 | 0.075030 | 48 | —0.2277 3¢
24 | 1.6275:02 54 | 0.001000 84 | 0.007900
—0.49 —0.45 +0.96 +0.89 +0.03 +0.03
25 | —5.98 075 | 13 | —=5.397 0% || 55 | 16.7979:9% | 30 | 15.727050 || 85 | —0.8270-0% | 49 | —0.787T] ]
26 | 3.357030 | 14 | 417035 |l 56 | 19.3470-02 | 31 | 17.5770%5 || 86 | 0.0070-00
+0.15 +0.21 +1.34 +1.28 +0.37 +0.34
27 | —1.54%015 | 15 | —2.71F030 |l 57 | 792t |32 | rastZR | 87| 75700 | 50 | 718103l
28 | 0.3010:01 58 | 0.007500 88 | —5.47. 003 | 51 | —4.857 )5
—0.26 —0.22 —1.21 —1.12 +1.61 +1.46
29 _3°Oi’60032 16 | —2.227032 | 59 —22.49+J610%9 33 | 721190176 | 89 | B4TAT G | 52 | 82197, 5
30 | 0.607903 60 | 0.0010-00 90 | 2447095 | 53 | 2.51 030
Serial Numbers: J. Bijnens, G. Colangelo, G. Ecker, JHEP02(1999)020
S. Z. Jiang, Y Zhang, C. Li and Q. Wang, PRD81, 014001(2010)
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Y dej

! [ 0J 0%(=V3), .. _
— / dt Tr | ;tm (875 )i + Jog + () 1]
0

>. dependent

! U, 82 —VI)\ .. -
0

Y. dependent

Ja) (@) = _i?éfz(t)(x) - WiQ(t)(?C)%— sa)(®)+ 1pa) (T)7s

Set|U, J]

oU. I 21 e
A 32 QENVaﬁ/d CE/ dt trf[ t (V;ﬁlu ‘/t B+ {a’t a’t? t B}
a,p

4 4
+3d“’a§do‘af + Bafvva + 3a,t at’/al‘f‘af)]

Y. L. Ma and Q. Wang, PLB560, 188(2003)

Finish the integration of fifth dimension

G. C. Rossi, M. Testa and K. Yoshida, PLB134, 78(1984); N. K. Pak and P. Rossi, NPB250, 279(1985)
Qing Wang
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unit: 10°3GeV ™2

W oours | arXiv:0302064[hep-ph](1) | (1) (1 (IV) (V) EPJC55,273(2008)
000 PRL89,061803(2002
~1.4310-1 ~0.32+10.4 0.78 & 12.7 4.96 & 9.70 —0.074 £ 13.3 | JHEP05,052,273(200

0.29 0.28 £9.19 0.67 £10.9 6.32 £ 6.09 —0.55 £9.05 PRD79,076005(2009

3.267 032 28.50 & 28.83 9.38 £152.2 | 33.05+28.66 | 34.51+41.13

+0.03
0.91_0.04
—0.24

1031 0.013 +1.17 0.51 + 0.06 0.1+1.2
20.3 + 18.7 0.1%*

8 | 0417903 0.76 4 0.18 0.58 & 0.20
0.5%

N o gtk w3

|

.O .
©

o

_|_

o

N

)

1.68

—0.03
9 1.15_|_0.03

—0.01
10 —0.184_0.01

11 | —1.157)-9% —6.37 + 4.54 —0.00143 + 0.03 0.68 £ 0.21

—0.15
12 —5.13+0.25

13 —6.37;8%213 _74.09 + 55.89 —20.00 | —8.44 +69.9 14.15 + 15.22 _7.46 + 19.62

Serial Numbers: J. Bijnens, L. Girlanda, P. Talavera, Eur. Phys. J. C23,539(2002)
S. Z. Jiang and Q. Wang, PRD81, 094037(2010)
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Anomalous p° terms — three flavors

unit: 10°3GeV ™2

n | C)Y ours | arXiv:0302064[hep-ph](1) | (1) (1) (IV) (V) EPJC55,273(2008)
14 | —2.007 070 29.99 + 11.14 —6.01 | 0.724+15.3 | 10.23+7.56 | —0.58 £9.77
15 | 4177932 —25.30 £ 23.93 2.00 | —3.10+£28.6 | 19.70 £7.49 | 8.89 +9.72
+0.10
16 3.58;86673
17 | 1.0875-00
18 =0
+0.01
19 0'297?8'8%
20 1.83J_r8:8g
21 | 2.487907
22 | 5.0110-30 6.52 & 0.78 8.01 3.94 £ 0.43 544+0.8
5.07 £ 0.71 3.94 +0.43
+0.08
23 | 2747008

Serial Numbers: J. Bijnens, L. Girlanda, P. Talavera, Eur. Phys. J. C23,539(2002)
S. Z. Jiang and Q. Wang, PRD81, 094037(2010)
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Computation of the p° order low-energy constants with tensor sources

Shao-Zhou Jiang!* and Qing Wang?#

L College of Physics Science and Technology, Guangzi University, Nanning, Guangzi 530004, P. R. China
2Department of Physics, Tsinghua University, Beijing 100084, P.R. China®

We present the results of computing the p* and p® order low-energy constants of the chiral
Lagrangian with tensor sources for both two and three flavors pseudoscalar mesons. This is a
generalization of our previous work on calculating the p* and p® order coefficients of the chiral
Lagrangian without tensor sources in terms of the quark self-energy (p®). We find that some p°
order operators with tenor sources used in the literature are related to each other with the help of
some epsilon relations. There leaves 100 independent terms for n-flavor, 94 terms for 3-flavor, and
67 terms for 2-flavor cases. We also find that the odd-intrinsic-parity chiral Lagrangian with tensor
sources can not exist.

PACS numbers: 12.39.Fe, 11.30.Rd, 12.38.Aw, 12.38.Lg

I. INTRODUCTION

In the low-energy region, conventional perturbation theory is ineffective for the strong interaction. If we focus on
the pseudoscalar mesons (m, K, n), chiral perturbation theory provides us an effective way to deal with the system.
It can be applied not only to the strong interaction, but also to the weak and electromagnetic interactions. It was
first introduced by Weinberg [1]. The idea was to expand the meson part Lagrangian in terms of powers of external
momenta. Then, Gasser and Leutwyler [2, 3] extended it to the p* order, and built up the path integral formalism
which enables us to compute the various Green’s functions of the light-quark scalar, pseudoscalar, vector and axial

203.0712v1 [hep-ph] 4 Mar 2012

vector curr later. The form of
the normall Further improvements . on the anomalous
(or odd pa the antisymmetric
tensor cury his may be partly
die tothel o Increase the precision of the calculations  [cused in Ref.[10,
researches currents. Further,
antisymme e more exotic 17~
mesons. T . nteractions. More
mportantl| @ Try to go beyond low energy expansion egrees of freedoms
and ones u lies that I' can be
Qing W expanded iITTETTIIS OT TIE 10 7y-TIATTICES, Al OIE 1S USed T0 TIAIE T CUTTEIS acCordIng to telr y-matrices structures. p, 22
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Due to this incompleteness of the v-matrices structures, just scalar, pseudo scalar, vector and axial vector currents

~
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DOWN Electroweak Chiral Lagrangian

‘ Electroweak Chiral Lagrangian |
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e C: Topcolor assisted tecnicolor C.T.Hill, Phys.Lett.B345(1995)483 formulation

e C: Natural Topcolor-assisted tecnicolor K.Lane,E.Eichten, Phys.Lett.B352(1995)382 eTc

e F: New strong interactions at the Tevatron?
R.S.Chivukula, A.G.Cohen, E.H.Simmons, Phys.Lett.B380(1996)92

e C: Symmetry breaking and generational mixing in top-color-assisted technicolor
K.Lane, Phys.Rev.D54(1996)2204 walking effects

e F: A heavy top quark from flavor-universal colorons
M.B.Popovic, E.H.Simmons, Phys.Rev.D58(1998)095007

e F: A new model of topcolor-assisted technicolor
K.Lane, Phys.Lett.B433(1998)96

e H: Hypercharge-universal topcolor F.Braam, M.Flossdorf, R.S.Chivukula, S.D.Chiara,
E.H.Simmons, PhysRevD77,(2008)055005 Hypercharge effects
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‘ TC2 contribution to EWCL coefficientsl

o Pure TC Contributions one or three doublet TC model result

e /' contributions

e Ordinary quarks and leptons contributions .ot investigated

e Colorons make no contributions at the leading order

e ETC effects are small

® WTC effeCtS different understandings
.
. ep e Hat, .1 9 9 _
® O{T IS pOSItlve and bOUndEd abOVE. % Hill 4_0 Lane ﬂ Chivukula
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‘ Summary |

e First principle derivation of QCD is achieved uitout approximation

e With approximations, we have calculated LECs up to p°

e The technique is applied to electroweak chiral Lagrangian

e Improvement on the calculation precision is under consideration

e Prof. Kuang plays key role in guiding the direction of research

Qing Wang P. 29
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