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 1. Introduction
•             a rather old subjectη & η' :

• New revival for multiple interests (Th & Exp)
   Invisible decays (DM,BSM),  

   Spontaneous chiral symmetry breaking of QCD

   U(1) axial anomaly of QCD 

   SU(3)-flavor symmetry breaking …… 

   BESIII: more than one million eta’ 

   KLOE-2: around 25 millions eta

   WASA-COSY, Crystal Ball/TAPS MAMI, 

   Jefferson-Lab, …… 
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Lattice QCD starts to make precise simulations on eta/eta’
• ETMC:   C.Michael, et al.,  Phys.Rev.Lett 111,181602 (2013); PoS(Lattice 2013) 253                                                         
• UKQCD:   E.B.Gregory, et al.,  Phys.Rev.D 86, 014504 (2012)

• RBC/UKQCD:  Christ, et al., Phys.Rev.Lett.105,241601 (2010) 
• HSC:   J.J.Dudek, et al.,  Phys.Rev.D 83, 111502 (2011)

2
, 'M v.s. mη η π

2v.s. mπφ


2
/ ' v.s. mη η γγ πΓ

Our aim: a global study of Exp data and Lattice simulations
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2.  VPγ(*),  Pγγ(*)  and J/psi -> VP, Pγ(*) 
--- eta/eta’ in  decay processes involving light vectors and J/psi

Processes available from Exp: 

(1) light flavor radiative decays involving  η / η’ 

…

(2)  J/psi decays involving  η / η’ 

…
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• Resonance Chiral Theory to handle light flavor resonances

The roadmap to build RChT: CCWZ formalism: Ecker et al., NPB’89
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Leutwyler, ‘97

Phenomenologically explored by many groups:  Escribano, Feldmann, Goity, 
Pennington, Pham,Thomas, … …

Modern recipe: the two-mixing angle scheme
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Relevant operators in our study: VVP and VJP types

[Chen, ZHG, [Chen, ZHG, ZhengZheng,  PRD,  PRD’’12]12]
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An efficient way to constrain the resonance couplings: 

   the high energy behaviors dictated by QCD

VVP Green-functions

[Ecker, et al.,  PLB[Ecker, et al.,  PLB’’89]89]

can be calculated in OPE and RChT

Important objects: VVP, VAP, AAP,… (order parameters of chiral symmetry, 
free of pQCD corrections in chiral limit)
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To match the VVP Green function 

in OPE and RChT: 
Similar procedure also applied to 
form factors *P

[Chen, ZHG, [Chen, ZHG, ZhengZheng,  PRD,  PRD’’12]12] [[RoigRoig,,  Sanz-CilleroSanz-Cillero,,  P  PLBLB’’1144]]
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The combined high energy constraints used in our global-fit analyses: 

[Chen, ZHG, [Chen, ZHG, ZouZou,  PRD,  PRD’’15]15]
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Effective Lagrangian for the interactions of J/Psi and light mesons

Notice: this is NOT chiral EFT, but more like a phenomenological model.

The chiral building blocks are employed to incorporate the light flavor mesons. 

Merits: systematical way to include the SU(3)-flavor symmetry breaking  

         and the OZI rules (large Nc, by counting the number of traces)  

Strong Strong 
interactions: interactions: 

[[SeidenSeiden, et al.,  PRD, et al.,  PRD’’88]88]

[[Y.H.ChenY.H.Chen, ZHG,  , ZHG,  

  B.S.ZouB.S.Zou,  PRD,  PRD’’15]15]
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EM  interactions:EM  interactions:
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Feynman Diagrams for J/Psi -> P γ (*)

We confirm the mechanism proposed by K.T.Chao, NPB’90   

Lattice:  [Dudek, et al.,   PRDLattice:  [Dudek, et al.,   PRD’’06]06]
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Feynman Diagrams for J/Psi -> VP
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Phenomenological Discussions 

Data included in the fit

106 data points in total

[PDG, CPC ’14], BESIII [PRD89,092008(2014)]

[ Lepton-G,CELLO,TPC, SND … , on the light flavor sector ]
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Fit with J/Psi and 
light flavor data

Fit with only 
light flavor data

Uncertainties of parameters are clearly decreased when including J/Psi data
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Results for 
Decay widths
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*η γ γ

*η' γ γ
*J/ ' γ 

* γ 
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Strong Interaction  K.O.  EM Interaction in J/Psi -> V P   

[Chen, [Chen, 
ZHG, ZHG, 
ZouZou,    ,    
PRDPRD’’15]15]

Consistent with conclusions in [Consistent with conclusions in [Q.ZhaoQ.Zhao, , G.LiG.Li, , C.H.ChangC.H.Chang, PLB, PLB’’07]07]
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Valuable information for eta-eta’ mixing directly 
extracted from Exp data ! 

Useful inputs to determine the chiral LECs !
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3. Top-down study of the eta-eta’ mixing

What is the underlying reason to consider such a form ? 

Any relation between the four mixing parameters? 

Can we calculate them in an underlying theory?

Yes, let’s go to the top-down approach !

In this case only the light pseudoscalar mesons 
are relevant dynamical d.o.f: the regime of 
Chiral Perturbation Theory
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Relevant U(3) ChPT Lagrangian for eta-eta’ mixing
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Eta-Eta’ mixing

η0 and η8:  
inappropriate 
bases for loop 
calculations

Solution:  to use          from LO diagonalization in loops  , ' 
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General parameterizations of         bilinear terms, ' 

δi’s are calculated up to NNLO in δ-counting U(3) ChPT
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[X.K.Guo, ZHG, Oller, Sanz-Cillero,    JHEP[X.K.Guo, ZHG, Oller, Sanz-Cillero,    JHEP’’15]15]
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Fπ  and FK are also calculated to the same order. 
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Now the mixing parameters ( FNow the mixing parameters ( F00 F F88  θ0 θ8 )are 
calculated in terms of the chiral low energy constants 
up to NNLO !  
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Numerical discussions Numerical discussions 
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[[X.KGuoX.KGuo, ZHG, , ZHG, OllerOller, , Sanz-CilleroSanz-Cillero,  ,  JHEPJHEP’’15]15]
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[[BijnensBijnens, , 
EckerEcker, , ’’1144]]
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Summary and ProspectsSummary and Prospects
• Successful descriptions for the light-meson radiative processes 
and the J/Psi decays involving eta and eta’ are provided by using 
RChT and effective Lagrangians.  

 Eta-eta’ mixing parameters are directly extracted from various 
Exp data here.

• The NNLO calculation for eta-eta’ mixing is performed and 
confronted to lattice QCD results. 

  U(3) ChPT is demonstrated to be a sophisticated tool for 
chiral extrapolations for pi, K, eta and eta’. 

• Continuing Exp and lattice QCD efforts would inspire more 
works: strong decays of eta and eta’, radiative decays with light 
pseudoscalars, eta and eta’ in photoproduction ……  

Thank you!  谢谢大家！


