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Outline 

●  π0,η,η‘,ω,φ meson factories/data samples  
    (pN, γp, e+e-) 
 
  Transition Form Factors /Anomalous processes 
●  γ∗γ  → η ,π0           (Γγγ)               
● η ,π0 → e+e-γ 
● e+e- → ηγ                                                               
●  η → e+e-e+e-  
● φ → η/π0e+e- (TFF) 
● P → e+e-        
●  η,η’  → π+π-γ, e+e- → ηππ, πππ 
● Belle γ*γ→π0π0 arXiv:1508.06757                       



Structure of light mesons 

L/H energy QDC LAB 

l+l- spectra in HIon 

 

 

Meson Transition Form Factors (TFF) 

MesonNet(HP3) Workshop on Meson Transition Form Factors May 29-30,2012 Kraków 

g-2 HLbL 
Dark photon 

P → l+l- 

Fπ0 q2→∞ puzzle 

η: Γγγ 
mu/md 



Radiative widths of η,π0 

η, π0 : narrow and short lived 
 => Гtot=Гγγ/BRγγ 
 
Two exp. techniques: 
  γZ → η,π0 Primakoff 
    
 
 
 
  e+e-: γγ →η,π0 

δΓ(η→γγ) ~5% 
δΓ(π0 →γγ) ~2.8% 

PrimEx PRL 106,162303(2011) 

[KLOE JHEP1301 (2013) 119] 

Γγγ=520±20stat±13syst eV 
KLOE-2 Taggers 
5fb-1 => δГ(π0→γγ) ~1% 



η,π0 single off shell TFF 

 Data:CELLO,NA60,CB-MAMI,CMD-2,SND 

γγ*→π0 

VEPP 2000 0.3-2GeV 
KLOE-2 ISR, BESIII 

BESIII 
Belle 
KLOE-2 
 

Dalitz decays: 
KLOE, WASA,CBall,BESIII 
CLAS,NA48 

γ*→Pγ 

P→γ*γ 

GlueX 



γγ*→π0 



Dalitz decays 

η → e+e-γ FF=1 
η → e+e-γ 
π0 → e+e-γ 



Data analysis: π0 → γe+e-  

exp  

MC  

π0 → γγ  

1.8 M e+e-  

0.5 M e+e-  



NA48/2: arXiv:1504.00607 

NA48/2 π0 → e+e-γ  



CB/TAPS: PRC89, 044608 (2014)  

η → e+e−γ 



DATA: Lepton G: η' → μμγ   

BESIII: Observation of η’→γe+e- 



σ(e+e- → π0γ,ηγ) 

Data: CMD-2,SND 



 e+e-   ηγ SND PRD 90 (2014) 032002 



TFF kinematic regions: π0,η 

γ*γ*→P γ*γ*→P 

P→γ*γ* 

γ*→Pγ* 

γ*→Pγ* 

π0 η 



Double off shell TFF at KLOE 

γ*→φ→ηγ* L=1.7 fb-1 

η 

TFF=1 => BR=2.5×10-5 

TFF≠1 ΔBR ~ 5% 



ω→π0γ* 

γ*→φ→π0γ* 

e+e-→π0ω 

γ*→φ→ηγ* 

KLOE results       bη(m2
φ) 

 φ→ηγ*  BR 10-4 

Naive VMD: 
Black: bπ 
 Red: bη 
 
  

bπ0(m2
φ)  φ→π0γ*  BR 10-5 

slopes bπ, bη 

Relation  to ω/φ→π+π-π0   

V →  Pγ*  and e+e- → PV processes   

TH: Bonn, GSI, Uppsala, Kharkiv, JLab 



 SND PRD 88 (2013) 054013 

e+e-→π0ω 



φ→e+e-η 

Form factor/BR: Phys.Lett. B742 (2015) 1  

KLOE 2015 



History of π0 → e+e- measurements 



P → e+e-  

Dorokhov,PLB667,145 

3σ diff 

π0/η 

η'/ηc 

e+ 

e+ 

e- 

e- 

HADES 
WASA 
Cball,NA60  Decay 

 Formation 
 ND L=0.5pb-1 

VEPP2000 
BESIII 

 B<1.2·10-7 

CMD3 PLB740, 273 (2015) 
SND PRD91 092010 (2015) 
2.9 pb-1/exp  
Combined B< 5.6∙ 10-9 90% CL 



η → π+π−γ 

Fit 

data 

[WASA PLB707 (2012) 243] 

𝜒𝜒2𝑁𝑁𝑑𝑑𝑓𝑓=8367 

α=1.31±0.08stat±0.40syst GeV-2 

PLB707 (2012) 184 

e+e-→π+π- 

Mππ=√s 

[KLOE PLB718 (2013) 910] 

α=1.89±0.25stat±0.59syst GeV-2 



From η → π+π−γ  to  η → e+e−γ 

-0.10 
EPJC73(13)2668 

KLOE: A+α => bη=2.05+0.22 GeV-2 



η’ → π+π−γ 

Mππ=√s 

η' → π+π-γ 

BESIII 

KLOE PL B718, 910 ('13) 

sππ [GeV2] 

Mππ=√s 

DATA: CBarrel  PLB402,195 ('97);  BESIII PRD87, 092001('13) 

158916±425 



BESIII: Model-independent fit  

P(sππ) = 1+ α sππ + β s2
ππ + δ BWω   P(sππ) = 1+ α sππ + β s2

ππ 

|FV(sππ)|2 

Crystal Barrel: α = (1.80±0.49±0.04)GeV-2 

                            β = (0.04±0.36±0.03)GeV-4 

GAMS-2000:   α = (2.7±1.0)GeV-2 
 
 

ω contribution  is necessary 

Linear polynomial is insufficient...  

Now 1.9 x 106 η → π+π-γ 
 



arXiv:1509.02194 

ππ phase shifts + e+e-  3 π data 
Eur.Phys.J. C74 (2014) 3180 

From e+e-  π+π-π0 to π0 TFF  

Similar strategy for η 
From e+e-  π+π-η to η TFF  



Summary and outlook 

● TFF Neutral meson structure 
● Relation to muon (g-2) HLbL 
● Relation to HVP: e+e-  hadrons 
● Dark photon searches 
● P  e+e-  
● Tests of SM in π0, η, η‘ decays 
● Data samples: 
KLOE,MAMI,NA62,WASA,HADES,JLAB, 
BESIII… (1010π0, 109η, 107η', 1010φ) 
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