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● Light meson TFF (from decays) 
● WASA-at-COSY 
● π0 → e+e-γ / e+e- 
● η → e+e-γ / e+e-e+e- / e+e- 
● Anomalous processes  
   η → π+π-γ, / π+π-e+e-;  ω→π+π-π0 

Results on π0 and η TFF from 
WASA-at-COSY   
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Low energy QCD 

l+l- spectra for HI 

dark photon (U boson) 

π0,η Transition Form Factors (TFF) 

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

ω→π0γ* 

φ→π0γ* 

e+e-→π0ω 

φ→ηγ* 

P→γ*γ* 

HLbL for aµ 



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 



Single Dalitz decays 

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

CB/TAPS: PRC89, 044608 (2014)  

Slope from ρ pole 
1.69 GeV-2 



arXiv:1509.02194 

e+e- (V)  π+π-π0 
          π+π-η    

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

TFF 

η → e+e−γ from 
η → π+π-γ 

-0.10 
EPJC73(13)2668 

 A+α => bη=2.05+0.22 GeV-2 







Hadro-production 

                      π0       η         ω           η'    
pd → 3HeX     O(μb)  0.4μb   85nb     0.6nb 
pp → pp X       1  mb   10μb     10μb     300nb 
                     L<1032cm-2s-1=0.1 nb/s 

pp → pp X  



Meson tagging 

pp→ppπ0 

pd→3Heη 

pp→ppη 



L.Heijkenskjöld,S.Sawant,F.Anjum Khan 

 pd→3Heη' 

J.Zlomanczuk 

 pd→3Heω  pp→ppω 



Decay products 



Vertex r 20 mm + PID 

MC 
MC 

Data 

Analysis: π0 → γe+e- 

Vertex r (cyl) 



Extraction of: π0 → γU → γe+e- 

PL B726 (2013) 187 





Analysis: η → γe+e- 

pd → 3Heη   
pp → ppη:  
  2010 data 8w 
  2012 data 8w 
●  expect total 
  ~75k  η → e+e-γ  

η→eeγ 
14040±120 ev 



 η → γe+e- from pp data 

~29k events 

MC signal +  
peaking background 

η → γγ η → γe+e- 

2010 pp data 



 
Full Range:          18400 
IMee[40,50]:        1690 
IMee[360,380]:        80 
D. Pszczel NCBJ/UU 

 η → γe+e- from 2012 pp data 

Preliminary:  
 Energy trigger only 
 60% of 2012 data  
 η peak content 18400 ev 

Resolution in M(ee) 
Preliminary (no kinfit) 

Preliminary: example  
acceptance in M(ee) 



WASA-at-COSY expected 
2010&2012 pp data:  
Full Range:                ~60k 
IMee[40,50]:              ~5k 
IMee[360,380]:        ~240 
D. Pszczel & A. Goswami  

IMee[40,50]:    1690 

IMee[360,380]:    80 

Preliminary:  
 Energy trigger only 
 60% of 2012 data  

CB/TAPS: PRC89, 044608 (2014)  



η → e+e- 

WASA-at-COSY (2013) 
● pd → 3Heη  (all data) 
● <6x10-6 90% CL (prel) 
 
● pp → ppη (1/9 data) 
● <4.6x10-6 90%CL (prel) 
   

P.Wurm,M.Berlowski 

HADES, PLB731 (2014) 265  



η→π+π-π0 

η→eeγ η→eeee 

Branching ratios from pd data 



η→ππγ 

2.6 and 2.5  σ above  
CLEO ,  KLOE 



η→ππee 



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 



ω→π+π-π0 



● WASA-at-COSY experiments finished 2014 
● Data samples π0,η: 
● >5x107 π0 → e+e-γ 
●  50k – 100k η → e+e-γ 
● Many PhD projects will end  2016 
● Branching ratios from pd data final results 
  arXiv: 1509.06588 (today): 

Conclusions/Outlook 
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