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Outline 

 Light pseudoscalar mesons  and   threshold 
production and decays -  what can we learn from 
them? 

 WASA experiment and world competition 

 Theoretical  description at low energies – Effective 
Chiral Lagrangian and OBE 

  The 3 decays :  light quarks masses  

 Rare decays and new physics 
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 Low energy regime 
 The Lagrangian of QCD is invariant under the 

interchange of the three  light quarks if mu=md=ms.  

 

 

 If mq=0 left  and right handed particles can be rotated 
into each other  

  U(3)L  x  U(3)R Chiral Symmetry  

 Symmetry is spontaneouly broken in real world 

 Octet of pseudoscalar light mesons . Goldstone -Bosons  

Various Phases of QCD , October 8-9, NCBJ Świerk  3 



Light pseudoscalar octet 
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• Eigenstate of P, C, CP, and G: 
 
 Study violations of 
 discrete symmetries 
          

G PCI J =0 0 

•  is one of key mesons 
for our understanding 
of low-energy hadron 
dynamics and 
underlying QCD  



Experiment WASA at COSY accelerator 
 (at CELSIUS Storage Ring before 2006) 

  Meson produced in ppppX or pd3HeX reaction                                              
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Pellet target 
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World Competition in η Decays  

JEF at Jlab 

Low energy  
-facilities 

High energy -
facility 

CBELSA/TAPS at ELSA 

e+e- 

Collider 

Fixed-target 

photoproduction 

hadroproduction 



 At low energy the strong interaction between 
pseudoscalar mesons can be described by an  

    Effective Chiral Lagrangian based on symmetry  

    requirements 

 

 but 

 

 The Langrangian depends on a number of coupling 
constants that are not determined by symmetries 
itselves 
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Isospin violating  +-o decay 

 Strong interaction – isospin violation connected to 

  mu – md   

 A unique source of information on the light quarks 

    mass difference 

 

 

 

 

 

 

  Electromagnetic contributions are small [Bell, 
Sutherland(1968), et al. (2009)] 
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+-0 decay 
WASA 

KLOE The Amplitude can be parametised as: 



Dalitz plot parameters : experiment vs theory  

Various Phases of QCD , October 8-9, NCBJ Świerk  10 

G.Ecker (2015) 

67-Bijnens (2007) 
75-Schneider et al.(2011) 
76-Kampf et al.(2011) 
77-Guo  et al.(2015) 



30 decay  
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|Aneutral|
2 = N(1+2z+…) 

Z = 𝑥2 +  𝑦2 



0 production near threshold  from pppp0 

Data from: 

WASA/CELSIUS (A.Bondar et al) 

and from Indiana Cooler ( Meyer et al) 

 

Dashed line – rescattering added 

Dotted line -  direct production only 

Full line – heavy meson exchnge 
included 

 

But rescattering with off-shell pions  

by Oset group seemed to explain the 
experimental results 
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Maximum pion momentum in pion 
mass units 



Heavy meson exchange or  
off shell -p scattering  amplitude? 

 Which of these explanations, if either, is the correct 
one? [Cohen et al. Phys.Rev. C53 (1996)] 

 Clearly both effects cannot simultaneously be as large 
as the authors of the papers suggested unless there are 
some compensating effects. 

 For example, if the amplitude of the impulse term 
were added to the amplitude for both of these effects, 
the resulting cross section would be approximately 2–
2.5 times larger than the experimental cross section. 
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 According to Park & al. (1995), using systematic ChPT, 
the rescattering term interferes destructively with the 
Born-term  addition of the heavy meson exchange 
contribution is needed 
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Park & al. Phys.Rev C, Vol 53(4), 1995 
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Summary 

 One can extract values for the quark mass ratio 

   R and Q from 3 decays. 

 The area of low energy tests of the SM via ChPT is an 
active and exciting one. 

 With chiral SU(3) there is still room for improvements. 
ChPT seems unable to account for Dalitz plot for 3 
even at NNLO.  

 Slow convergence. 

 Leptonic and semileptonic  decays are studied by the 
WASA collaboration. 
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Backup 
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