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• Polarized decays of Mesons and of the 
Muon. More detailed information with 
respect to unpolarized

• Anomalous helicity flip interpretation

• R- and L-handed lepton distributions

• Photon polarization asymmetry

• sources of precision tests of the SM
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Precision tests of the Standard Model in 
radiative decays of mesons and of the muon are well 

known

Polarized decays contain additional information

 

Pion

Muon
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Axial Anomaly interpretation of helicity flip

Finiteness and separate cancellation of 
collinear and infra-red singularities in 

Right handed and Left-handed polarized final leptons 
amplitudes

We calculate also photon polarization - not considered 
before  ***    
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θ is the angle between photon and lepton
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Photon polarization asymmetry

is an infrared finite quantity   

provides a direct measure of parity violation
• very sensitive to hadronic form factors V and A

Thursday, May 27, 2010



Photon electron and muon spectra
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The anomalous helicity flip 
contribution

• naive prediction of massless QED is that helicity flip 
contribution vanishes at any order in perturbation 
theory

• Lee and Nauenberg (’64) pointed out that there will be a 
non-zero helicity-flip contribution from collinear photon 
emission surviving the limit

• this phenomenon happens also in meson and muon 
radiative decays (T. and Verbeni (’03), Fischer et al. (’02), Sehgal 
and Schulz (’03) )

m_e ----> 0
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• in the radiative scattering of electrons from Coulomb field the 
probability of helicity flip in the massless limit does not vanish

• in massless electron theory, positron will be emitted left-handed 
in  IB contribution to meson decay and analogously for the 
electron in muon decay

• finite right-handed positron/electron contribution in the 
massless limit

• axial anomaly can be traced to the existence of an anomalous 
helicity-flip contribution to the absorbitive part of VVA triangle 
diagram in massless QED (Dolgov-Zakharov (’71) )
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by summing over the polarizations one obtains the usual results
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Conclusions
• we have analyzed polarized distributions in radiative meson and muon 

decays and the definition of photon-polarization-asymmetry has been 
introduced allowing a new approach to investigate interaction 
dynamics via a finite and universal quantity  directly connected to 
parity violation.

• In the pion case the production of hard photons in association with 
soft positron are mainly left-handed polarized

• on the contrary in Kaon case when energy cuts are imposed   both 
positron and photon are mainly right-handed polarized 

• regarding the meson decay in muon channel, photon is mainly left-handed 
polarized

• Mechanisms of cancellations of mass singularities have been analyzed for 
polarized processes

• right-handed lepton contributions are finite while left-handed ones are 
only finite for inclusive processes, i.e. virtual + radiative photons.

• Looking forward to see these properties in the experiments
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