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QED Radiative Corrections 
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•  Must be applied to any process involving charged 
particles, in particular electrons 

•  Modify the absolute value of the experimental 
observables and their dependence  from the relevant 
kinematical variables 

GSI, 26-VI-2019 
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Angular distribution  

Adding  odd  
cosθ term 

Angular asymmetry 

E.T.-G. and M.P. Rekalo, PLB 504(2001)  291 
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 PandaROOT simulations on R=GE/GM 
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Few percent error on GE and GM 
implies radiative corrections  
at percent level ! 

D. Khaneft, A. Dbeyssi, et al.,  
EPJA,52 (2016) 325   
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PHOTOS MC 
A. Dbeyssi, PhD  

•  Include radiation from final electron 
•  No interference 



•  Virtual and soft photon emission 

•  Hard photon emission  

•  LLA- Structure Functions Kuraev,Fadin (1985)  
Egle Tomasi-Gustafsson GSI 1/XII/2010 7 
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 Radiative corrections 
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 Radiative corrections 
 

A.I. Ahmadov et al. Phys. Rev. D 82, 094016 (2010) 
G. Bonneau et al. Nucl. Phys. B 27, 381 (1971) 

Virtual Corrections: 
 
•  The proton is treated as a point-like particle 
•  all leptons (e, µ, τ  ), and point-like pion contribute to vacuum polarization 

Real Corrections: the formalism depends on the photon kinematics: 
      soft photon regime 
              -  Eγ<ω no experimental detection of the photon: the  

            threshold ω is determined by theory/experiment 
        - The  cross section is integrated over the photon degrees of freedom 
  
hard photon regime 
             Eγ>ω  the photon is detected in the experiment  
                       the experiment is sensitive to the photon kinematics 

 λ=mγ  ω  Ω 
Real 

Soft   Virtual Hard 

 Eγ 
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 Radiative corrections 
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 Soft and Virtual  Photon Emission  
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 Radiative cross section(soft and virtual RC) 
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 Event Generator (soft and virtual RC) 
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 Hard Photon Emission 
 

Fully differential cross section as function of invariants 

Phase space 

Energy limits on the hard photon 
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 Hard Photon Emission 
 New calculation of hard photon emission: 

A.I. Ahmadov et al. Phys. Rev. D 82, 094016 (2010) 
•  The proton is treated as a point-like particle, exact for leptons 
 J. Van de Wiele and S. Ong, Eur. Phys. J. A49, 18 (2013). 
•  Proton FFs are taken into account, but inconsistently (p* virtuality) 

Unified treatement of soft and hard photon 
A. G. Aleksejevs, S. G. Barkanova, and V. A. Zykunov, Phys. Atom. Nucl. 79, 78 (2016) 
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 Invariants and physical variables 
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 Cross section (invariants)  
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 Invariants and Physical Variables  
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                         physical variables 
 

Cosθe 
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                         physical variables 
 

Eγ 
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 Conclusions 
 

Status: 
 
•  A stand-alone MC generator is under test for  

•  Soft, virtual, real, hard photon emission  

What is next: 
 
•  Full understanding of the 3-particle final state distributions 
•  Study of numerical singularities 
•  Projections of physical spectra in the relevant variables 

•  Replace PHOTOS in PANDARoot for our reaction! 


