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Electromagnetic processes at PANDA  
TL form factors - Hard exclusive processes - Drell Yan 

current activities 

Outline 
Publications/release notes in progress 
Monte Carlo event generators 
Ongoing analyses 



Publica-ons/release	  notes	  in	  progress	  

 
-  Signal and main background 

description (kinematics, models, event 
generators,…) 
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-  Event selection (Multivariate analysis) 
-  Background subtraction 

-  Results for Phase-3 (L=2 fb-1) on |GE|, |
GM|, R, cross section and effective form 
factor 

Iris	  Zimmermann	  

pp→ µ+µ−

pp→ π +π −pp→ µ+µ−



Radia-ve	  correc-ons	  on	  ppbar-‐>e+e-‐	  at	  PANDA	  Monte	  
Carlo	  event	  generator	  (M.	  Zambrana	  at	  al.)	  
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EPJA	  52,	  no.10,	  325	  (2016)	  

•  At low q2, ΔR/R ~ few percent 
 

-> Radiative corrections will be needed 
 
•  Existing package in PANDAROOT 

(PHOTOS) is not adequate 

See	  next	  talk	  by	  
E.	  Tomasi-‐Gustafsson	  	  

pp→ e+e−

•  Development of a complete 
calculation/package for PANDA: 

	  R=1,	  L=	  2	  T-‐1	  



PANDA	  Phase1-‐simula-ons	  (proton	  form	  factors)	  
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	  R=1,	  L=	  0.1	  T-‐1	  

•  Muon	  channel	  at	  p=1.5	  GeV/c:	  	  
	  	  	  	  	  ΔR/R ~ 21%,  Δσ/σ	  :	  5.0%	  
   Approved	  Release	  Note	  RN‑EMP‑2017‑002	  

•  Electron	  channel	  at	  p=1.5	  –	  3.3	  GeV/c	  
   ΔR/R ~ 4% - 26%, Δσ/σ	  :	  5.0%	  
     Release	  Note	  RN-‐EMP-‐2015-‐003	  
	  
	  
Ø  Comment	  from	  referees:	  SimulaVons	  done	  with	  a	  

relaVvely	  old	  version	  of	  PANDAROOT	  (revision	  
25544).	  Check	  the	  results	  with	  a	  new	  version.	  

pp→ µ+µ−pp→ e+e−



PANDA	  Phase1-‐simula-ons	  (proton	  form	  factors)	  
Event	  selec-on	  

pp→ e+e−

Signal	  efficiency	   1.5	  GeV/c	  (	  5.08	  
(GeV/c)2)	  

3.3	  GeV/c	  (	  8.21	  
(GeV/c)2)	  

revision	  25544	   39.5%	   44.4%	  

Dec17p2b	  (Dec18)	   ~33%	   ~31%	  
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pp→ e+e−



	  Analyses	  of	  electromagne-c	  processes	  	  	  

Signal Physics Status 

FFs Completed and published (P3)	

publication in progress (P1, 2)	


FFs Completed, publications in 
progress	


FFs below threshold Analysis ongoing	


TDAs Completed and published (P3)	

	


GDAs 

TMD PDFs Analysis ongoing	


pp→ µ+−µ−

pp→ e+e−

pp→ µ+−µ−X

pp→ γγ

pp→ γ *π 0

pp→ π 0γ

pp→ J /ψπ 0

pp→ e+e−π 0

pp→ e+−e−X



Backup	  Slides	  
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Electromagne-c	  form	  factors	  of	  the	  proton	  in	  the	  unphysical	  region	  

9	  

e+e− ↔ pp

pp→ e+e−π 0
VMD	  
QCD	  inspired	  parametrizaVon	  	  

•  Feasibility studies with PANDARoot are ongoing 

•  Development of an event generator for this process based on the existing 
calculations of the differential cross section  is needed  

p

p

p̄

e+

e+

π0
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TL	  Electromagne-c	  form	  factors	  of	  the	  proton	  (BESIII)	  	  

10	  

e+e− ↔ pp

arXiv:1905.09001	  [hep-‐ex]	  



Drell-‐Yan	  at	  PANDA	  (Anna	  Skachkova)	  

11	  

Boer-Mulders (BM) 

Sivers 

Transversity 

•  PANDA: Boer-Mulders with unpolarized 
proton-antiproton experiment; Sivers and 
Transversity with a polarized target 

The main task - to determine if STT would be able to resolve a small kink of pion-to-
muon trajectory as the most strong criterion of Signal and Background separation 



•  Fermilab ppbar→γπ0 data [8.5 – 13.6] GeV2  
•  Belle, CLEO,… γγ→ppbar data below 16 GeV2 

Ø  Precise data at higher energies and with different processes 
are needed  

     PANDA: ppbar→γγ, γΜ (Μ=π0,,η,ρ0,φ) 	  

Hard exclusive processes at PANDA 

t	  <-‐>	  s	  channels	  
GPDs	  <-‐>	  GDAs	  Data on GPDs from 

HERMES, COMPASS, 
JLAB, … 

GDAs	  

Wide Angle Compton Scattering  

Time-Like Wide Angle Compton Scattering 

Feasibility studies with 
PANDARoot are needed 


