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•  Submitted to EPJA on June 30, 2020 
 
•  Answer from EPJA received on October 14, 2020 :   
 

•  clear and appreciated paper; 
•  the final result appears quite impressive: the form factor ratios have 

errors lower or similar to those of the other existing data; 
•  minor modifications are suggested;   

•  Revised version need to be submitted within 6 weeks 
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Main suggested modifications and questions (EPJA muon paper): 
	
  
•  Figure	
  1:	
  for	
  which	
  measurement	
  is	
  the	
  shown	
  set-­‐up	
  meant,	
  why	
  is	
  there	
  a	
  

reference	
  to	
  "Hypernuclear	
  Setup“.	
  	
  	
  In	
  the	
  descrip-on	
  of	
  the	
  experiment	
  and	
  
the	
  references	
  to	
  figure	
  1,	
  it	
  is	
  quite	
  annoying	
  that	
  different	
  names	
  or	
  
abbrevia-ons	
  are	
  used	
  e.g.	
  in	
  the	
  text	
  muon	
  system	
  is	
  used,	
  which	
  I	
  do	
  not	
  
find	
  in	
  the	
  figure,	
  e.g.	
  is	
  the	
  Forward	
  range	
  system	
  the	
  muon	
  range	
  system	
  in	
  
the	
  figure?	
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  figure?	
  
	
  

•  In	
  a	
  recent	
  talk	
  it	
  was	
  commented	
  that	
  the	
  discrepancy	
  (between	
  polarized	
  
elas-c	
  ep	
  scaQering	
  data	
  and	
  Rosenbluth	
  data	
  )	
  is	
  largely	
  resolved	
  due	
  to	
  
mul-ple	
  photon	
  exchange,	
  you	
  do	
  not	
  agree	
  to	
  this	
  statement?	
  
	
  

	
  
•  how	
  is	
  the	
  total	
  systema-c	
  uncertainty	
  calculated?	
  are	
  the	
  syst.	
  uncertain.	
  

correlated	
  for	
  the	
  different	
  energies?	
  how	
  is	
  this	
  treated	
  in	
  the	
  analysis 
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  process	
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Feasibility study with PANDARoot using the one-nucleon exchange model 
presented in June 2020: 
Precision on the form factor ratio and relative phase at the order of few percent 
can be achieved 
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Study	
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Regge pole description, which is based on the exchange of dominant baryon 
Regge trajectories (N and Δ(1232)) at forward  (|t|<<s) and backward (|u|<<s) 
angles. 
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t − channel : 1
t −mN

2 →

DN
Regge(t, s) = sαN (t )−0.5

Γ[αN (t)+ 0.5]
παN

' e−iπ (αN (t )+0.5)

sin[π (αN (t)+ 0.5)]

αN (t) = 0.5+ 0.97(t −mN
2 )

t	
  [GeV2]	
  

J.	
  Gu4mann,	
  M.	
  Vanderhaeghen	
  /	
  	
  
PLB	
  719	
  (2013)	
  136–142	
   Regge	
  trajectory	
  for	
  the	
  nucleon	
  

t-­‐channel	
  

N	
  

•  Modifica-on	
  of	
  the	
  exchanged	
  nucleon	
  
propagator:	
  

•  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  remain	
  unchanged	
  -­‐	
  	
  no	
  addi-onal	
  
unknown	
  parameters	
  are	
  introduced	
  
ΓγNN

ΓγNN
µ (q) = e F1(q

2 )γ µ − i
2mN

F2 (q
2 )σ µνqν

#

$
%

&

'
(
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t − channel : 1
t −mΔ

2 →

DΔ
Regge(t, s) = sαΔ (t )−1.5

Γ[αΔ (t)+ 0.5]
παΔ

' e−iπ (αΔ (t )−0.5)

sin[π (αΔ (t)− 0.5)]

αΔ (t) =1.5+ 0.9(t −mΔ
2 )

t	
  [GeV2]	
  

J.	
  Gu4mann,	
  M.	
  Vanderhaeghen	
  /	
  	
  
PLB	
  719	
  (2013)	
  136–142	
   Regge	
  trajectory	
  for	
  the	
  nucleon	
  

t-­‐channel	
  

Δ	



•  Modifica-on	
  of	
  the	
  exchanged	
  Δ(1232)	
  
propagator:	
  

•  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  introduces	
  the	
  magne-c	
  dipole	
  
form	
  factor	
  GD	
  	
  
ΓγNΔ

ΓγNΔ
α = i 2

3
3e(mΔ +mN )

2mN ((mΔ +mN )
2 − q2 )

GD (q
2 )εαµρσ pΔqσ
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pp→ π 0γJ.	
  Gu4mann,	
  M.	
  Vanderhaeghen	
  /	
  	
  
PLB	
  719	
  (2013)	
  136–142	
  

Regge	
  (N)	


Regge	
  (N+Δ)	
  
Regge	
  (N+0.5Δ)	
  

Differen(al	
  cross	
  sec(on	
  within	
  Regge	
  framework	
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dσ
dq2d cosθ

π 0
dΩe

* = 4πe
2q2 (H11 +H22 +H33)−8e

2pe
*2 H11 +H22

2
#

$
%

+
H11 −H22

2
sin2θe

* cos2ϕe
* + 2H13 sinθe

* cosθe
* cosϕe

* +
1
2
(2H33 −H11 −H22 )cos

2θe
*)

	
  

•  θπ0	
  	
  pion	
  polar	
  angle	
  in	
  the	
  laboratory	
  frame	
  

•  θe*,	
  ϕe*	
  	
  electron	
  polar	
  and	
  azimuthal	
  	
  angle	
  in	
  the	
  virtual	
  photon	
  rest	
  frame	
  (*)	
  

Differen(al	
  cross	
  sec(on	
  within	
  Regge	
  framework	
  

Hµν = GM
2
αµνR

2 +βµν +γµνRcos(φE −φM )"# $%

+ηµν GD
2

+ GD GE τ µν cos(φE −φD )+ξµν sin(φE −φD )"# $%

+ GD GM κµν cos(φM −φD )+ ρµν sin(φM −φD )"# $%

N-­‐exchange	
  

Δ(1232)-­‐exchange	
  

Ν-Δ(1232)-­‐	
  interference	
  

•  αµυ, βµυ, γµυ, τµυ , ξµυ, κµυ , ρµυ , γµυ  depend	
  on	
  s,	
  q2	
  and	
  θπ0	
  

pp→ π 0e+e−
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pp→ π 0e+e−

Proton	
  form	
  factors	
  VMD-­‐	
  F.	
  Iachello,	
  PRC	
  69,	
  055204	
  (2004)	
  



Domain	
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pp→ π 0e+e−

s=5.4	
  GeV2	
   q2=0.605±0.005	
  (GeV/c2)2	
   q2	
  =	
  2±0.125	
  (GeV/c2)2	
  

10o	
  <	
  θπ0	
  <	
  30o	
   2.9	
  .	
  107	
   1.6	
  .	
  104	
  

30o	
  <	
  θπ0	
  <	
  50o	
   6.0	
  .	
  106	
   4.7	
  .	
  103	
  

90o	
  <	
  θπ0	
  <	
  100o	
   9.2	
  .	
  106	
   2.2	
  .	
  103	
  

120o	
  <	
  θπ0	
  <	
  140o	
   8.9	
  .	
  106	
   8.0	
  .	
  103	
  

140o	
  <	
  θπ0	
  <	
  160o	
   5.3	
  .	
  106	
   7.9	
  .	
  103	
  

L=2	
  o-­‐1,	
  	
  proton	
  form	
  factors	
  VMD-­‐	
  F.	
  Iachello,	
  PRC	
  69,	
  055204	
  (2004)	
  
	
  



Other	
  ongoing	
  analyses	
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•  Hard exclusive processes  for GDAs/GPDs measurements at PANDA (Stefan 
Diehl) 

•  Drell-Yan processes at PANDA (Anna Skachkova) 

Next	
  steps	
  (??)	
  …	
  

•  Extend the nucleon-to-pion TDA studies at PANDA to other light or heavy mesons 

•  Radiative corrections to the electron pair production at PANDA (higher order 
corrections) 

•  Polarized target at PANDA 

•  Production of light mesons pairs 
•  .... 

pp→ J /ψM− > e+e−Mpp→ γ *M− > e+e−M

•  C. Adamuscin et al., Phys. Rev., C75:045205, 2007. 
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  Wang	
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  al.,	
  Phys.Rev.C	
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  2,	
  025204	
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  Wang	
  et	
  al.,	
  Phys.Rev.C	
  95	
  (2017)	
  4,	
  045202	
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  Goritschnig	
  et	
  al.,	
  J.	
  Phys.	
  Conf.	
  Ser.	
  503	
  	
  (2014),	
  	
  	
  
	
  	
  	
  	
  	
  	
  012032	
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