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Outline

EM Form Factor in the time like region                

Existing Data (pp -> e+e-, e+e- -> pp, e+e- -> γpp) 
most recent data from BaBar

Possibilities in PANDA



QCD-Renormalisation à la QED

- origin of nucleon mass, effective degrees?
- quark and gluon condensates?
- structure of the nucleon -> Form Factor 

lattice QCD
EFT

models



Electromagnetic Form Factor

< N(p‘)| Quuγμu + Qddγμd +... |N(p)> = 
            <p| F1(q2) γμ + i(κp/2Mp) F2(q2) σμυqμ |p>

Dirac Pauli

vector current: two form factors
internal structure of hadron ground state

Dirac
F1p(q2=0) = 1
F1n(q2=0) = 0

Pauli
F2p(q2) = 1
F2n(q2) = 1

vector current of quarks Qf qγμq

GE = F1 + F2

GM = F1 + τ F2



EM form factor (q2 < 0) recent data

“Polarisation transfer“-technique: 

μP GE ≠ GM

New global L-T
extraction

New Rosenbluth

Polarization
transfer
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Definitions

Form Factor real Form Factor complex

connected by Dispersion relations
no interference in cross section

|F1|, |F2|
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Definitions

Form Factor real Form Factor complex

connected by Dispersion relations
no interference in cross section

|F1|, |F2|
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imaginary 
Part:

Polarisation



Observables

Form Factor real Form Factor complex
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Imaginary Part of Time Like FF





Initial State Radiation
(BaBar)





EM form factor (q2 > 0)
Babar: Initial state radiation (ISR), radiative return

Thanks to V. Zallo and F. Annulli INFN Frascati



EM form factor (q2 > 0)
Babar: Initial state radiation (ISR), radiative return

Thanks to V. Zallo and F. Annulli INFN Frascati



Data



Rosenbluth Technique
(time like)

GE = F1 + F2

GM = F1 + τ F2

at threshold: GE = GM

two approaches: 

assume GE/GM          <-> extract GE and GM



EM form factor (q2 > 0)

Adone e+e-: 25, 69 ev.
ELPAR pp: 34 ev.
DM1,2 e+e-: 63, 172 ev.
  |GE|/|GM| = 0.34
PS170 pp: 3667 ev.
  |GE|/|GM| ≈ 1
E760 pp: 29 ev.
E835 pp: 206 ev.

CLEO e+e-: 14 ev.
BES e+e-: higher stat
BaBar e+e-: high stat

All data: Measure absolute cross section GE = GM 



from Simone Pacetti



EM form factor (q2 > 0)
|GE|/|GM| from dispersion relations



Hep:-ph/0507085

EM form factor (q2 > 0)
|GE|/|GM|

Dispersion Relation

√4Mp2

DM2



PANDA in FAIR

GSI today

FAIR 
future facility
Official Start:
7. November 

2007

- antiprotons
- rare isotopes
- heavy ion beams
- plasma physics
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calorimeter
target

MVD

DIRC
STT/
TPC

Forward 
Spectrometer

Drift chambers

PANDA: the detector

use PID capability of each subdetector
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Detection and idenfication in the different regions

Q²=22.3 (GeV/c)²

cos(θcm)

80 events
106 events 3000 eventsPart. 2

Part. 1

θ1=13.°, p1=2.2 GeV 
θ2=132°, p2=0.67 GeV

θ1= θ2=54 ° p1=p2=1.43 GeV 

θ1=7.4°, p1=6.1 GeV 

θ2=102°, p2=0.8 GeV 

θ1=5.4 °, p1=10.9 GeV 

θ2=85°, p2=1.0 GeV 

θ1= θ2= 41 °
p1=p2=2.2 GeV 

θ1= θ2= 23.5 °
p1=p2=5.95 GeV 

Nb of counts  for pp_bar→e+e- •~100 days, L = 2. 1032 cm-2s-1  2 fb-1

1 
GeV

2.5 GeV 5 
GeV

10 GeV



Background in pp -> e+e-

 Reactions with at least 3 particles produced: 
            (e+e-X, π+π−X,…)

   Particle identification and kinematics constraints
           → no problem ( still to be quantified)

 Reactions with 2 charged particles (π+π-)
 σ(π+π -)/σ(e+e -) ≈ 106   (2μb/8pb at q2=9.(GeV/c)2)
      need rejection of pp → π+ π- by 10-8 

         binary event, mean reject. of 10-4 per π+ and per π-

 very close kinematics 
 PID is crucial, EMC, DIRC, dE/dx 



can we separate π+π-/e+ e-



preliminary:efficieny for e+e- and misidentification

very promising from B.Kopf, Bochum

based on E/p, PID from DIRC and EMC, kinemat. fit



can we separate GE and GM



Rosenbluth Technique
(time like)



GE = 0



GE = 3 GM



Summary
- electromagnetic form factors: 
    fundamental property of Nucleon
- space like -> impact on time like
- what is GE in time like domain?
- possibilities to measure in timelike domain 
    new data from BaBar, not yet from Belle
    proposals DAPHNE, BESIII, VEPP-2000, PANDA
- PANDA opens door to new EM nucleon structure
    EM form factors below threshold
    Axial form factor in time like domain
    space like GPDs -> time like GDA 



EM form factor (q2 < 0) recent data

“Polarisation transfer“-technique: 

μP GE ≠ GM

New global L-T
extraction

New Rosenbluth

Polarization
transfer





from Simone Pacetti



Other EM structure Physics
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EM form factor below threshold
Process:pp->π0 e+e- analogue to ISR 

p(p2)
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EM form factor below threshold

Process:
                pp->π0 e+e-

               



Axial form factor Qwf qγμγ5q
Process:pn->π- e+e- 
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Process:
                pn->π- e+e-

               

Axial form factor
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Tp_bar

(GeV)
Q2  
(GeV/c)2

θCM θlab plab 
(GeV/c)

one π Misident. Probability 
ECAL×DIRC×dE/dx

    π+ π-

Misident.
Probability

1. 5.4 20° 13° 2.2 0.001 × 0.5 ×0.05 = 2.5 10-5 0.1 10-9
160° 132° 0.57 0.033 × 0.003 ×0.03 = 3.0 10-6

90° 54° 1.43 0.001 × 0.3 ×0.03 = 9. 10-6 0.1 10-9
90° 54° 1.43 0.001 × 0.3 × 0.03 = 9. 10-6

2.5 8.2 20° 10° 3.7 0.001 × 1. ×0.05 = 5. 10-5 0.3 10-9
160° 117° 0.7 0.014 × 0.014 × 0.03 = 6. 10-6

90° 41° 2.2 0.001 × 1. × 0.03 = 3. 10-5 0.9 10-9
90° 41° 2.2 0.001 × 1. × 0.03 = 3. 10-5

5. 12.9 20° 7.4° 6.1 0.001 × 1. × 0.1 = 10-4 0.6 10-9
160° 102° 0.8 0.014 × 0.014 × 0.03 = 6. 10-6

90° 32° 3.4 0.001 × 1. × 0.05 = 5. 10-5 2.5 10-9
90° 32° 3.4 0.001 × 1. × 0.05 = 5. 10-5

10. 22.3 20° 5.4° 10.9 0.001 × 1. × 0.3 = 3. 10-4 5.4 10-9
160° 85° 1.0 0.005 × 0.12 × 0.03 = 1.8 10-5

90° 24° 5.95 0.001 × 1. × 0.1 = 1. 10-4 10. 10-9
90° 24° 5.95 0.001 × 1. × 0.1 = 1. 10-4


