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- Extraction of Form Factors
- BESIII and BABAR experiments

- Proton, Neutron and Lambda Form Factor Measurements in BESIII
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Part I : Introduction 



  

Why measuring time-like e.m. form factors?
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Hadronic e.m. form factors are fundamental hadron structure observables. 

At low Q2 : charge distribution and magnetization

At higher Q2 : valence quark distribution 

Why time-like (TL) form factor (FF) studies?

 → To test pQCD spanding the Q2 kinematical domain up to soft-hard scattering transition region 
(10 – 15 (GeV/c)2)

 → To test synergy between space-like (scattering) and time-like (annihilation) processes: 

FFs in TL and SL have to coincide for large Q2

Why are TL FFs a factor 2 larger than the corresponding SL FFs in intermediate 
momentum transfer range (up to 10 (GeV/c)2)?



  

Initial State Radiation (ISR) 

A way to get the hadronic cross section σ(e+e−→pp) vs Q2 at a fixed energy collider for 
different m

pp
: the Radiative Return  (ISR)the Radiative Return  (ISR)

[S.Binner,J.H.Kühn,K.Melnikov,Phys.Lett.B.459,279(1999)]
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Radiator function
(LO approach)

x

ISR cross section
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[Plot by Ch. Zimmermann, Diplomarbeit, Mainz (2011)]



  

  BESIII vs BABAR Experiments 
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Part II : Simulation Studies



  

BABAR: only tagged events possible due to high energy of photon leading to   
back to back signatures wrt ppbar sytem !!  
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Simulation studies

BES III BABAR
√s = 3.773 GeV √s = 10.57 GeV

(arbitrary normalization)

CM frame CM frame

MC generator used: PHOKHARA ver.7.0 (NLO+ISR, no FSR included )



  

BES III

BABAR

Geometrical Acceptance

untagged

tagged

MC generator used: PHOKHARA ver.7.0 (NLO+ISR, no FSR included )

         Acc
untagged

 =   #evts with p,pbar in detector, γ out
  # evts in LBABAR,BES for √sBABAR,BES 

         Acc
tagged

 =        #evts with p,pbar,γ in detector
      # evts in LBABAR,BES for √sBABAR,BES 

BABAR
untagged

BES III
tagged
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Observable Statistics (inside detector)

MC generator used: PHOKHARA ver.7.0 (NLO+ISR, no FSR included )

  BESIII = ~4.5 x BABAR 

  BABAR(*) = ~2 x BES III 
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Angular Distribution- Resolution in FF Measurement 

CM frame

[H.Czyz,J.H.Kühn,E.Nowak,G.Rogrigo, Eur. Phys. J. C35, 527 (2004)]
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Resolution in FF Measurement: protons

True signal MC with  
GE = GM = F1 + F2

Normalized true MC 
with GE = 0

Normalized true MC 
with GM = 0 

Chi2 minimization: 2 parameters free F0 and F1

How to estimate BESIII expected statistical resolution in FF measurement using 10fb-1 of psi(3770) data?

Tagged events : 
6% global flat eff

Untagged events : 
30% global flat eff
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(*)[B. Aubert et al., Phys. Rev. D 73, 012005 (2006)]

R
(*)
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Neutron TL FF measured only by FENICE experiment at ADONE e+e- storage ring in Frascati.

Result based on 74 events for a total integrated luminosity of 0.4pb-1.

Resolution in FF Measurement: neutrons

R

[Antonelli et al., Nucl. Phys. B517  (1998)]
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Resolution in FF Measurement: lambdas

With 230 fb-1 BABAR collected very little statistics. Only two ratios measured (*):

Factor 5 more stats

(*)[B. Aubert et al., Phys. Rev. D 76, 092006  (2007)]



  

Summary 

Hadronic form factors measurements in BESIII using ISR technique highly 
competitive:

  PROTON channel: factor 3 improvement in statistical resolution of FFs possible

  NEUTRON channel: unprecedented statistics. Resolution in FFs comparable to proton 

  LAMBDA channel: finer measurement + factor 3 improvement in resolution of FFs

Thanks to: 1) high geometrical acceptance of BESIII detector

                 2) low energy of ISR photons in BESIII  → tagged + untagged possible
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The high statistics and good luminosity measurements might allow BESIII 
to measure |GE| and |GM| of nucleons separately



  

Thank you!

Mo, 14:00 HK 1.1 Marc Unverzagt
Mi,  14:00 HK 22.1 Bertram Kopf
Mi,  15:15 HK 22.5 W. Gradl, P. Weidenkaff
Fr,   11:45 HK 54.3 M. Leyhe

Other BES-IIII talks at this DPG: 



  

Backup



  

BES III

BABAR

 - 2.9fb-1 data available at √s = 3.77 GeV

 - Only selected tagged events in this plot

 - About 5 times more data should come                   
   from untagged analysis

 - With 10fb-1 we will improve BABAR stat.             
   resolution by 2 even if they consider their full stats.

 - 232fb-1 data at √s = 10.56 GeV

 - Only tagged events possible

 - About 2 times more data being analyzed.

Problem:  10fb-1 will take years → what about 
a fast R-Scan from 2 – 3 GeV ?
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First look at the data

Bu
t



  

Proton TL FFs measurements

Previous measurements of R = |GE|/|GM| 

1

[BABAR Collaboration (B. Aubert et al.), Phys. Rev. D 73, 012005 (2006)]
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GE = GM assumed

Real extraction from data



  

BES III Detector
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√s = 3.773 GeV √s = 10.57 GeV
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[E. A. Kuraev, V. V. Bytev, E. Tomasi-Gustafsson, arXiv:1103.4470v1(2011)]

ISR Cross Sections. Produced Statistics

 → ~ x 10-1 factor vs BABAR 

 → ~ x 20 factor vs BABAR 

  BABAR(*) = ~2 x BES III 

ISR cross section: 

BESIII BABAR

x x

file:///find/hep-ph/1/au:+Kuraev_E/0/1/0/all/0/1
file:///find/hep-ph/1/au:+Bytev_V/0/1/0/all/0/1
file:///find/hep-ph/1/au:+Tomasi_Gustafsson_E/0/1/0/all/0/1


  

Angular Distribution - Resolution in FF Measurement
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e+

e-



  

Angular Distribution- Fit Results
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RRIf data sample generated with R = |GE|/|GM| =1



  

Phokhara Generator

Form factors decomposed in isoscalar and isovectorial parts

[H.Czyz,J.H.Kühn,E.Nowak,G.Rogrigo, Eur. Phys. J. C35, 527 (2004)]

Parametrization used 

with analytical continuation to TL region as in 



  

Phokhara Generator
[H.Czyz,J.H.Kühn,E.Nowak,G.Rogrigo, Eur. Phys. J. C35, 527 (2004)]



  



  

y

z

x

θpp

γISR

e+e-

x'

y'' z'

pp

x''

y'

z''

The proton case
[H.Czyz,J.H.Kühn,E.Nowak,G.Rogrigo, Eur. Phys. J. C35, 527 (2004)]

Possible frame: 

O' = ΛCMRX(-θpp)RZ(π/2-Φpp)

Recipe: 

1. Define the z' direction as the direction of movement of 
hadronic system.

2. Apply transformation above to proton and photon. This will 
bring them to the hadronic rest frame.

3. Theta_hat is the angle between proton and z'.



  

Angular Distribution- Fit Results
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R
If data sample generated with R = |GE|/|GM| =1

R
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