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Outline 

üBEPCII/BESIII  

üHadron form factor measurements  

          -  Proton 

        -  ISR  p+p- 

        -  Other baryons/mesons  

üCollins effect  

üSummary 
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Bird View of  
BEPCII /BESIII  

BESIII 
detector  

Linac 

2004: start BEPCII construction  
2008: test run of BEPCII  
2009 - now: BECPII/BESIII data taking  

Beam energy 1.0-2.3 GeV 
  Energy spread: Ȣ  

Design luminosity  
1 ³ 1033/cm 2/s @ y(3770)  

Achieved luminosity  
~0.85 ³ 1033/cm 2/s  

IHEP̆Beijing  

Beijing electron 
positron collider BEPCII 

Storage ring  

BSRF 
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BEPC II: Large Crossing Angle, Double-ring  
RF RF 

IP 
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Beam energy:  

     1-2.3 GeV 

Luminosity:  

     1×1033  cm-2s-1 

Optimum energy: 

     1.89 GeV 

Energy spread: 

     5.16 ×10-4 

No. of bunches: 

      93 

Bunch length: 

     1.5 cm 

Total current: 

      0.91 A 

SR mode: 

      0.25A@2.5GeV 

Compton back-scattering 

for high precision beam 

energy measurement 

BESIII is here 
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˃ /ƻǳƴǘŜǊ 

  8- 9 layers RPC 

dRF=1.4 cm~1.7 cm  

Time Of Flight (TOF) 
sT :  90 ps Barrel 
       110 ps endcap 

Drift Chamber (MDC)  

sp/p (0/ 0) = 0.5%(1GeVЄ 

sdE/dx (
0/ 0) = 6% 

EMC̔   s9κҞ9ό0/0) = 2.5 % (1 GeV) 

(CsI)       sz,f(cm) = 0.5 - лΦт ŎƳκҞ9 

Super-conducting 
magnet (1.0 Tesla)    

The BESIII Detector 
NIM A614, 345 (2010) 
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Å July 19, 2008:  first e+e- collision event in BESIII 

Å Nov. 2008:  ~14M y(2S) events for detector calibration 

Å 2009:   106M y(2S),  42pb-1@3.65GeV 

                225M J /y 

Å 2010:   ~0.9  fb-1 y(3770) 

Å 2011:   ~2.0  fb-1 y(3770) 

                ~0.5  fb-1 @ 4.01 GeV 

Å 2012:   tau scan: ~24 pb-1 ; y(2S): 0.4B; J /y: 1B; J /y 

                scan; R scan (2.23, 2.4, 2.8, 3.4 GeV): ~12 pb-1; 

Å 2013-2014: ~5.0 fb-1 @ пΦнсΣ пΦос DŜ±Σ ΧΣ мф Ǉƻƛƴǘǎ ŦƻǊ 

XYZ studies;  ~0.8 fb-1 R scan in 3.8-4.6 GeV, 104 points; 

Å 2015:    ~0.5 fb-1 in 2-3.1 GeV, 20 points; 0.1 fb-1 Y(2175). 

BESIII Data Sets 

²ƻǊƭŘΩǎ ƭŀǊƎŜǎǘ ǎŀƳǇƭŜǎ  

3.5 CLEO-c 
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New scan in 2 - 3.1 GeV 

Å2014.12.30-2015.5.1; 

ÅFrom high to low; 

ÅAdded 2.05 GeV; 

Å20 energy points, 
total online 
luminosity 525 pb-1; 

ÅAllows for form factor 
measurements, 
ǘƘǊŜǎƘƻƭŘ ǎǘǳŘƛŜǎΣ Χ 

6-month plan, finished in ~4 months. 8 Aug.7, 2015, Kunshan 



ÅFundamental properties of the nucleon 
üConnected to charge, magnetization distribution 

üCrucial testing ground for models of the nucleon 
internal structure 

üNecessary input for experiments probing nuclear 
structure, or trying to understand modification of 
nucleon structure in nuclear medium 

ÅDriving renewed activity on theory side 
üModels trying to explain all four electromagnetic 

form factors 

üTrying to explain data at both low and high Q2 

üProgress in QCD based calculations 

Nucleon Form Factors (FF)  

Aug.7, 2015, Kunshan G.S. Huang: Form factor & Collins effect 9 



 

 Electromagnetic Form Factors  

Cristina Morales 

Space-like: 

FF real 

Time-like: 

FF complex 

, ȿ ȿ, ... 
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Cristina Morales 11 

Space- Like(SL) FF: e.g. proton  
There have been many measurements of the proton form factors in the space-

like region. At JLab, the proton factor ratio was measured precisely with an 

uncertainty of ~1%, based on which the proton electronic and magnetic radii 

could be extracted. 

JLab 

JLab 
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QCD predict 

Most experiments assumed GE=GM: 

The precision of BaBar 
is 10%͘ 24%. 

Only two experiments measured 
|GE/GM|, with inconsistent results: 

Time- Like(TL) FF: e.g. proton  

e+e-­pὴӶ: 
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 How to measure TL Nucleon em FFs 

Cristina Morales 

Extraction of R
em

 = |G
E
/G

M
| independent from normalisation through angular 

analysis 

q2 : 4-momentum transferred by the virtual photon    

ɗ : polar angle of nucleon at the CM    

R
em

 = |G
E
(q2) / G

M
(q2) |  

+ R
em

2 

We need to collect data at different ãs of the collider and fit with: 

f(cosɗ) = Norm ·[tau (1+cos2ɗ)+ R
em

 ·(1-cos2ɗ)] 

|G
E
| is supressed at high s by 1/s !! 

Extraction of |G
E
| and |G

M
| with the knowledge of the absolute normalisation 

(Luminosity, rad. corr., systematics, etc.) 
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Proton Form Factors from 2012 test run 
14 

Analysis Features: 

Å Radiative corrections from Phokhara8.0 (scan) 

Å Normalization to e+e- ­ e+e-, e+e- ­ʴ ɹ 
  (BABAYAGA 3.5) 

Å Efficiencies 60% (2.23 GeV) .... 3% (~4 GeV) 

Å | GE/GM | ratio obtained for 3 c.m. energies  

Ecm/GeV Lint / pb -1 

2.23 2.6 

2.40 3.4 

2.80 3.8 

3.05, 3.06, 3.08 60.7 

3.40, 3.50, 3.54, 3.56 23.3 

3.60, 3.65, 3.67 63.0 
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Based on the new scan data in 2-3.1 GeV: 

First time extraction without any assumption! 

ŭ|R
EM

|/|R
EM

| ~ 9% - 35% 

ŭ|G
M
|/|G

M
|  ~  3% - 9% 

ŭ|G
E
|/|G

E
|   ~  9% - 35% 

15% 15% 

15 

Proton FF: expectation from 2015 data 

Will top BaBar result 
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Two measurements: Fenice with 74 e+e- Ÿ nÎ events and recently SND 

TL neutron form factors  

FENICE: Assumption G
E
 = 0,  

motivated by angular distributions 

of nÎ events; 
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Goal: extract em form factors and ratio  

for the first time with an uncertainty  

as similar as possible to the proton case 
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