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The mysterious nucleon

ÅNucleons constitute the major part of the visible mass of the 

Universe.

Å Baryons are the simplest system for which the non-abelian 

nature of the strong interaction is manifest.

ÅYet, we donôt yet understand it:

The valence quarks only 

constitute ~1 % of 

the nucleon massé           

éand about 1/3 of the spin! 



Nucleon Structure

ÅNucleon structure subject of rigorous studies since the 1960:es.

Å Powerful observable of nucleon structure: ElectroMagnetic Form 

Factors (EMFFôs).

ïDescribes the deviation 

from the point-like case.

ïSpin ½ baryons: 2 FFôs.

ïSachsô FFôs: GE and GM

ïRelated to the charge-

and magnetization

density.



Space-like:

ÅStudied in e-BŸ e-B scattering.

Åq2 = (pieïpfe)
2 < 0.

ÅGE and GM real numbers.

Time-like:

ÅIn e.g. ὩὩ ᴼὄὄ

Åq2 = (pe+ + pe-)
2 > 0

ÅGE and GM complex numbers.

Time-like vs. space-like FFôs



Time-like form factors

ÅTime-like FFôs are complex:

- Im[GE(Q2) GM
*(Q2)]= |GE(Q2)| |GM

*(Q2)|sinȹū

- Re[GE(Q2) GM
*(Q2)]= |GE(Q2)| |GM

*(Q2)|cosȹū

ȹū= relative phase between GE and GM

ÅThe phase between GE and GMïpolarisation effects on the 

final state even when the initial state is unpolarised.

ÅCrucial for testing models, especially in the soft-hard transition 

region (Q2 = 10-15 GeV2).

Å Space-like and time-like FFôsrelated via dispersion relations.



What happens if 

we replace one of the 

light quarks in the proton 

with one - or many -

heavier quark(s)?

proton

ȿ Ɇ0

ɂ- ɋ-

Hyperon Structure



Nucleon vs Hyperon EMFFôs

Å Protons and neutrons: 

ïTime-like FFôs should

coincide with space-like 

at high |Q2| = |q2|.

ïData: 

ÅTwo steep rises

ÅTL FFs 2 times larger than

SL FFs at high q2.

Å Hyperons:

ïDifference between nucleon and hyperon FF ïSU(3) symmetry?

ïCurrently the best way to study hyperon structure.

ïPolarization observables experimentally accessible.

ïData: very little published so far *.

* BaBar PRD 76 (2007) 092006.



Advantages of hyperons

Polarization experimentally accessible 

thanks to the weak, parity 

violating decay: 

Example: Angular distribution of ȿŸp -́ decay

I(cosɗp) = N(1+ŬPȿcosɗp)

Pȿ: polarisation

Ŭ = 0.64 asymmetry parameter



Measurement of TL 9aCCΩǎ



Measurement of TL 9aCCΩǎ
Energy dependence of the total cross section: Effective form factor 
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Angular dependence: Ratio R=|GE/GM|
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Time-like form factors: imaginary part polarizes the final state baryons: 

Real part related to the correlation between the baryon- and antibaryon spin:

Measurement of TL EMFFs

S = 2.396 GeV
R=0.5

S = 2.396 GeV
R=1.0



BES III @ BEPC II

BES III in Beijing, China, unique for baryon TL EMFFôs!



·BEPC = Beijing Electron Positron 

Collider.

·Operates in the Ű-charm mass 

region

BES III @ BEPC-II

·BES III = Beijing Spectrometer

- Wide physics scope

- See talk by e.g. A. Denig, B. Liu  



What can we do with BES III?

Direct production Initial state radiation (ISR)

ÅMeasureὩὩ ᴼὔὔȟɤɤȟɫɤȟɫɫȟɧɧȟɱɱ,  and ɤɤ in direct e+e-

annihilation in the continuum between Q ~ 2 and Q ~ 5 GeV. 

ÅMeasure ὩὩ ᴼὔὔȟɤɤ‎ ȟɫɤ‎ ȟɫɫ‎ in Initial State Radiation

with the 2.9 fb-1 at Q = 3.773 GeV. 



Recent results from BES III

Proton EMFFôs in ὩὩ ᴼὴӶὴ
ÅSmall data scan in 2012 for EMFF 

measurement in ὩὩ ᴼὄὄ.

ÅEffective FF and ratio R = .

ÅAgreement with previous 

experiment.

Published in PRD 91 (2013) 11 112004



Recent results from BES III

Hyperon EMFFôs in ὩὩ ᴼɤɤ

ÅSame scan data as in the 

proton EMFF case.

ÅPreliminary: Effective FF at 

4 energies.

ÅMore precise than ISR 

BaBar data.

ÅPreliminary: Interesting 

threshold behaviour.

ÅPublication under 

preparation.



New energy scan 2014-2015

ÅWorldôs largest data sample between 2.0 and 3.08 GeV.

ÅNucleon and strange hyperons EMFFôs available.

ÅUnique data sample at ȿc
+ threshold.


