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AR The mysterious nucleon

A Nucleons constitute the major part of the visible mass of the
Universe.

A Baryons are the simplest system for which the non-abelian
nature of the strong interaction is manifest.

AYet, we dondét yet unde
The valence quarks only
u‘u constitute ~1 % of

dthe nucleon ma
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Nucleon Structure
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A Nucleon structure subject of rigorous studies since the 1960:es.

A Powerful observable of nucleon structure: ElectroMagnetic Form
Factors (E MF B.0 s

i Describes the deviation s
from the point-like case.

I Spin Y% baryons:2F F 0 S
i Sac FF®G and G,, ‘;’.-f' e LSS
i Related to the charge- e

and magnetization
density.
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Time-like vs. space-l 1 k e

Space-like: ¢ ¢

A Studied in eB Y eB scattering.

A q2 = (pie I pfe)2 <0.
A Gg and G,, real numbers. B B

et B
Time-like:
Alne.g. QQ © 66

A q2 — (pe+ + pe_)z >0
A G and G, complex numbers. - =



s Time-like form factors

A Time-ikeFFé6s are compl ex:
- IM[GE(Q?) Gy (QY)]= |Ge(Q%)] IGy (Q?)Isincp T
- Re[Gg(Q?) Gy (Q%)]= IGe(Q)] |Gy (Q?)|cosep
o U = relative phase between G and G,

A The phase between G and G,, i polarisation effects on the
final state even when the initial state is unpolarised.

A Crucial for testing models, especially in the soft-hard transition
region (Q? = 10-15 GeV?).

A Space-like and time-like F F Getated via dispersion relations.
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What happens if
we replace one of the
light quarks in the proton
with one - or many -
heavier quark(s)?



A Protons and neutrons:
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Nucleon vs Hyperon E MF F O

0.5 -
i Time-like FF& should : > oaber :
coincide with space-like 5 04F * rENcs E
at high |Q?| = 2| 8 o3k o :
i Data: £ : T \L E
. o 02 — v .
A Two steep rises w L e ! :
A TL FFs 2 times larger than  0.1F E_‘T"L \l, -
SL FFs at high g2. . %"’{“’L-"'h :
A _ 0.0 18 2.0 22 24 26 28 3.0 3.2 34
Hyperons: Mpp(Gewc"’)

Difference between nucleon and hyperon FF 1T SU(3) symmetry?
Currently the best way to study hyperon structure.
Polarization observables experimentally accessible.
Data: very little published so far *.
* BaBar PRD 76 (2007) 092006.



A Advantages of hyperons

Polarization experimentally accessible
thanks to the weak, parity

violating decay: C

- X
Example: Angular distribution of s Yp“ - decay PyA/
I(cosd,) = N(1+UP, cosd)) A

P : polarisation )

U G64 asymmetry parameter ,
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Energy dependence of the total cross section: Effective form factor

S(BE) | F(Qz) |2 :2[ |G, (Q22)[|2++1|GE (QZ )F ¥ Q&AM

Differential cross section:

o =8 0%16,(@)F @ o03q) 3 B @ ) sif 9)
Angular dependence: Ratio R=|G /G| gz
|Gy F= ; ++R12 |Ff ) e
A IGI=IG, |
i —|G_|=2|G
G F=R ;:Rlz IF? 4 ; \ .

_\ L1 ‘ L1l ‘ L1 1 ‘ L1 1 | L1 L1 L1l | L1l | L1 1 | L1l
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cos(®)



Polarization

k4 Measurement of TL EMFFS
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§—A¢=90"
— A¢=60°

Polarization

: S 2396 GeV S 2396 GeV

0.5 : : :
L I T I S S EN SR SO R P R I T T T T T S S EN SO SO T
-1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1
cos6, cosb6,

Time-like form factors: imaginary part polarizes the final state baryons:

sin J’HIHI[(TE(OQ C (O] /T
)|2 sin? ‘N Qz 12(1 + cos? 0)

Pn_:—(

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

sin 20 Re[Gp(Q?)G ru (@Q*)]/VT
)|12(1 4 cos? 0)

1
C Im —

(

(¢?)]?sin



o BES Il @ BEPC II

r“ -~ S B ORI x 3
Satelllte view of BEPCII /BESIII ¥ ’-" 4

—

e ’\c -

< 2004 started BEPCII upgrade
S BESIII construction
>\ 2008: test run

“2 2009 - now: BESIII physics run
VAR b ook > A

BESIII
detector

BES Il in Beijing, China, unique for baryon TLE MF B 6 s



BES Ill @ BEPC-I
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BEPC = Beijing Electron Positron
Collider.

Operates in the Ucharm mass
region

BES Il = Beijing Spectrometer
- Wide physics scope
- See talk by e.g. A. Denig, B. Liu




R What can we do with BES I11?
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Direct production Initial state radiation (ISR)

AMeasure Q'Q © G0 hr¥ht ¥h+hAhmMm and ¥ ¥ in direct ete-
annihilation in the continuum between Q ~2 and Q ~ 5 GeV.

AMeasure 'Q'Q © O0Ohry H ¥ hir in Initial State Radiation
with the 2.9 fb-tat Q =3.773 GeV.
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UNIVERSITET Rece nt reSUItS frOm BES II I
A . e v O LA | .
Proton EMFF® In Q O nni A Small data scan in 2012 for EMFF
LRAAE RALE RALE T :'I_;E'S"rl"'l"_ measurementin Q Q © 66
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Recent results from BES I

Hyperon EMB

Effective FF
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A Same scan data as in the
proton EMFF case.

A Preliminary: Effective FF at
4 energies.

A More precise than ISR
BaBar data.

A Preliminary: Interesting
threshold behaviour.

A Publication under
preparation.
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New energy scan 2014-2015

A World® largest data sample between 2.0 and 3.08 GeV.
A Nucleon and strange hyperons EMFF& available.
A Unique data sample at s .* threshold.



