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Composition of the Universe

B Nucleon is the dominant component of visible universe
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Need for more data !

B Probe nucleon charge radius:
6p(Q}) =1—=12Q% + - (Q: WEEH)



Nucleon Electromagnetic Form Factor (NEFF)
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LABORATORY ANGLE OF SCATTERING (IN DEGREES)

* The nucleon electromagnetic vertex I';, describing the
hadron current:
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Playground of NEFFs

A

Uanysma'

region

pp—eep

N

FFs are real
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« BESIII measured the FFs in TL
* Test QCD-based theories: VMD,

e In SL FFsis real. PQCD, chPT, lattice QCD...

« InTL, FFs can be complex, |G¢/G,,| and Ad.



Measurement techniques for baryon FF

Energy Scan

Initial State Radiation

Ebeam discrete fixed
L low at each beam energy high at one beam energy
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Status on proton FFs

« Still mystery on proton cross section line-shape
Phys. Rew. D 87, 092005 (2013)
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Status on proton FFs

Inconsistence on |G./G,,| of proton & poor precision

Phys. Rew. D 87, 092005 (2013)

pabar 1 * pQCD predictes a continuous transition and SL-TL
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Status on neutron FFs

* Poor precision, limited g? range in neutron FF
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Status on hyperon FFs

 Rare experimental results on Hyperon FF
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* diquark correlation evidence
* favor spin—isospin singlet



BESIII data samples
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Proton FFs with scan technique

Phys. Rev. D91, 112004 (2015)

« 12 energy points from /s =2.2324-3.671, Liy:: 156.9 pb~1
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 Effective FFs consistent with Babar, improved precision
« Confirm Babar results above on /s =2.0 GeV on |G./G,|

Prc%}:')%cts:

* Precise measurement of proton FFs with larger scan data
set.

« Expected best accuracy of |§—E |, best accuracy<3%.



Proton FFs with ISR technique

« Combined seven data samples (7.4 fb?)
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 Precision on |G_¢|: 4.6%-30.4%(tagged), 4.1%-28.7%(untagged)

* Precision |G¢/Gy,| ratio: 19.1%-35.3%, (tagged), 23.0%-
31.4%(untagged)

« Confirm Babar's result on |G¢/G,,| above threshold



XY View

Neutron form factors at BESIII

e Reconstruction of ete™ — nn
* Challenge:

* Little information on EMC

» Hugh background(Bhabha, digam)
* No available event start time
 Trigger efficiency is threatened.

Prospects:
« BESIII new result (1/s=2.0 to 3.08 GeV) on Neutron Form Factor
is foreseen with high precision (best accuracy < 10%).

« Measured |g—E| ratio for the first time.
M



Threshold effect

* Hyperon pair production:

 Possibility to reconstruct hyperon pair production much close to threshold than the proton
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Measurement of ete™ —» AA at /s =2.2324 GeV

Phys. Rev. D 97, 032013 (2018)

« Near threshold production (2M, +1.0 MeV) and small PHSP in A/A decays
« Indirect search for antiprotonin 4 -» pn~,A - prc*

« Search for mono-energetic 7% in 4 - nn
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LL = threshold

« The anomalous behavior differing
from the pQCD prediction at threshold
IS observed.

*Recalling the baryon pair production cross section:

ama’c 1
055(0) = 5z [1Gu (@)1 + 516 ()]

The Columb correction factor C=== ! -
B 1-exp(~"5)

a charged BB pair, equals to 1 for a neutral BB pair

(Q), cancel the g for
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ete” - A A; near kinematic threshold

Phys. Rev. Lett. 120, 132001 (2018)
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> Ten modes of A} (AZ) are reconstructed

» Measurement of the Born cross section at 4 energy points below 4.6 GeV with
unprecedented statistical accuracy (~1.3% at 4.6 GeV )
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Relative phase of A

« Complex form of FFs:
* Gp = |Gg|e'®E, Gy = |Gyle'®™

* Relative phase: A® = ¢g-dy, et
* A non-zero phase has polarization effect on the Baryons: mh e
. Py X sin Ad ; (0,, ®5)

* The angular distribution of daughter baryon from Hyperon weak decay is:

do ~
Tl 1+ apPy-q
* a,: asymmetry parameter

* §: unit vector along the daughter baryon in hyperon rest frame

With hyperon weak decay to B+P, the polarization of hyperon can be
measurement, so does the relative phase between G; and G,, !



Relative phase of A

 An event of the reaction ete™ - A(— pr™)A(— prrt) is specified by the five
dimensional vector ¢ = (8, Q4,Q,), the differential cross section is:

Phys.Lett. B772 (2017) 16-20
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Fit data by Maximum Log Likelihood
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Summary and discussion

* Nucleon FFs is measured with scan and ISR techniques at BESIII
* Answered the remaining questions on proton %o

e BESII 2015 * BESIII 2012
* Precise measurement on neutron FFs is ongoir s S1°F | o sesioon « BESII2011
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