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Electromagnetic Form Factors (EMFFs)

 Electromagnetic Form Factors are fundamental properties of the Baryons
» Connected to charge, current distribution

» Crucial testing ground for models of the baryons’ internal structure and dynamics
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Time-like EMFFs: theoretic review

1961, first paper by N. Cabibbo and R. Gatto Phys.Rev. 124 (1961) 1577-1595

 The production cross section of ete~ — BB (1/2 baryon) is given:
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» The complex feature of TLFF leads to transversely polarized baryon even the
beams are unpolarized.  nyoy Cim A 109, 241-256 (1996)
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Time-like EMFFs: experiment review

* Energy scan method at

) ) * Initial state radiation (ISR)
discrete c.m.energies

method at a fixed c.m.energy

> Well-defined c.m.energy, low > At a fixed c.m.energy +/s, collecting events
background from threshold to /s

» Very good energy resolution » Systematic uncertainty in a coherent way

» Discrete values, leaving gaps » Large luminosity needed

without information » Higher background




BESIII Experiment

BESIII experimentis based on a symmetric electron positron Super conducting magnet
collider running at the tau-charm region (2.00-4.95 GeV). v 1Tesla

[Nucl. Instrum. Meth. A614, 345-399 (2010)]
Time of Flight (TOF)

» 2 layer plastic scintillators

* o1~ 68ps(barrel)

* o1 = 110 ps (endcap) (~65 ps
after upgrade of MRPC)

« Particle id

J.' i //7 \; Muon system
g.l\ A 9 layersof RPC
‘a'.é‘" =] e P>400 MeV/c
=" 2 - RG~14-17cm

(SR

_ _ Electromagnetic calorimeter (EMC) (CsI(Tl))
Multilayer driftchamber (MDC) 6240 crystals overall
» He/C3Hg (60/40) * o(E)E = 2.5%
« 43 layers * oz4(E)= 05-0.7cm

*  Momentum resolution ¢,/p ~ 0.5% @ 1 GeV 5
- Spatial resolution oy, ~ 130 pm.



BESIII Dataset
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Low energies can be accessed via ISR technique
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data below open-charm threshold

2.23~3.67 GeV: 14 points ~110 pb~!
2.00~3.08 GeV: 21 points ~550 pb~1!

108 pb~1

2.475:

World largest data in tau-charm
region

v Charmonium spectroscopy

v Charm physics

s ¥ Light hadrons

3.85~4.59 GeV: 104 points, ~800 pb~1
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v New physics search

v" Ideal ground to study the Baryon
EMFFs with both energy scan and
ISR methods!
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Recent results of neutron EMFFs

> |Gg|, |Gy, | of neutron are measured separately at /s = 2.0-2.95 GeV.

» Compared with the FENICE results, the values for |G,,| from this work are smaller
by a factor of 2-3. Nucl. Phys. B517, 3 (1998)

» Results are compared with various models: pQCD, modified dipole, VMD and

dispersion relations (DR), and DR model gives good consistency.
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Measurement of Hyperons FFs

* It is difficult to study EMFFs of hyperons in space-like due to the difficulty in stable
and high-quality hyperon beams.

* The hyperons can be produced in e*e- annihilation above their production threshold.
« The angular distribution of daughter baryon from Hyperon weak decay Is:
do

>d—QOC1+C{APy’éI\

» a,. asymmetry parameter (P-violation)

Advantages:
» Cross section can be obtained very close to threshold with finite PHSP of final state.

» With hyperon weak decay to B+P, the polarization of hyperon can be measured, so
does the relative phase between G¢ and G,,! (Of course, enough statistics needed)



Cross section of ete™ - AA

» Cross section of ete™ — AA is measured with 11.9 fb! data collected at /s = 3.773 to

4,258 GeV by ISR method.

* The non-zero cross section near threshold Is consistent with previous measurement.
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Cross section of ete™ - AA

A study of the cross section line shape to search for the source of the non-zero cross section has been

performed. PRD 107.072005 (2023)
« A model inspired by the perturbative QCD has been tried 400 ;
(blue dashed line in figure): Phys. Rep. 550.1 (2015) ~+ %Eé%\ﬁog%%
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decays (¢p(4S), ¢(3D)) to the AA pair around 2.4-2.6 GeV.
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Cross sectionof ete™ » XX~

« Cross section and effective FF are measured with 11.9 fb-! data collected at /s = 3.773
to 4.258 GeV by ISR method.

* The non-zero cross sectlon near threshold IS consistent with previous measurement.
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BESIII scan: 58 + 6158 pb at 2.3864 GeV (~1 MeV
above threshold)

Belle ISR: 169 + 64 + 27pb in [2.379, 2.440] GeV
BESIII ISR: 74729 + 5 pb in [2.379, 2.440] GeV




Cross section of ete™

A study of the cross section line shape has been performed.

« A model inspired by the perturbative QCD has been tried

(blue line in figure): Phys. Rep. 550.1 (2015)
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« A model assuming a resonance exists based on the pQCD is ¢
tried (black line in figure): 42
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where BW (s) = V12l 7BT =
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« The latter gives a better description of the cross section,

a resonance state is proved to exist at around 2.5 GeV with a
significance of 3.40.
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Cross section of ete™ —» Af AL

« Measurements of cross section, |Gg|, |G|, and their ratio are performed at /s = 4.64-
4.95 GeV.

e Flat cross sections around 4.63 GeV are obtained and no indication of the resonant
structure Y (4630), as reported by Belle, is found.

 An oscillation behavior is observed in the energy dependence of Ge |/|GM|, for the first

time.
e'e” > AA; 1.5 _ ete” = AMA;
L 4 BESIII 2023 T 4 BESIII 2023 — Combined fit
400 — -BESIII 2018 i <-BESIII 2018 --Monopole decrease
| s <+ Belle — LY/ N, Threshold  ---Damped oscillation
) N Threshold @3 10— Fmmme
o8 B TN
S’ \LL] : I‘-'*""-.
200 — + 4 oo %‘ %» + S - T N
z R 05 _g' ‘\“ .".‘ “"n._ LY N
o : . .- T -
0 - R I T BN AP N B T [ L T R T T
4.6 4.7 4.8 4.9 4.6 4.7 4.8 4.9
(s (GeV) ls (GeV)

PRL 131, 191901 (2023)



Cross section of ete™ - ATA, + c.c.

e Cross sections of ete™ = ATA.(2595)" + c.c.andete™ - AYA.(2625)” + c.c. are
measured for the first time at 4.92 and 4.95 GeV.
PRD 16, 2165 (1977)

- The angular distribution parameter a, . and FF ratio \/lGEIZ + |Gy |? /|G| foreTe™ -

ATA,(2625)” + c.c. are extracted for the first time by studying the angular distributions
of baryon in final state.

* The non-zero cross sections are observed close to threshold and are fitted by pQCD model.
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Complete measurement of X"EMFFs

« An event of the reaction ete™ - 1 (- pn®)Z™ (- pnY) is
formalized by joint angular distribution:

W(E) < Folé) + aFs(€) Unpolarized part

+aan(F1 () + V1 — a2 cos(AD)VFH (&) + aFe(é)) Correlated part e o
+ V1 — a? sin(AD)(—a; F3(€) + ar F4(§)), Polarized part f/
22 (021 d)Z)

Fo(&) =1 g,
Fi(é) = sin® @ sin @, sin 6, cos ¢y cos ¢y — cos’ @ cos 8 cos b, * Anonzero relative phase leads to
F> (&) = sin @ cos O(sin Gy cos B cos ¢y — cos O sin B, cos ¢,) polarization p,, of the out going
F3(€) = sinfcos fsin f, sin @, baryons:
F4(€) = sin 6 cos 6 sin 6, sin ¢ V1= asinbeosd
Fs(£) = cos” 6 by = 1+ acos?0 sin(A®)

Fo(€) = sin” @ sin 6, sin B, sin @, sin ¢ — cos @ cos 6.
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Complete measurement of £+ EMFFs

« Polarization is observed at /s =2.396, 2.645 and 2.900 GeV with a significance of 2.20,
3.60 and 4.10.

* Relative phase is determined for the first time in a wide g° range.
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Study of the spin 3/2 baryons: ete™ — AA

Normalized likehood

Oete™ - A™TA™ is searched at +/s = 2.3094-2.6464 GeV.

> No significant signal observed, but signal for e*e™ - A™"pm ™ observed.
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Study of the spin 3/2 baryons: ete™ - QQ

OBorn cross sections and effective FF of eTe™ — Q™ Q" are measured at 8 energy points between
Vs =3.49 and 3.67 GeV.

» No significant signal observed.
» Upper limit of effective FF is consistent with pQCD driven prediction.
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Summary

* Fruitful physics results of EMFFs are obtained from e*e- colliders, via
energy scan and ISR methods.

« Conventional parameterization of EMFFs is facing challenge from
experimental observations (threshold effect, oscillation in reduced FFs
and |G¢/G,,| ratio).

* Relative phase of EMFFs gives rise to polarization of final baryons, and
will play an important role in distinguishing various theoretical models.

* More results from BESIII are on the way.
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Summary

* Fruitful physics results of EMFFs are obtained from e*e- colliders, via
energy scan and ISR methods.

« Conventional parameterization of EMFFs is facing challenge from
experimental observations (threshold effect, oscillation in reduced FFs
and |G¢/G,,| ratio).

* Relative phase of EMFFs gives rise to polarization of final baryons, and
will play an important role in distinguishing various theoretical models.

* More results from BESIII are on the way.

Thank you!
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