Recent results of baryon EM
form factors at BESII|

Yadi Wang
North China Electric Power University
(on behalf of BESIII collaboration)

FLtEAEERYEMNE FEINFHITS
2025 4 4 A 18 H—4 A 22 H,BH &



CROSS SECTION IN CM2/STERAD

Nucleon structure
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Nucleon structure

* Electromagnetic Form Factors are fundamental ey "
properties of the nucleon, describing the internal = e ' T
. . . - IS applicabie here confinemen
structure/shape of the non-point-like particle ol =
» Connected to charge, magnetization distribution a, % vy ; " o
» Crucial testing ground for models of the nucleon internal 3T %‘1 e ° &5"
structure - 7 LA
2 _ hadrons are here
* Nucleons are composite objects with inner structure. . it 1
] _ ] 0.1 |- : =y
« Atlow Q, perturbative QCD not possible (expansion [ e
- 0 | ] |
of coupling constant a) e e r 1

. - 1/Q GeV-!
= Nucleon structure must be measured in experiments! -

« The experimental FF is a powerful tool to test various theories in perturbative QCD.



Electromagnetic Form Factors (EMFFs)
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Time-like EMFFs: theoretic review

Dispersion theoretical analysis, provide a coherent framework for the joint

interpretation of SL and TL EMFFs over the entire physical range of g>.

Spin-% baryons: two Form Factors (Electro and Magnetic, EMFFs)

Assuming one photon exchange, the baryon electromagnetic vertex I

describing the hadron current:

! 2 io-ﬂqu 2
L(p',p) = v,F1(a”) + ———F,(q")
My
2
Sachs Form Factors: Gz(q?%) = F;(q%) + ::1229 F,(g?)

Gu(q®) = F1(q%) + kF,(q?)

K is the anomalous magnetic moment



Time-like EMFFs: theoretic review

« Interaction of final states, lead to a non-zero cross 5ok AR
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Time-like EMFFs: experiment review

Energy scan method at
discrete c.m.energies

» Well-defined c.m.energy, low
background

» \ery good energy resolution

» Discrete values, leaving gaps
without information

* Initial state radiation method
at a fixed c.m.energy

> At a fixed c.m.energy +/s, collecting events
from threshold to +/s

» Systematic uncertainty in a coherent way
» Large luminosity needed

» Higher background




Results of nucleon EMFFs

* vy — p coupling larger than y — n coupling => consistent with theoretical predictions:
VMD, Skyrme etc.

* Very sharp step-like behavior of production cross section, anomaly threshold effect
« Damped oscnlatlon distribution after subtracting the modified dipole

effl —
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Results of nucleon EMFFs
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v" Damped oscillation of proton |G./G,,| in TL, unlike SL data

v" Data is compared with various models: pQCD, modified dipole, VMD and dispersion
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Complete measurement of e*e™ - AA

 Cross section of ete™ — AA is measured with 11.9 fb-! data collected from 3.773
to 4.258 GeV by ISR method

« The non-zero cross section is consistent with previous measurement

o(e’

 The relative phase between Gz and G,, is measured for the first time. 50
400 [ PRL123,122003 (2019) b) | %
+ —4— This work 0.5 § 401 .
. e | | 2 ~1
300 . 4 o 20f T -
; —E—%;]/{B;r D-: of J / g e
. — - Fit with Eq. (10) 3 N o TRt i
200 |; — Egr‘g’;fl}él%q' (11) ! \:«%/ FSI in YY interaction |
o5l W20 205230 235 240 245 2
; PRD 107.072005 (2023) ; 5 (Gev)
100 ] =«PRD 100, 073007(,;()19)
cosf 60 - ) _I?Ttiz:t ntial
0 !
- . £ =0.96+0.14 + 0.02 o )
=2 OJ"xIIII 1+ :, AP = 370 i 120 i 60 1
2:4 2:6 218 3 3.2 (Conflrm the Complex form Of 203 24 26 2.8 3.0

M - (GeV/ c?) EM FFS) Js (GeV)

50



Measurement of ete™ - XX

» The cross sections can be well described by pQCD-motivated functions
« Anasymmetry in cross sections 9.7 + 1.3 : 3.3 + 0.7 : 1 => related with valence quark?

« EMFF compared with YY model = different tendency in Ad.
* A® distribution indicates there are integer multiples of & radians, from threshold to cross point.
« The still increasing relative phase indicates the asymptotic threshold has not yet been reached.
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Complete measurement of efe™ - A} A7

» The pronounced signal observed in A} A7 at Belle ---- Y (4660) as charmed baryonium ?
« Aplateauinete™ —» Af A7 --——-similartoete™ - pp
« Similar oscillation in A} |G¢/G,,| distribution as proton observed.
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Results of EMFFs at BESIII
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> Abnormal threshold effects observed in various baryon pair production: pp, AA, AFA7 ...

» Oscillation structures observed in pp, nin

> |Gc/G,,| ratio significantly larger than 1 at low beta for p, A}, 2, indicating large D-wave near threshold
> Relative phase angle of form factor A¢(sinA¢) measured for A, X+, A
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Thanks for your attention!



Weak Radiative Hyperon Decays

- \Weak radiative decays

o flavor changing neutral current (FCNC)
process (s—dy transition)

o Significant non-perturbative QCD effects
> A symphony of strong, weak and EM

Interaction rfe
Q7 ) «

J.ppnp.2016.07.001

avn _ N 1+ a,P;-
da 47'[( Ly D)

°P; -- polarization of the decaying hyperon,

> P -- the unit vector of the daughter baryon’s
momenta in the hyperon rest frame

°ay, -- the decay asymmetry parameter
characterizing the mixing of S and P waves.

v a,, predicted to be 0 in the limit of unitary
symmetry
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B — B’y Analysis
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Complete measurement of A EMFFs

* An event of the reaction e™e™ = A(— pr ™ )A(= prrt) is
formalized by joint angular distribution:

a)(f,,ﬁl@, aw,a_,a},) =1+ awcosze,l

ta_a, [Sinng (nl,x,nz,x — a',pnljy,nzjy) + (COSZGA + a',p)nl)z, nzjz]

+a_a, ;1 — ay? cos(AP) sinb,cos0,(Ny x, Ny ; + Ny 7, N5 x)

+ ’1 — ay? sin(4P) sinf,cosb,(a_ny, + ayn, )

G
G—E = 0.96 + 0.14(stat.) + 0.02(sys.) o
B

M
AP =37 + 12 (stat.) + 6 (sys.)

(Confirm the complex form of EMFFs)
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