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Introduction of EMFFs

® Hadrons are not point-like particles.
® Electromagnetic Form Factors (EMFFs) are fundamental properties of baryons.
.. . Nobel Prize in 1961
» Connected to charge and current distributions. Rev. Mod. Phys. 30, 482 (1958)

» Crucial testing ground for theoretical models of hadron structure. \ e EcTRON scaTTERING
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Time-like EMFFs: Theoretic Review

® Related to space-like EMFFs via dispersion relations.
® Time-like EMFFs are complex.
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> (2= — =phasebetween and

€  production:
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Integrated version: () = 3 (1+2—)| offlSy | effl = Tl
‘ 7 Nat. Phys. 15, 631 (2019)
@ Polarisation and self-analysis of hyperon weak decays: € o} /\\,
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Time-like EMFFs: experimental review

B
B
® Energy Scan Method: ® Initial State Radiation(ISR) Method:
» Well-defined ¢c.m.energy > At a fixed c.m.energy v/ , collecting events
» Very good energy resolution from threshold to \/
» low background » Systematic uncertainty in a coherent way
» Discrete values, leaving gaps without » Large luminosity needed
information » Higher background

Path toward the baryon EMFFs: from low statistics to high statistics

| Integrated cross section : | One-dimensional angular analysis |
| yielding the effective FFs | -: enabled the extractionof | /|1 |
2
| |
1

\ Full multi-dimensional angular |

2 5 | analysis of the decay chain and :
) _
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@ Introduction of EMFFs

€ BESIII Experiment
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BESIII Experiment
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~ accelerator in -charm physics energy region %

Electromagnetic
Calorimeter

CsI(Tl): L=28 cm
Barrel 05=2.5%
Endcap 0;=5.0%

RPC: 9
layers

SC
Solenoid

ToF

— Endcap
ToF

SC
Quadrupole

|
Barrel ‘

Muon Counter
RPC

Barrel: 9 layers
Endcap: 8 layers
Ospatial: 1.48 cm

BESIII detector

Electro Magnetic
Calorimeter

e >

Main Drift Chamber
Small cell, 43 layer
Oxy=130 pm
dE/dx~6%

0, /D= 0.5% at 1 GeV
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Data Samples at BESIII

102 I I 1 1 | 1 | I
® Over 40 fb-! data collected &
w
® Large Charmonium events 10 .
E P : o 2.175: 108 pb~?
[ ] 1 X 1010 / events oo oo ooutmreiime e o K kK K R ook o
1 LA W
« 27x10° (3686) events i 1.84~197 GeV: 13 points ~25 pb~!
. — . 0 2.23~3.67 GeV: 14 points ~110 pb~!
* 20fbat3.773 GeV (" pair) ] 200-308 Gv: 21 pis 50 b
® Unique scan data: i 0.5 1 1.5
! ‘ T 1 | I 1 I 1 T ‘
e Baryon pair threshold J/ ¥ (2S5) b 423+4261.0
YORP 6 08 | [ yes27x10° | a0y 0sm | b
e A pair threshold 5 | i Do 41 1 436 pe B
| »3770):20 ! ouro ;’w‘ 1, o5t | 492
scan R J i s p '
4 1 | 418 ~3m1 [ —
; 1 SR AL ¥ 4.60-4.95 &
® cl Sscan 3 ‘ ‘ | | N {1 o ~6.3 fb~! in total
4 ! j _ | | \? | | } SN R scan data above open-charm threshold
° ——————~ — : et - o—i A
R scan 2000007 fl— - 3.80~4.59 GeV: 118 points, ~950 pb~!
* XYZ scan 3 3.5 4 4.5 5

BESIII provides an ideal environment to study the baryon
EMFFs with both energy scan and ISR methods!
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Nucleon Form Factors at BESIII

® The proton EMFFs have been measured with high accuracy by BESIII:

o e SASR) les s e oz oW 0.05 - + I;Egi/;gfzzj e 3 'El‘n’fl!f!n?o?g) f?iillliﬁiﬁi;ﬂl@
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Ti(GeVic Ti(GeVic p [GeVic] s [GeV]
(C) r M BESII 2020 (d) r W BESII 2020
L N e BESII 2015
0.3+ 0.3+ <  BaBar(unTagged) . o _
: tod W - pomo v’ Wide  region from the ~ threshold up to 14 GeV?
— r ] S L L]
0.2f : . . .
o "* o= u\). v'| / |,| | are determined with high accuracy.
i o i L] . o
o1p T 0AF '* . v' | |is measured for the first time.
r - - " . . .. . .
T b v' Damped oscillation distribution after subtracting the
[s[GeV . .
Is[GeV] e modified dipole. |
PRD 91, 112004 (2015) PRD 99, 092002 (2019) /

PRL 124, 042001(2020) PLB 817, 136328 (2021)
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Nucleon Form Factors at BESIII

® The neutron EMFFs have been measured with high accuracy by BESIII:

b
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Nat.Phys.17, 1200-1204 (2021)
PRL 130, 151905 (2023)
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g BESII b 008 o BESIEM ]
10 FENICE: Nucl. Phys. B, 517, 3 (1998) [9] . o ]
Eoommmmnnnnn Prediction: Phys. Rept. 112, 173 (1984) [11] 0.06 - v BaBar ppy, (2013)[13]
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coupling larger than coupling.

v" Oscillation of reduced-|G| observed in neutron with
a phase orthogonal to that of proton.

v Compared with the FENICE results, the values for
| | from this work are smaller by a factor of 2-3.

v" Results perfer dispersion relations (DR) model.
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Hyperon Form Factors at BESIII

From Nucleon to Hyperon J

® Hard to study hyperon EMFFs in the space-like region due to the lack
of stable and high-quality hyperon beams.

® [n the time-like region, the hyperon EMFFs can be approached by the
study of hyperon production and weak decay (self-analyzing).

Complete Measurement of Hyperon EMFFs J

Unpolarised part Spin correlation part

!
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Hyperon Form Factors at BESIII

400

EMFFs et
J g 00) T
® Energy Scan Method: Cross-section measurements at 4/ = 2.2324, '% 0 —Fi ik (1)
2.400, 2.800, and 3.080 GeV. PrD 97, 032013 (2018) % 1ol
® ISR Method: Cross-section measurements from threshold up to 3.00 .
GeV/c2. PrRD 107, 072005 (2023) AN
® Non-zero cross section observed near threshold, consistent with BaBar. 2f e ——
‘ MAK (GeV/.cz) .
® /[ =22396 GeV, 66.9 pbl. PRL 123, 122003 (2019 ) ) +
» Extractedresults: — = . + . =+ 3 L g %
% 1 : H Y o | b
A= Cx Cx i 8 %
» Confirm the complex nature of the EMFFs of ™| osp +
the hyperon. e N T e S TR

Hailin Song (USTC) Baryon Form Factors at BESIII




Hyperon Form Factors at BESIII

EMFFs J

® A new complete measurement of EMFFs ( o, , ) atfive energies(vy = 2.386-3.08 GeV)
using single- and double-tag method. prL 135, 191 902 (2025)
® Ratio ( 2)=| / |nearly constant; relative phase changes by > 90° between / =

2.396 and 2.654 GeV.
® The dispersive fit givesan = =—0.076 £ 0.043 fm. Asymmetric charge distribution
1_1 """"""""""""""""""""""""""""" __ 25 , :
C % —e— BESIII 2025 (Thiswork) ] 20 i
i BABAR ISR [16] 1 _ _
L + —a— BESIII scan [44] 1 ff 1.5 i ‘ A» +
L =¥ BESHII [11 1 T ! |
L *AH' —V—BESIIII[SR} [43] ] S 0455 i L}» +
| T, ;
O 10 -+ = 10 : :
: ++++ ] 8 i : : .
5 | | o
—f—*—fﬂ—hh s (A
2 |
: i
21 i
02 25 24 25 26 27 28 29 3 a1 ol }

CMS energy (GeV)

q? (GeV?/ch)
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Hyperon Form Factors at BESIII

veewrr 1 * :PLB 814, 136110 (2021)
“otT 1 T .PLB 831, 137187 (2022)
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EMFFs J

cBom (pb)

® Born cross sectionsof * 7 5 Y37 3950 575 are
measured from threshold to 3.02 GeV.

® An asymmetry in cross sections for 2 1sospin triplets: BRI TR
97+13:33x07:1

-
o

[
TTIm)

3f0
Vs (GeV)

r L R A A e
104? —o- This work <~ X°T = X% E

® New measurements for 1isospin triplets at higher energy
regions (from 3.51 to 4.95 GeV).
» Further test the vector-meson-dominance(VMD) model.

PRD 111, LO51502 (2025) ;1100 L % J ;4] T %
JHEP 05, 022 (2024) ml$ W T ﬁ ? %‘TH T‘ j h
arXiv:2602.23835 (2026) 107 ’

4 GeV) 45
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EMFFs J

® A new complete measurement of EMFFs ( ¢, , ) atthree

energies. PRL 132, 081904 (2024)

® Polarization is observed aty/ = 2.396, 2.644 and 2.90 GeV with a
significance of 2.2 ,3.6 and 4.1

%, 5-
Z; | (62, ¢2)
range. g

2

® Relative phase 1s determined for the first time in a wide Analyzed by the joint

® Compared with  potential model!, different tendency in angular distribution

E (a) _+_ 2.3960 GeV E (b) 4-2.6454 GeV ol | (a) This work 100 B (b)
L = |L —— Previous result [

1 _ 2.9000 GeV " [
C r ’ — 150 \ I Y potential model - 0 r .//‘\_\I
S . — L ] O] = L |

| ==, o= =S SUDNIT s s o
F [ |}_ I (2 1 L \\\\\ . <] :

=1 i_ 05F \\ .l' -100 B This work
L r F - YY potential model
1 05 0 05 05 0 05 07— 28 58 24 26 28

coso coso \[g GeV \[g GeV

IPRD 103, 014028 (2021)
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EMFFs

: | ete” > AIA;
y - ‘?‘T 4-BESIII 2023
400 — <-BESIII 2018
Belle
® EMFFs ( o, )are measured from threshold to 4.95 GeV. 2 [  eshold
PRL 131, 191901 (2023); PRL 120, 132001 (2018) s % %

® No indication of the resonant structure Y(4630), as reported by

- %‘Hﬁ%ﬁ

Belle, 1s found. 5 {
® Similar oscillationin| / | distribution as proton observed. _ s (GeV)
15 ¢'e > AA;
: - -4 BESIII 2023 — Combined fit
® * -, T (2595)"+ . .and " T - T (2625 + T e il e
. — SRt S
. are measured for the first time at+/ = 4.918 and 4.951 Q TN e
& |
GeV. PRD 109, L071104 (2024) D N A ¢ S, S
05—¢ =~ b7 T =
o e @] yisof gy ARamee ®; e
P phouve 1% [ s=4950.9 Mev ] /s (GeV)
= | 1 Stioo0f - 1
N P S 1 & | j ] Go/G | i o |
o 50 _—e'-eD;aAciAc(zszs)m.c. . g 50:_ ; |GE/Guyl(s) 1+ a2/ [1 4+ rie " sin(r; )]
— Fit curve g - 4
" ---Threshold 1 & - 1
~ LT :
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Hyperon Form Factors at BESIII

B ete” 5 AT + cc
EMFFS 100 = N (a) —e— This work
. = : —s— BABAR
2 i * A0 threshold
® Cross-section line-shape and are measured from threshold to g ool T A0 eation
3.08 GeV using single-tag method. PrD 109,012002(2024) £
® A nonzero Born cross section 1s observed near threshold. o
® Failedtoextract| / |and due to low statistics. o sew
[ ete” 2 AX +ce.
+ _ . 0.3 = * () —— This work
® Particularity at / mass: - + . . predominantly : = BaBAr
N = 02 AX? threshold
electromagnetic (c,d). Access to EMFFs =
.. ) — 1 £ T
» Isospin violation supress strong processes(a) by ~ 500 gy + H
> process(b) is absent!. oL A i
» Enhanced by vacuum polarization. High precision! S

(| o]

IEur. Phys. J. C 80, 903 (2020)
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EMFFs

y

® First results for complete O EMFFs measurement at / mass. Nat. Commun. 15, 8812 (2024)
4 =| / | =0.860 = 0.029 = 0.010

v ( )=1011+0.094 +=0.010rad
v (  )=2218+0.094 +0.010rad
v CP test: =] — 17— 5] =0003%+0.133+0.014 rad

O 4 = * Each bin result for Jiy—Az" O 4 [ * Each bin result for Jy—AL" —— Global result for Jiy—>Az"
| 4 Each bin result for Jig AT | 4 Eachbinresultfor JigsAT = = Global result for Jiy >AT
0 2 [~ — Global result for Jiyy—Ax® 0 2 B
N | 0 . | T~
== Global result for Jiy—>AX ’

|
™\

D_>‘ Of (_)Q 0Z
0.2 -0.2} 1
—0.4+ | | s 0.4 | | o
-1 05 0 0.5 1 -1 05 0 0.5 1
cosO_, o cosO_, o
¥0/% /%
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Summary and Outlook

® Fruitful physics results of baryon EMFFs from BESIII, via energy scan and ISR
methods.
® Production cross section and EMFFs have been studied for nucleons, hyperons, and
charmed baryons.
® Hyperon EMFFs can be fully determined due to their self-analyzing polarization
( can be extracted)
® These results provide key insights into baryon structure: & [~ Sdenc:jvewg' M
. s L gy T | oD i
threshold effects, coupling strength, and oscillation patterns. 02-‘6 *ﬁf"i’ﬁ, ﬁf E if ", - AT'BESIH
TR . TR i
® More results from BESIII are on the way. ; ‘ ‘ﬁ fw% N | tﬁ% == hram
e | e, Eﬁ, A
1 ﬁ'
0 0.2 0.4 0.6 0.8 ﬁ;m
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Thank you for your attention!!!
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Back Up:
PRD 109,012002(2024),PLB 772 (2017) 16

2
PRD 109,012002(2024) : —_
R _ 80 | —— .a.ta. 6464 GeV
20 R AA MC [ | IR S]gna] :
. B | B Data @ 2.1250 GeV — 5 R ﬁfecay from ¥
& A | - Signal MC = - iy o b0
% L % 60 'y
o] 15 - —— Data @ 2.3094 GeV O] i j Sideband
2 - = —— Total Background
S S — Total
= - S 40 |-
-—r;_ 10 __ i g |
= wm B "
g £ [ "
= s : i o R
'. : l‘ L 1 LAY, e
SR U, 11 : 1-. T ¢ _.’ %
0 TIN5, i o Gl J it 0 ol WP AL L
0 0.1 0.2 0.3 1.1 1.15
Momentum of 7+ (GeV/c) Mseolt (Gevie?)

PLB 772 (2017) 16
Production parameters of spin %2 baryons:

— Effective form factor, related to Born cross-section: |G.r¢| % \/Oporn

2

— Angular distribution parameter 1 = where T = g*/4M?;

— Phase A®
Decay parameter for 2-body decays: «

T+R?2
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EMFFs J
B B ~ :PLB 820, 136557 (2021)
® Borncross sectionsof ¥ ~ - 9 %and T are measured ~T*:PRD103, 012005(2021)
from threshold to 3.08 GeV. LI L B L B B
. . =) 30— —_—
® No significant threshold enhancement observed. 2 TF - o
. . . M1 - == s
® The ratio of Born cross sections for both modes agrees with l% 201 E
the expectation of isospin symmetry. ‘o 102_ N + + * * _
mb B @ -
: -~
O
o I i
w4 n
(e n] B -]
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iﬁ B i
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