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Motivation
BESITI spectrometer and data set

» Physics highlights
Proton Form Factors
Neutron Form Factors
Oscillating structure of effective FFs

» Summary



Electromagnetic Form Factors of Nucleons

* Hadrons are not pointlike particles

- EM FFs — internal structure and dynamics of nucleons

Electromagnetic vertex of nucleon: FN(g?): Dirac FF
KV
M = yRRY (07) + <5 FY (42) F (¢%): Pauli FF
Sachs FFs: combination of Dirac and Pauli FFs Gg = F1(¢*) + (q*/4M*)F,(q?)
Space-like

Gy = F1(q%) + F»(q°)
Elastic scattering
Time-like

Annihilation

FFs Real

Unphysical
region

FFs complex
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Motivation

- Complete understanding of nucleon structure

- Electromagnetic Form Factors (FFs) of proton and neutron must be

measured in the time-like region with high precision

» The only available results for neutron are the effective form factor but

with poor precision

» The results from FENICE Experiment show an unexpected behavior

(neutrons FFs twice as large as for the proton)
- Define the best and most precise model to describe nucleon structure

* The pQCD predicts asymptotic behavior for the Space-Like (SL) and Time-
Like (TL) results

- Test of the predictions



Time-like Electromagnetic FFs

- Differential cross section 1 72
do a?B3C 1 p = ;T =3
70 ﬁ [(1 + cos?9)|Gy|* + - smzﬁlG |2] 1-7 4M?

an
C = Y = —

« Born cross section
2ma’pC

3gze @lGul® 1651

OBorn —

* |6el/|6,| ratio extracted from differential cross section at fixed energy

- Effective form factor

6. =\/2r|GM|2 +1Gg|? = |6yl if we assume |Ge| = |6y
21+ 1
* Investigation methods
Direct scan Initial State Radiation (ISR)
* Fixed @ » Continuous g2 (from threshold to s)

- Low integrated luminosity - High integrated luminosity 6



The BESIII Spectrometer @ IHEP

BEijing Spectrometer ITI

e*e” collisions

VS tuned depending on energy [PhYSiCS PPOQPGm]

Muon Counter - 5C magnet @

~

/

TOF - /> Charmonium Physics
A SIS D-Physics
Be heam pipe » Light Hadron Spectroscopy
> t-Physics
Drifi Chamber Q

CsI{T1) calorimeter
D.M. Asner et al, Physics at BES-IIT, arXiv:0809.1869v1 [hep-ex] (2008)



BEPCII Storage Rings

> Beam energy: Beijing Electron-Positron Collider IT
1.0-2.473 GeV (2021)

> Design Luminosity:
1X 1033 cm-2s-! P

P
» Achieved Luminosity: ///
1X1033 cm2s1 (2016) /

> Optimum energy: 17}
1.89 GeV H

> Energy spread: 4
5.16 X104 i

> No. of bunches: ,
93

» Bunch length:
1.5 cm

» Total current:
091 A

> Circumference:
237m
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BESIII Detector

TOF: EMC: CsI crystals, 28 cm
or= 80 ps Barrel AE/E =25% @1 GeV
110 ps Endcap c,= 0.6 cm/\E

/ Magnet: 1T Superconducting

N MDC: small cell & He gas
V — A — -
EEEEEE&EEEE*E*E": O e e 5 o) Xy~ 130 pm
R SER pibihas gty e IS irateletriaetrts 2 c./ p = 05% @1GeV
CsI_EH . ! % Ef :
' ! dE/dx = 6%

Muon: 9 layer RPC

5100
(2373)

Trigger: Tracks & Showers
Pipelined; Latency = 2.4 ms

Data Acquisition:
Event rate = 3 kHz
Thruput ~ 50 MB/s 9
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BESIII Datasets

¥ V5 IGeV]

* World largest data
sample on J/vy,
W(25), y(3770),
Y(4260)... in e*e"
collisions

* From light meson
spectroscopy fo

AN

- Fine and coarse scan
of the accessible
energy region
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BESIII Datasets
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Data taken until 2016

Nucleon FFs
from energy scan data
e'e—NN
2.0 - 3.8 GeV (669 pb!)

Proton FFs
from resonance data
e'e —ppy
above y" (7.5 fb1)
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Proton Form Factors

Scan method

6 7 8 9
o?[(GeVicy]

10 11 4 6
PLB 817 (2021) 136328

LA-ISR: y tagged analysis

Direct process with scan data
« \s=2.232-3.6716GeV, 157 pb, PRD 91 (2015) 112004
« /s =2.000 - 3.080 GeV, 667 pb, PRL 124 (2020) 042001

* most precise measurement at /s = 2.125 GeV

« SA-ISR: /q?

ISR process with scan data

T e BESIII (LA-ISR) 0.4? (b) e BESIII (LA-ISR) + BESII 2020
53 R BESIII 2020 i BESIII (SA-ISR)
3 3 BESIII (SA-ISR) 0.35¢ BESIII 2015
% l BESIII 2015 - * BABAR
] 4 BABAR 0.3 + E835
ST s E - Fenice
iGevIc] N Di:,llce — 0.25F PS170
) C E760
° DM2 © o02F  DM1
= BES - DM2
/ CLEO 0.15F + BES
~ ADONET73 - % v CLEO
v CMD-3 0.1;— & /. ADONE73
— o
L |80:3.0-12.0% 0.05- é%{SIGeffl 17-11.8%
|..=.’§rﬂ5£’ﬂ14'¢m.¢___,| gl OB 0 0 .|...| ?_"II..
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[(GeV/c)]

: vy untagged analysis

« LA-ISR: Vg2 = 1.876-3.000 GeV/c,PLB 817 (2021) 136328
= 2.000-3.800 GeV/c, PRD 99 (2019) 092002
« dataset at s = 3.773-4.600 GeV, L+ = 7.5 fb!
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IG_(s)!
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Proton Form Factors |PRL 124 (2020) 042001
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|G| measured for the first time in the time-like region
Precision of the measurement of |G,,| improved significantly

|G| measured for the first time over a wide range of energies
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Proton Form Factors |PrL 124 (2020) 042001
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ISR process: direct process:
- Rem [* = . do _ _ ma’BC - .. Rem[* ;2
oc [Fm(cos By, Mpp)+ FE(cosbp, Mpp)] 5 = |Gm|[(1 +cos™6),) + sin” 6, ]

cos @ p 2s

|Ge| measured for the first time in the time-like region

Precision of the measurement of |G,,| improved significantly

|G| measured for the first time over a wide range of energies

High accuracy determination of |Ggl/|Gy| (IR.q|) from cos$, distribution
BESIIT results support BABAR data 14



Measurement of Neutron Form Factors

‘e*e- — nn
-Data set collected between 2.000

and 3.080 GeV at 18 different
center of mass energies

* Pure neutral channel
* Only EMC and/or TOF information

- Sophisticated background suppression

arXiv:2103.12486

Spectrometer signals:

Accepted by Nature Physics

« Category A: (EMC + TOF), ... + (TOF),
- Category B: (EMC + TOF),,.. + (EMC), Most energetic signal in EMC
* Category C: (EMC), o + (EMC), associated with anti-neutron

15



Neutron Effective Form Factors [scan method
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arXiv:2103.12486

* Very high precisionat /s = 2.125 GeV (679 events, Acgu/c ~ 4.15%)
« Consistent with SND data at /s = 2.0 GeV
« 2 difference from FENICE data at /s = 2.4 GeV
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Oscillation Structure of Effective FFs

— Fit O BES
W BESIl 2020 FENICE
® BESII 2015 A ETBO
» BESIllunTagged) [ E835
4= BaBar(Tagged) PS170
* CMD3 + DM2

¥ Hndf=4.5104

BESIII

FENICE: Nucl. Phys. B, 517, 3 (1998) [8]
Prediction: Phys. Rept. 112, 173 (1984) [10]
Prediction: Phys Rept. 550-551 (2015)[11]
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The oscillations can be extracted from the effective form factor as
Fosc = |G ¢¢|-FO (FO describes the regular behavior of the form factor
over the long range of the ppbar invariant mass)
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Summary

 High precision measurements of FFs in the Time-like region
Both direct and ISR processes accessible at BESIII
Very high precision in the /s = 2.0 - 3.0 GeV region
Threshold region (v/s < 2.0 GeV) needs more precise data
ISR process offers a unique key to access threshold region

Larger data sample collected by BESIIT (20 fb)

investigation of nucleon EMFFs
investigation of other baryons EMFFs

 Stay tuned for new resultsl!!
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