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RECENT RESULTS FROM
THE BESIII EXPERIMENT




Haarons

* Dominant part of visible matter in the universe
* Jo fully understand the strong interaction

* Understanding the rich and complex features of its bound states, hadrons
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Precise tests and rare processes
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Outline of the talk

* The BESIIl experiment
* Hadron structure: Baryon Form Factors
* SM precision tests with semileptonic decays
* Hadron interactions: Study of Antihyperon-Nucleon Scattering
* Spectroscopy
* Light hadrons
* Heavy exotics

* The BESIIl| upgrade program




The BESIII experiment @ BEPCI

» Ecyy=1.84-4.95 GeV Csl(Tl) EM calorimeter RPC Muon Counter
oplE = 2.5 % /\/]_!_2 in the iron yoke

Region below 2 GeV directly accessible (via ISR)
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The BESIII experiment @ BEPCI

o Eqyy = 1.84—495 GeV R = o(e*e™ — hadrons)[o(e*e” — pu*pu™)
n n " " 102:] I | | | | | | | | | | | | | | |
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Spectroscopy & decays of light hadrons and charmonium, charm physics, precision measurements, tests of fundamental symmetry
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HADRON STRUCTURE

Space-like

ete” - BB

BB - ete”
BES III
BELLE II




ptp s AZTA;

* Energy scans from 4.61 to0 4.95 GeV
* Sharp rise in cross section near threshold

* Disagreement with Belle data near 4.6 GeV

* No discernible oscillations of the effective form factors Geff

* Different from the case of proton and neutron

* With the polar-angle distribution of A"

* |Ge| and |Gwm| are extracted
* Energy dependence of R = |Ge/Gw|:

* Damped oscillations with frequency ~3.5 times
larger than for the proton
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PRL 131, 191901 (2023)
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- Fs5(€) = cos’ 6

PRL 132, 081904 (2024)

Complete decomposition of X EMFFs

Using a fully differential angular description of the final state particles

e S s (= Pn)

the relative magnitude and phase of X EMFFs can be extracted

’W (&) < Folé) + aFs(é) Unpolarized part
' + a1 (F1(€) + V1 — a@? cos(AD)FH(€) + aFe(£)) Correlated part
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PRL 132, 081904 (2024)

Complete decomposition of X EMFFs

* Polarization is observed at /s=2.396, 2.644
and 2.90 GeV with a significance of 2.20,
3.60 and 4.1c

* Relative phase is determined for the first
time in a wide g2 range

* |Ge/Gwm| and AD line-shape is

compared with YY model [PRD
103,014028 (2021)], different tendency
in AD

* AQ evolution is an important input for
understanding its asymptotic behavior
and the dynamics of baryons
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PRECISION TESTS OF THE SM
AND RARE PHENOMENA




PRL 134, 011803 (2025)

lest of Lepton FHavor Universality with
D — K*(892) uty,

1500 -
- ¢ Data -
~ | —Total fit ]
> :
D - —Signal process T
0 T C 1000~ .0 . =
* D” — K 7n°u"v, based on 7.93 fb-1 data collected = - DoKnm y
. S [ -D'-Knn'n’ j
at the center-of-mass energy of 3.773 GeV Z _ ..-Other BKG _
§ 500 B 7
* Amplitude analysis to extract S and P-wave = - -
components ok S v s, Foeveesye
-0.2 -0.1 0 0.1 0.2
* The dominant P-wave component is observed with U_..(GeV)
a fraction of
fK*(892)— ={9a242035 .., 3 O°29sys) 7o B(D° — K*(892) pu'*y,) = (2.073 £0.039 + 0.032) %

B(D° — K*(892) u'v,)

Semileptonic D decays provide a good opportunity to rigorously B(D® — K*(892)-e*1,)

= 1.020 £ 0.030,,, + 0.028

Syst

test the Standard Model through lepton flavor universality

B(D° — K*(892)"e*v,) from PRD 99, 011103 (2019)
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PRL 134, 011803 (2025)

lest of Lepton Flavor Universality with

DY o K*(@892) u'y,

« DV > K_ﬂ'o//t_l_l/ﬂ based on 7.93 fb-' data collected

at the center-of-mass energy of 3.773 GeV

* Amplitude analysis to extract S and P-wave
components

* [he dominant P-wave component is observed with
a fraction of

oo =(94241035 079 39

SYS

Compatible with light cone

sum rules predictions
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‘ -_— = - |
1, Theory B (%) ry I ;
|LCSR [7,16] 50110 1.39 0.60 |
VA [17] 1.98 |
CCQM [6] 2.80 1.22 +0.24 092+0.18 [
lCQM [8,18] 3.09 1.56 0.74 ~
l LEQM [9] . 1.36 0.83 }
| HM, T [10] 1.60 0.50 !
1 i
Experiments B (%) ry ry l
‘ J
BESIII [39] o 1.46 + 0.07 + 0.02 0.67 +0.06 = 0.01 §
| FOCUS [11] 1.89 + 0.24 1.71 £ 0.68 + 0.34 0.91 & 0.37 + 0.10 “
| This Letter 2.073 £ 0.039 + 0.032 1.37 4 0.09 + 0.03 0.76 & 0.06 + 0.02 |
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Nature Communications | (2025)16:681

Observation of a rare beta decay of the
charmed baryon with a Graph Neural Network

* Provides unique insights into the fundamental mechanism of
strong and electro-weak interactions

* non-perturrbative QCD effects

* CKM matrix parameters

* The Cabibbo-suppressed decay Aj ~—> ne+ye presents
significant challenges
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¥ Domlnant background events from A+ —_ A€+I/ ; A —> n]z'o 0 01 B2 03 04° 05 06707 08 0o i QO 0r 02 03 04 05 06 07 0809 1
C € GNN output for n/A classification GNN output for 7i/A classification
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Based on 4.5 fb-1 data collected at center-of-mass
energies from 4.6 to 4.7 GeV

B(A; — ne*v,) = (0.357 +0.034,,,, + o.o14syst,) %

consistent with LQCD prediction PRD 97, 034511 (2018)

Impossible to measure the transition FF

Important reduction of systematic uncertainties thanks
to the huge J/y data sample

For the first time, the CKM matrix element | V_, | is
extracted via a charmed baryon decay as

Vgl =0.208 % 0.011,,, +0.007, ocp +0.001

Th+
A

consistent with results from charmed meson (semi-)leptonic decays

Nature Communications | (2025)16:681

Observation of a rare beta decay of the
charmed baryon with a Graph Neural Network

BA! — ne™v,)(%)
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HADRON INTERACTIONS

Crucial component to predict
properties of hypernuclei.
Needed to understand the
hyperon puzzle of neutron stars

HyperOn femtOSCOpy | L’Y: Tag in detector

Hypernuclear studies ! A {

Secondary YN interactions .




PRL 132, 231902 (2024)

Study of Antihyperon-Nucleon Scattering Ap — Ap ano
Measurement of Ap — Ap Cross Section

* Almost monoenergetic A/A beam from 10 billions J/w — AA

” 3.31 oo
+ P, =1.074%0.017 GeV/c [

| +
* [arget: proton, the hydrogen nuclei in the cooling oil of the beam pipe 1 |

0.001436 Au

* A — pr~and A = pr: look for 5 tracks in the final state foaaseaie

|
B
|
{

* Ry signal region [3.0-3.5] cm

* Main background from J/y — A/ where no scattering with proton occurs ! o v z

* To remove events with scattering against Au, Be and C nuclei P(p,;) = | Pyjx + P, — (P,+,- — Pyjx) | < 0.04 GeVic
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PRL 132, 231902 (2024)

Study of Antihyperon-Nucleon Scattering Ap — Ap ano
Measurement of Ap — Ap Cross Section
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% Slight tendency of forward scattering
for Ap = Ap

¥ Strong forward peak for Ap — Ap

O'(Ap ey Ap) = (12.2 o5 1°6stat s 1'lsyst) mb

0(/_\]? = /_\p) - (17.5 1 2-1stat i 1-6syst) mb
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HADRON SPECTROSCOPY




INtro to hadron spectroscopy

Naive Quark Model:
conventional hadrons |
contain two or three quarks i}

* Hadron spectroscopy: establish the spectrum
and study the exotic hadrons properties —

| Glueball  Hybrid

* EXotic states observed experimentally, but their
nature is still far from being understood!!!
https://qwg.ph.nat.tum.de/exoticshub/

r
... but QCD allows also different |
combinations of quarks and gluons: 5 1
EXOTIC hadrons i

Manifestly exotic
* Quark contents more than gg or qgg

* Quantum number JPC not reachable

’ ' Quarkonia .:.
. +
| Hybrids e@A@

| +
# Glueballs ©
| =+

Muli- o—0 0—o
§ quarks +

Physical meson: a
linear superposition of
all allowed color-singlet
configurations

for ordinary mesons or baryons JPC = 0+, 1-+, 2+-
Cryptoexotic exotic
* Overpopulation of states
* Mass/width not fitting in spectra
* Production and/or decay patterns incompatible
with standard mesons/baryons
Kinematic effects

20




states with exotic flavor combinations
state consistent with a conventional cc

states produced directly in ete™
new light states decaying into mesons
new light baryon states

state with exotic J©¢ ‘

I Z (4020)" 7 (4020)°
4 p ¢
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@X(1840)

2012 2014 2016

NEW HADRONS DISCOVERED AT BESIil

0
o 8£:(3900)

Y(4790)g

Y(471 0).
Y(4390) Y({4500)p
Y({4320)

Y4230
(42307 Z..(3985)'®

30 new hadrons at BESII|I

®x(2500)

2X(2600)
of0(2430)
X(2262)® @, 5955 X127 X(2000)
&h. (1900
(1855048 1007)70 “X(1880)
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Observation of Exotic Isoscalar State
771(185 S ) inJ/ y }/7/]7/]’ T e

PRD 107,079901 (2023

e _ _ _ i —

3 : "r l~ [} @x¥dof= 157 — (b) ydof= 152 4 .
* PWA of J/Y—ynn’ using 10 Billion of J/1) data @ BESIII E 300;_* o ;g
| aoof S N
* N—Yy and N YT/ NI 12 | Y P ey ] 3 200
‘. q>> 100: it projection (baseline fit) - q>) 100
e —— e e — = . -
,‘ Y | | 55 BT S .
C ;s » ‘; M) (GeV/c?)
E < n { |
f ‘- < 4002
nl ,;‘ g E 3002 § 400-
s e 5i% 200 % ,
_ £ 2 200
‘ = 100}
* Only isovector candidate observed: 11(1400), r1(1600), m1(2015) | ¢ 0

* An isoscalar 1-+ state, n1(1855), has been observed with

statistical significance larger than 190 | M = (1855 +97%) MeV/c?;, T — (188 + Mev  §

* Mass is consistent with LQCD calculation for the 1-+ hybrid (1.7 §B(J/% — y11(1855) — ynn’) = (2. AlT030) x 10~° §
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PRL 132, 181901 (2024)

X(2370): Glueball-like particle in J/y — yK{KJn'

* PWA using 10 Billion of J/¢ data @ BESII]

* Minimal background contribution: J/y — JZOKOKOn

and J/y — KOKOn since they are forbidden by
exchange symmetry and CP conservation
s o' santn hriw o K. > nln

* Strong enhancement near KQKS mass threshold

from fo(980)
* (Clear connection between fo(980) and the structure | _ : : l |
around 2.4 GeV | 02722 24 26 26 3 0 27222426 28 3 ,
* M(KJK{) < 1.1GeV to select the fo(980) L MewCeVe MGV
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PRL 132, 181901 (2024)

X(2370): Glueball-like particle in J/w — yK{KJn'

e —— _ i _ _ _ — — —— ..

I | s DY i ¢ i ikl

state /JP C\ Decay mode | Mass (MeV/c?) | Width (MeV/c?) | Significance ";2,',‘;:;_(;8,'6; 11

| x2370) [0 | fo(980)y 2395+11 18818 1490 | LF-- T
X(1835) [ 07 | fo(980)7 1844 192 22.00 ; meacigona ] |

| x(2800) | 0 || fo(980)7 27993 660 16 o4 o B N .
e 1o~ | f980) 2983.9 32.0 > 20.00 l o0 m : r
PHSP - n,(KgKg)S—wave - - = - == 9.00 1 | | ) 1’ _ “
7' (KK Q) D-wave —— - - 16.30 b ] Bl
_ f ______ 1 g | E ‘(
% 22 24 26 28 3 §
i K°K° . (GeV/c?) | |
* Best fit can well describe the data including resonances X(1835), X(2370, X(2800), nc { 180?'('5)' T iy, = ssaesz 1)
. 160F |
* Spin parity of X(2370) is determined to be 0-+ with significance greater than 100 | < 140F || | |
o - 1f5al't: a
* X(2800): broad structure to describe the effective contributions from possible high , g:ig_ | | | | H]l |
S 100f |
mass resonances (X(2600)) and the tail of the nc line shape | %’) 80F i H | hl

i "GEJ 605-
1o 40:-

(e s e ——— | 20F ¢ |
| M(X(2370)) = 2395+ 11726 MeV/c2 | | = J

0(!98 E 102104106108 1

| [(X(2370)) = 118757 (stat) T3y (sist) MeV | ey (GoVICH

" i

— —

— — e ————— e e
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Charmonium-like states

Mass (MeV) ‘

Y (4710) =

Charmonia and charmonium-like states

X0@T00) x (4685)

Zs(a220) |

1 1 1 2 1 1 L 1 2 1

Y (4660) X (4630) [17]
3D X¢0(4500)
4500  Y(4500) Z.(4430)*
48 - 2F
W (4415) —_—
. X(4350)
Y (4360) 3p 3p | ACER)
3p 3P .
2D —— _ +
V@a160) Yer(4140) X(4160) Z,(4200)
- 38 IF ‘3100)"
—22- 040 X (4014 X 4050 X(4055)*
40001 00 >p . 7p P X(3940 Z.(4020)*
_— - L Z.(3900)*
N v XaG872) YO0 X, e
lD — h——————
X c0(3860) —_—
LG770) y2(3823) ¥303842)
D°D°
7
1c(2S)
Xc2(1P) I“ Jre
he(1P) Xe1(1P) X(3915) 0F  0FF or 277
3500 X(3940,4160) 77 277
X (4350) 0t 77+
xco(1P) Z* 1+ 1+-
Reo 1+ 0~
X (4020,4055)* 1t ?77-
X (4050,4250)* 1~ 77+
I 'Godfrey—lsgur quark model |
discovered before 2003
3000 _2e(lS) discovered after 2003
0*(07*) 07(177) 07(1*7) 0% (0*) o*(1*) o0*(@2*™) 07 (277) 0°(37) ?7? 1=1

arXiv:223.0829O

* Conventional cc mesons fit well with potential
model

* Abundance of new states with various probes
* b-hadron decays

* hadron/heavy-ion collisions

* vy processes
* e+e- collisions

* BESII| dominant production: vectors and
state produced from vector decays




Observations of new vectors structures

Dressed Cross Section (pb)
HAN

PRL1 31, 21 1 902 (20

= e

IIIIIIIIIIIIIII

¢ BESIII (2022) ¢ This work — Fit result

- Y(4230)

Y(4230)

- Y(4500) ----Y(4710)
)’(4{()(” K+K—Jly

Y(4710)

ks 7<
4.2 4.4 4.6 4.8 |
Vs (GeV)

PRL1 31 1 51 903 (2023)

600:— 2 088 5 i 4'
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5 : > 60 i
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: 479)) ”
n :
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2

o(e*e—D?D,(2536)) (pb)

PRL1 30, 1 21901 (2023)
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10005 — Fit Y (4500) —~+ XYZ data |
E ----- Continuum Y(4660)‘+‘ Scan data
800 [ BW1
600 [ (R e L | . S
400 |— I I I D*OD*—n'+ ..........
200 | ; e i i
= | | 7 A o . -hall ‘ #
0 Bt [ }a ..‘::h'""". ----- - - - - l;
RS TSR I N (Y A Y T [y T (O e O T (N T [ I AR O U T O (ST YO [0 S T R | (o I TP )
42 43 46 47 48 49 5 h
Y (4230) 's (GeV)

i

|

arXiv:2407.07651

| B

48
/s (GeV)

PRL1 30, 121 901 (2023)




I ‘ [

—

P (2S) 4 )

Misick-T  Wam Between 3 and 5 GeV: |
Mark-1 + LGW ’ 6 well known  peaks +
Mark-11
PLUTO 8 new structures

c Crystal Ball
BES
KEDR

e

- -

o(e"e” — hadrons, ) ol¢Te™ Ty

Rls)

Y(4230), Y(4320),Y(4500) Y(4660), Y(4710),

. _ _ . Y(4360), Y(4390 Y(4790
Besides cc states, we also expect gcc hybrids, and 25 ( ) (. 04 ( . )0.4_

® V(4100 PDG2022 o Y(4200) PDG2016 - ® (4415 PDG2022 o Y(4360) PDG2016 | [ o Y(4660)PDG2022 ® Y(4660)-7mp(3686)

F 0 Y(4220)-mly A Y(4220)-xnh, 1 M ’
L 2 Vimmienn ¢ Visrw § Noway & Gtk | [ o oy e v

ccqq tetraquark states. Have they already been observed?  oxf [ v@se @ 4 ) Disgie Ly
-> More theoretical/experimental efforts necessary 8 g J*% = 15 o

0.10F

4.20 . ; 0Ps0 465 470
M (GeV/c?) M (GeV/c?) M (GeV/cd)

Y(42XX) Y(43XX), 1(4415), Y(4500) Y(46XX), Y(47XX)
Measurements at BESII| 1

HOW MANY VECTORS IN CHARMONIUM ENERGY REGION?




BESIII UPGRADE




The BESIII upgrade program: physics

A AT 2.2, Q.Q.

* Upgrade of the C.M. energy to 4.95 GeV, then up to 5.6 GeV

* Measurements of the cross sections near threshold to provide insight of the vacuum productions of
cc and sS pairs

* Study the EM structure of charmed baryons

* Studies of the absolute BFs of . and E, more at arXiv:1912.05983v3
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The BESIII upgrade program: machine

A AT 2.2, Q0.

grade VS BEPCII »

Peak luminosity (cm™s™")

P
ol
i
1

M.

* BEPCII upgrade aims at increasing luminosity by a factor of 3 & increasing beam energy to 2.8 GeV

* Key technologies: double beam power & optics upgrade & new high gradient of magnets

(2020 ) Jun. 2021 O Apr. 2022 @ Jul. 2024
- White Paper of BESIII - Feasibility Study Report Design Finished Shutdown for Installation
BEPCII keep running
Internal Review of Accelerator Project Approved Fabrication Finished ' Commissioning
_JMay. 2020 D Jul. 2021 Jun. 2024 (Jan. 2025
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The BESIII upgrade program CGEM

* 3 layers of cylindrical triple-GEM detectors to
replace the inner MDC

* |mprove rate capability, aging and secondary
vertex reconstruction

* While retaining the current momentum and
tracking performance (6,,/p ~ 0.5 % @1 GeV)

* Main System Requirements
* Angular coverage: 93%

* Low material budget (~0.5% of Xo per layer —> 1.5% of Xo in total)

* High azimuthal spatial resolution —> 130-150 im with charge and time readout

* Substantial improvements in rad hard and secondary vertex reconstruction (~300 ¢m in z)
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Impact on vertex reconstruction

fraction /bin

0.1
0.08

0.06
0.04
0.02 +

0

Fit MDC = - :
Tt CORM. e 1mprove1;1<:nt In z
5 3
t “ ; i+
1 d

g1 @8 .01

r — rye (em)

—0.1 0 0.1 -0.2 0 0.2

Yy — ymc (cm) z — zmc (em)

X(2455) DECAY MODES
AT

T is the only strong decay allowed to a X _ having this mass.

Mode Fraction (I;/T)

Ajm— ~ 100 %

2° DECAY MODES

No absolute branching fractions have been measured. The following are
branching ratios relative to 2 7.

Mode Fraction (I';/T) Confidence level i_i

Cabibbo-favored (S = —3) decays — relative to 2~ 7+
DEFINED AS 1

(P8 o

0.14
0.12
0.1
0.08
0.06
0.04
0.02
0

* Expected impact on vertex reconstruction

* Better separation for complex topologies

and improvements on secondary

vertexes, both crucial for charmed baryon

decays

decay topology example
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INSTALLATION OF THE CGEM DETECTOR
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DETECTOR CABLING
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Summary and outlook

* A selection of recent BESIII results on hadron physics has been presented
* Baryon Form Factor in the timelike region can be studied with great precision
* First observation of a rare beta decay of the charmed baryon with GNN
* (Anti)Hyperon-nucleon scattering campaign has started
* Primary role in hadron spectroscopy continues
* BESIIl will continue taking data until the end of the decade

* An iImportant upgrade program is ongoing to provide more and better data
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» Charmonium radiative decays is the ideal laboratory for light glueballs and hybrids hadron

studies (clean, high statistics and gluon-rich process) o
- Prediction from LOCD

LQCD prediction
for Exotic Hybrids

21—

o

+
myx = 391 MeV
2425128

[g’ q

isoscalar B

isovector

PRLITO, - 1(7/y — yGye+) /T = 3.8(9) X 1073 ¢
021601 (/¢ = yGy++)/T o 9)

| PRL111,

T(J/h = yGye+) /Ty = 1.1(2)(1) X 1072 ||
g/ - yM)~0(aat) 091601 LU/ = ¥Gy) /T = L1Q2)(1)

Glueballs and hybrids are ++ —+ o

expected to have a larger e

yield compared to mesons https://doi.org/10.1142/50218
301309012124

GLUON RICH STATES




maybe as backup or bonus track

New Insight on X(3372): line shape

BESIII PRL 132, 151903 (2024)
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3.86 3.88 39 = 392 3.94 3.96 3.98 345 3.8 3.85 3.9 3.95 4
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- LHCb
Pole positions
B g 0.108 + 0.003*9:392
Two sheets with respect to D*°D? branch cut Re[E,] [MeV] 710
 Sheetl: E —Ey — g/ —2u(E — Eg +il'/2) Im|E;] [MeV] RS
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Weinberg’s compositeness: Z=1: pure elementary state; Z=0:

pure bound (composite) state
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Observations of new vector structures

arXiv:2407.07651

n D D,;(2536) and D; D* 52573

* [o study of the decay and

production properties of
Ds1(2536) and D*s2(2573)

et ——

| 1(253@— (@) L | D*<2573>— o N
@ © :
=20+ >
i _ <+20 J |
= | £ v
| L 0t l“ l l l”J” lllumﬁﬂﬁ”{! I ok ~ﬁ~l¢lm P S i j
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B(D*,(2573)~ — (DK)™) = (74.8 £ 6.2 + 9.2)%

1 o(e'e—D!D.,(2573)) (pb)

* Jension between BESII|
and (ISR) Belle results
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Particle gun with different multiplicities

EXxpected performance

.~ 04
1 E —
K3 - .
| 0aste XY vertex resolution |- eossseseo
' — e
Mg cgemboss665h
0.3 e +
02 = MDC
E "
0.2—
E CGEM
0.15—
0.1
0.05/ .
- s i & g & &
0_ 1 l 1 1 1 l 1 1 1 I 1 1 1 l 1 1 ] l L 1 L l 1 L 1 l 1 I
0 0.2 0.4 0.6 0.8 1 1.2 1.4 @ V/1 .)6
eVvic) |
zRes pt j
| ’é\ 1.2_
9:‘ _m —+—b088665p01
o - .
1= Z vertex resolution ~4- cgemboss6esh
=
— m
0.8—
2 MDC
0.6'_— -
- CGEM
~ @ o
04—
~ .
e
0.2— o 5 .
- a =] ] B =] =1
— @
o | 1. ) T | ? a L. ® ]
0 0.2 0.4 0.6 0.8 1 1.2

_0.0251
s [ |*ve== | momentum resolution
;;-0- 02 :_ —}— cgemboss665h ]
0.015(— .
: [ |
0.01:— .
. - MDC
0.005 ;—:‘ . a CGEM
°o_' I Y S Y ¥ S B I R R §

1.4 16
P, (GeV/c) ;

* No difference between different multiplicities

* CGEM XY resolutions slightly worse at low pt

* CGEM Z resolution much better

* Momentum resolution worse only at very low pt
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