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BESIT ,
Outline

° Introduction

* Highlights on recent results
» Hadron production and structure
» Light hadron spectroscopy
» Charmed meson and baryon
» CPV in hyperon decays
» Charmonium(-like) states

* Prospects for the future
*Summary

Disclaimer: selected topics only, not possible to cover all.
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Beijing Electron-Positron
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Center of mass energy: 1.84~4.95 GeV
2008- Now (BEPCII):

Leak = 1.0 x 10%3/cm?s
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Reached designed luminosity in April 2016
Reached highest Ecm=4.95 GeV in Jan. 2021
Reached lowest Ecm=1.84 GeV in Apr. 2024
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BESII BESIII detector

The detector is designed for neutral and charged particle with excellent resolution, PID, and large coverage.

o i EMC: Csl crystals
{ g AE/E =2.5% @ 1 GeV - Barrel
AE/E =5.0% @ 1 GeV - Endcaps
2 — TOF:
""""""" |2z or = 80 ps Barrel
\ ) k¢ o1 = 110 (60) ps Endcap
e e ———=~_ MIDC: small cell & He gas
Gyy= 130 pm
cp/p = 0.5% @1GeV
: dE/dx = 6%
| Magnet: 1T Super conducting Total weight 730 ton,
| Muon ID: 9 layer RPC ~40,000 readout
channels, Data rate:
- Trigger: Tracks & Showers ~ 5kHz, 50Mb/s

Has been in full operation since 2008, all subdetectors are in very good status!
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BESII Cylindrical Gas Electron Multiplier Inner Tracker (CGEM-IT)

e Three layers of cylindrical triple GEM to replace the inner MDC

e Improve spatial resolution along the beam axis (< 300 pm), rate
capability, and radiation hardness

Status and timeline Extractlon of Inner draft chamber on Sep 14th

Software review on Dec. 15t 2023

Performance review on Feb. 20th 2024

Y
= ,@n}g

Overall assessments of Installation (March, 2024)

Installation in October 2024 during the BEPCII-upgrade ¥ ' : s 7R B phars ZEAN, ;,
Ready for mstallatlon on Oct 2nd Completed on Oct 18”" .
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BESI Rich Physics at t-charm Energy Region

o(ete™ — J/v) = 3400nb o(ete”™ — 1(3686)) = 600nb
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« Hadron form factors * Light hadron speFtroscopy XYZ particles
e Rvalues and QCD Gluo-nlc ar\d exotic states Charm mesons
e Physics with t lepton Charm baryons
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BESIT BESIII data samples: rich physics

Totally about 50 fb! integrated luminosity from 1.84-4.95 GeV

Data sets collected so far include

102 | | | ‘ |
> 10 x 10° J/y events
> 2.7 x 10° P(25) events o o 2.175: 108 pb~!
> 20 fbly(3770) 1 T
data below open-charm threshold
» Scan data between o 2.23~3.67 GeV: 14 points ~110 pb~1
1 84-1.97 GeV (L3 points, 25 pb-) ] 200-3.08 Gov: 21 poits -5 ™
. - . ] i ] | I ] ‘ ! ] !
0.5 1 1.5 2 2.5
2.0 - 3.08 GeV, 7 ' ' ' |
. J /P P (25) .| 423+4.26:10
and above 3.74 GeV T/$t0E B A »(4040): 0.5 fo~ b
- > W(3770): 20 fb~1 [Psrro P A 0;.;6_1 Lol
> Large datasets for XYZ studies: R ' | LT — 4 (0BT
4 Pl 418 ~3@t AW :
: : = T 60-4.
scan with >500 pb-! per energy point s | | ﬂ Tfﬁ#.ﬁ‘% Tt | —e3miintotal
space 10 — 20 MeV apart . =

» Entangled hadron pair-productions
near thresholds: form-factors,

relative phase, polarization and CP violation.
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Hadron structure & dynamics in the non-perturbative QCD regime

22nd Lomonosov, Moscow 2025.8




BESII Publications and achievements

« 110 papers published by BESIII in 2024
* 68/64 submitted/published as of Aug. 21, 2025

120 5
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BESIT

Known initial 4-momentum Double tag

Known beam energy: pair productions

-
-

-
-

e+ i;w

Decay with neutron & m°

Single tag
Decay with invisibles: neutrinos _
.- . — Z* > pn®
Missing mass or missing energy
‘p
° ve T (%
MiSSing mass use machine-learning algorithms? R\ w/ '
E under study by \\
Zhang Jian-Lu ‘\ /
E 2 \/A(—:\ — (e}
E E ef:/;e_(eﬂ

b I By e S SR R . 3 é
M2, [GeV/e o @ ~Som @.//
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Advantage: unique data near to the thresholds

Excellent resolution
Beam-constraint A, mass
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BESIT

» Meson and Baryon pairs productions near
thresholds: form-factors, relative phase;

» Hyperon and charmed baryon entangled

Spin polarization;

» CP violation with quantum-entangled

hadron pairs.

E — Fit ~ BES
& 1000k W EBESI 2019 FEMICE
— i & BESIN 2015 & ETB0
\-".E-' = BESINunTaggesd) E&35
g &  BaBar(Tagged) PS1TO
o BaBar{unTagged) +  DM2
E « CMD3 w2indf=0.5863
500 I
0k
2

ValGeV1

Best precision on o: 3% (systematic dominant)
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Advantage: data near t
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SCSII Updated R values at BESII!

- _ “hadrons
q
© lowest
* 14 fine-scan data points from 2.23-3.67 GeV Md 2

. _— R 3 = 2.Qx
* Important inputs for SM-prediction of g-2 flavor
Comparing BESIII R values with previously published results: ° K
v
3 _—
® Myttt PRARLIN:
RENILTREN VRERY XY ++;+ h‘{* [
2 -
| e BESII ® BES 4 CrystallBall
= KEDR ¢ PLUTO ---pQCD+H/Y and '
! I | L I I I I i I L I l !
2.5 3 3.5
Vs (GeV) PRL128, 062004 (2022)
» The accuracy is better than 2.6% below 3.1 GeV and 3.0% above.
» Larger than the pQCD prediction by 2.70 between 3.4 ~ 3.6 GeV.
12

G.S. Huang: BESIII Overview 22nd Lomonosov, Moscow 2025.8


http://link.aps.org/doi/10.1103/PhysRevLett.128.062004
http://link.aps.org/doi/10.1103/PhysRevLett.128.062004
http://link.aps.org/doi/10.1103/PhysRevLett.128.062004
http://link.aps.org/doi/10.1103/PhysRevLett.128.062004

BESTH
The R program at BESIII

6 . BESIII s Crystal Ball !
— = KEDR ---pQCD+J/y and y' E
|« BESII 5
*+ MARK-I :
[ 4
4
4 — + pPLUTO E
2 B _+._++§_f_+$_4._§++_+_ ié*J!+!l”Jl _
B The uncertainty will be reduced to 2% -3 %
— (by a factor of 2-3)
O | | I | ] ] ] ] | 1 1 | I | I | I I ] ]

3 4 5
Vs (GeV)

 Rvalues in full range 1.84 - 4.95 GeV to come soon.
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BESIT Inclusive m° and K¢ productions in ete™ annihilations

a 2.2324 GeV 3.0500 GeV 0.3:_ 22324 GeV ] 3.0500 GeV PRL 130, 231901 (2023)
6 - NNFF1.0 NNLO [ + . NNFF1.0 NNLO
. MAPFF NLO 0 2_ L
4' === AKRS NNLO - ++ +
_ 2 y = ARS NNLO 0 1- +++ /e
:(—; ;.-';' % :-._u |||||||||:"I||||||||||'I'.'I||
> 8 3.4000 GeV % 0.3k 24000GeV | 3.4000 GeV
S g S 4 :
c: cH 4: or:h Omo 2_ ++ r +
8" 518 o N
g 2 - .+ 4+
FD‘: "_D-tcu TR B R SN BN i |
8 3.6710 GeV 0.3F 2.8000 GeV - 3.6710 GeV
6_
4_
2
1 I 1 1 1 1
1.5 0.5 1.0 15

30 05
P (GeV/c)

* Broad relative hadron energy range z, from 0.1 to 0.9 with precision of around 3% at z, ~ 0.4.
 Results significantly deviate from several theoretical calculations based on the existing FFs
 Provide brand new inputs in low-energy region to global fits of fragmentation function

G.S. Huang: BESIII Overview 22nd Lomonosov, Moscow 2025.8 14



BESIT |nclusive n productions in e” e~ annihilations
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e Wide hadron energy fraction coverage z,, € (0.1, 0.9);
e Disagreement with theory prediction, especially at lower energy.
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PRL133, 021901 (2024)
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BESII

Baryon Electromagnetic form factors (EI\/IFF)
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BESI Highlight: light spectroscopy

Light hadrons via Electron-positron annihilations, charmonium decays, charmed hadron decays,
two-photon processes ...

It is crucial to search for light exotic states: glueball, hybrid, multi-quark states ...

Rich light scalars, missed excited baryons ...

e

i i - . . . Discovery of fine structure near proton-
Evidence for Two Excited Q™ Hyperons Discovered a Glueball-like Particle — X(2370) . tv threshold:: X(1840) B d X(1850)
anti-proton resnoiaq:: an 2
PRL 134, 131903 (2025) PRL 132, 181901 (2024) p
OO PRL132, 151901 (2024)
E 3 ‘LA L R R B S B B B B B S B S RN B B
Eo-- W(2109) ¢  Data in signal region = = 2y = 1.20 = ‘
90§ ----- W2012) Total fit @ 3 1805 ?.C :k::a . g  $ et
&-\U\ 805— e Simultaneous background fit _E % :225_ — ::c ﬁrolectl:ﬁ _E &Z; 20000~ E - :;I(t(:e::cl)tyxusso)
> 70 _4 @ — ackground 3 I3 3 - X(1840
C 3 - .- n-r nan ] = L --X(1880)
g 60 9(2109) — 8120__ ------ :[02375?0 =nt - % S' interference term
E _ i = - - X(18385) 4 o = . .- total background
8, 505_ 9(2012) = g 1005 H(Z800) 1 < 40000l
~ i i BO_— — )
2 40E A g r mﬁ 3 o
§ 30E = § 60 E §
@ 20/ 5w 40F S T et
Y ¥ S S N e 3 20 . TEAT s - 0 = semazi e ae —
10 = 0: : N  p= | """-- . ) . ol b L L by
9 L V) - A R L[;L n L»'.’J e '.\._, 1 J: 2 2_2 2_4 2-6 2_8 3 16 17 18 192 2
5 1.6 17 1.8 19 2 2.1 2.2 2.3 MK"K”-n' {GeV/c?) M(ch) (GeV/C )

- 2
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BESIL  Hadron spectroscopy: high-statistics data

X(1835) J/U-yn'mnTn

120
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N W W
o O O,
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o o O
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Structure

PRL 95, 262001 (2005)

More structures

PRL106, 072002 (2011)
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Rich spectra
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You never have enough .J /1 events
—The case for a J/1 factory—

Stephen Lars Olsen

arXiv:2506.20975
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BESII Highlight: light hadron from charmed hadron decays

> ay(980) and f((980): two-quark qq or tetraquark g*q*?

PRL 123, 112001 (2019)

PRD 110, L111102 (2024)

F T
o | o | T P 1 a0
S 20+ 4 2 > F w1 S T
> 200 > 200 > 1001 } a0(980)+1t_ 1 %2 |
= I = . 2,980y | =t
o I o i e L + , y -
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fobbcizre RO | [/ T 2.\ | et AN el B 1 e
0 1 1.5 0 1 1.5 o= 1 s 0™ 1 15
M., (GeV/c?) My, (GeV/c?) M(m) (GeV/c?) M() (GeV/c?)
W-Annihilation W-Emission & W-Exchange
B(DY - aym,ay — mn) = (146 +027)%  BQP" = agn’)=B7+1L1);(agn’) = (9.5+ 1.3) x 107
, 46 T 0. B . _
B(D° - afn™) = (5.5+0.9); (agn*) = (0.7 £ 0.2) X 107 *,ay, - nn
7 PRL 132, 131903 (2024) PRL 134, 021901 (2025)
60 —— I i 200 - —+ sWeighted data
g [ e | T | ' S oo T <
L |eeKagos0y O Lt = = — Ay (980" =
> L *1430)" >t > 100+ v © I ANR () 2
S aof K o(1430) ] % ol % i | g g 7?(]':;::;;) ;
2 L + 5% 2 P N E
o T '2 T2 TRV 2 e s 21|2 70'.7 0.8 1 I _ 1314 115 ‘ :' - 1.8 2
ngr (GeVie?) MK}‘n (GeVic?) M., (GeVic?) Mlz'n (GeV/c?) M,_. (GeVic?) M:\n (GeV/c2)
W-Emission 0 W-Emission & W-Exchang_ﬁ +
B(D* - afKi,ay » mn) = (1.33 £ 0.06)% B(A: = agA,ay — ) = (1.05 + 0.18)%

All of the measured branching fractions deviate from the

predictions made by qg model = g?g* and Final State Interaction?
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BESII Highlight: light hadron from charmed hadron decays

> ay(980) and f,(980): two-quark gq or tetraquark g*q>?

PRL 132, 141901 (2024) PRL 122, 062001 (2019)
10 08 - —_——— 1~ F
% 1 <5200}
o 8 - Data 0.7F = HoF j PT’:-: i
& e = O 1 150
3 of it = 06F = 100f =
L 2/NDF = 0.8 | = S i 1 ook
% x2/ 0.8 o<k S i ] ?:lm;
,;.g 1 N ;5" SUM ':.:; sof
5 Az I e, o
% 0.5 1 3 0.5 1 0555 ! 0 L
7 (GeV2/ct) P (GeV/c?) m,. (GeV/c?) qX(GeV-/ch)
+ + +o -\ -3
B(DS - foe vé}!f(} -1 T ) = (172 + 016) X 10 B(D+ N fOe+vle0 N 7T+7T_) < 28X 10—5
0y =052+ 0.04
. PRL 134, 011904 (2025)
% 150¢ T ) [ e S e Theoretical predictions by — 2—-2
> - JHEP12(2024)226 qq9 q-q
5 o Jo0) 0.52 £ 0.02 0.53 £ 0.02
g % T _ _ 107*B(D} - fye*v,) 1.69 + 1.39 1.72 + 1.48
2 : 1 ] -5 + +
M oM 1 - 05 1 S 1077B(D™ - foe'v, ) 1.3+0.1 2.9+ 0.7
M(n*r) (GeV/e?) M(nn0) (GeV/c?)
B(Df - f,(980)p*,fo » wtn™) = (2.57 £ 0.48) x 1073 Still being controversial!
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BESII Highlight: light hadron from charmed hadron decays

» ap(1817) and f(1710)

1500 400f-
T z t
= 1000f- s
S T =
8 8
ER! S
2 2
o 500 C §
2 @
o Lv_r‘l“-ﬁ--L . of
! 2 3 0.5 1

m? (K K*) (GeVZ/c?)

PRD 104, 012016 (2021)

1.5 2
m? (K n*) (GeV¥c?)

B(DS - fo(1710)n*, fo » K*K™) = (0.10 £ 0.04)%

Events/(20.0 MeV?/c*)

100

150

sol-

L4l Iy

PRD 105, L051103 (2022)

P (o))
o =)
B s

Events / (20 MeV/c?)
S
—

05

Events / (20 MeV/c?)
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K*K*(ssu)"

K'K’(892)
— - K'K (1410)
- a,(980)'
— a,(1817)'n"

12 14 16
M KK (GeV/c?)

III.SI”I?I_I 1

m? (K* w+) (GeV¥e?)

Events / (20 MeV/c?)

PRL 129, 182001 (2022)

12

M PO (GeV/c?)

I} One order of magnitude
if /] larger than the expectation!

.....

f T
T

100
—— Data < ; L
— Total fit § -
------ KK (892)" { S I
------ S(710)rc* { = 50F

¥ =~
.-+’ LA - ..'":“ l-i- g i arnnen
T v 7 ST
14 16 18 0

M K'K? (GeV/e?)

08 1

Events / (20 MeV/c?)

M., (GeV/c?)

B(Df - ay(1817)*n% a, » KIK*) = (3.44 + 0.61) x 1073

Mass: (1.817 + 0.02)GeV/c?

Width:

(0.097 + 0.027)GeV/c?

22nd Lomonosov, Moscow 2025.8

12 14

My, (GeVic?)

/

B(D{ - fo(1710)7*, fy - K{KS) = (0.31 £ 0.03)%

[sospin-one partner of
f0o(1710) or X(1812)?
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BOIL Highlight: Puzzle of ¢ decays in charm

> InD} - ntntnn®, D} - ntrntn n'n® and KYKYmr decays, Relative Branching
Fraction of ¢ meson deviate from PDG;

» More results are coming. New mechanism?
_ B(¢ = ntnn0)
B B¢ - KTK~)

_ B(¢ — KsKy)
T Blg— KTK-)

ng R¢'

. ' r I ' ' | ' . . . . : . .
HBC 1972 0.28+0.09 BRJ\MON (8] 0.62 |
OSPK 1976 0.283+0.015 — FISCHBACH [10] 28
BENAYOUN [11] 0.71
ND 1991 0.291+0.015 - DUBNICKA [12] 0.644:0.017
CMD2 1995 0.328+0.017 — | HBC _157_2_[i5_]_ 089010 || @00 ——
CMD2 1998 0.295:0.019 —_ BRC17T (16l D008 —
HBC 1978 [17] 0.82+0.08 ——
SND 2001 0.324+0.017 ——
OLYA 1978 [14] 0.70+0.06 —
CMD2 2011 0.316+0.011 - CMD2 1995 [18] 0.68+0.03 ——
PDG fit 03130010 - CMD3 2008 [19] 0.638+0.022
BESII(m*n*nn’n’)  0.222+0.025 3 = 4 0 s e DrAlellion ==
‘ ' PDG fit [13] 0.6900.014 - 3 2
BESHI(n*n*nn’) 0.230+0.017 4 2.Q This paper 0.597+0.033 - 0
. : l | i | 1 | i . e | . . . . | 1 , :
. R, (w'wn’IK*K) L 0 R ¢0’5 1
arxiv:2501.04451 KOK9/K+K-

PRL 134, 011904 (2025) arxiv:2503.11383
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BESII Highlights: The most precise measurement of D* — v,

The most precise measurement of D* — p*v, with 20.3 fb2@3.773 GeV

| +Data e |
| —All PDF i
600 TG nal PDF 2890157 _
kS —All background
-1 . n+n0 .+_ -
>
© R G A A 3 ]
C 400 —Other background —
5‘ L
= .
"‘-w-.. -
= 200
2 L
>
= L
0_- - =t b
—0.2 -0.1 0.0 0.1
M. (GeV?/ct)

B[D* — u*v] = (3.98 + 0.08 + 0.04) x 10~*

fp+|V,ql = 47.53 +0.48 + 0.27 MeV

The most precise to date

G.S. Huang: BESIII Overview

arXiv:2410.07626

I I I I I I I I

i‘LAGZl(2+1+1EP.]C82(2022)L¢69 212.1+0.7 ! ‘ I [T L T
FMILC(2+1+1) PRD98(2018)074512 212.7+0.6 CKMfitter PDG 0.22486-0.00067 ’
FMILC(2+1+1) PRDY90(2014)074509 212.6+0.4 HFLAV21 PRD107,052008  0.2208+0.0040 "
ETM(2+1+1) PRDY1(2015)054507 207.4+38 bl
ETM(2+141) LATTICE20132014314 202,048 — BESII PRD92,072012,w'e’v, 0.2278+0.0034:0.0023 &
FMILC(2+1+1) LATTICE2013(2014)405  212.3+0.321.0 BESII PRD96,012002,n°%"v, 0.2243:+0.0058:0.0026
FMILC(2+1+1) LAT2012(2012)159 209.243.0£3.6 BESII PRD97,092009,ne*v, 0.2264:0.0338:0.0318 ———
HFLAV21 PRD107(2023)052008 205.1+4.4 - BESII PRL124,231801,nu*v, 0.242+0.041:0.034 ———
CLEO,uv PRD78(2008)052003 207.248.742.5 et BESII  PRL124,061801,K”y, 0.217:0.026:0.004
BESIILuY 9(2014)051104,2.9fb™" 204.245.3+1.7 .

W FRDEX2NLA0S ] BESIII PRD89,051104,%,  0.2165+0.0055:0.0020 m
BESIILtv PRL123(2019)211802,2.9fb" 224,7422,5+1 1.3+~

BESII PRL123,211802,7v  0.238+0.024+0.012 ——
BESIILuv arXiv:2410.07626,20.3b"  211.5+2.3+14  ®  o0=1.2% _
ey ?ESIII aer:2410-0?626,u*‘V,. o.2242¢o.0?23io.0014 | '
0 1 00 200 | 1 1 1 | | | | 1 1 1 | | |
f . (MeV) -0.6 -0.4 -0.2 0 0.2
D" V|
cd
The decay constant The value of Vcd
[ J [ ] o
Precision~1.2%

22nd Lomonosov, Moscow 2025.8
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BESI Highlights : observation of A7 - ne™v,

Pull

G.S. Huang: BESIII Overview

A novel Deep Learning is utilized to separate
signals from dominant background.

First observation of AY - netv,

« B(A - netv,) = (0.357 £ 0034545 + 0.0145y5:)% (> 100)
* [Veal = 0.208 £ 0.011xp, £ 0.005.qcp + 0.001, ,
C

This measurement demonstrates a level of
precision comparable to the LQCD prediction.

The absence of HCAL restricted us to extract
the form factors.

Still, the BF provides significant insights,
shedding light on the di-quark structure within
the Af core and the T — N clouds in the low Q2

T T T 140 T T T
 Daa $  Data
a 120 b N
( ) - Al = nety, ( ) - A = eV,
B A7 = Aetv, ] g'm I A- = Aev,
Il Other A decays 1 Z % Il Other A: decays ]
£ 60
&
a0 F

=}
(=]
T

o w o

biobtaabbebbon diat bstins bbb dod b g Batoatudobesbodiboidobioh b tbn i AbbE
dlagthp ittt b bttt iy it bl et denti g,

Pull

£y
0 01 02 03 04 05 06 07 08 09 1
GNN output for ﬁ/.‘-\ classification

0 01 02 03 04 05 06 07 08 09 1
GNN output for n/A classification

03 -02 -01 0 0.1 0.2 0.3 04 0.5 0.6

PR PRSI [T S SRS NN S S SN AT SR S S NS SR S S NS SR
-0.3 -0.2 -0.1 0 0.1 0.2 0.3 04 0.5 0.6

22nd Lomonosov, Moscow 2025.8

BESIII, Nature Commun. 16, 681 (2025)

NRQI\I‘[ Phys. Rev. D 40I (1989) 2955 I ; I I
RQM Phys. Rev. D 56 (1997) 348 .

HQET Phys. Rev. C 72 (2005) 035201 .

CQM Phys. Rev. D 90 (2014) 114033 .

RQM Eur. Phys. J. C 76 (2016) 628 .

SU@) Phys. Rev. D 93 (2016) 056008 ——

QCDSR . Phys. G 44 (2017) 075006 ™~

SU@3) JHEP 11 (2017) 147 ——

LFQM Chin. Phys. C 42 (2018) 093101 .

SU@3) Phys. Lett. B 792 (2019) 214 e
MBM Phys. Rev. D. 101 (2020) 094017 .

LFCQM  Phys. Rev. D 103 (2021) 054018

SU@3) Phys. Lett. B 823 (2021) 136765 ——
HBM Phys. Rev. D 107 (2023) 033008 —
QCDSR  Phys. Rev. D 108 (2023) 074017 ——

LQCD Phys. Rev. D 97 (2018) 034511 —e—

BESIIII exp. | | | -—o—cl |

B(A} = ne*v,)(%)
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 https:/doi.org/10.1038/s41467-024-55042-y

BESIT CPV in hyperon decays, #events do we need?

CPVin SM is small : # events
B meson : O(1) discovered (2001) 103

K meson : 0(103) discovered (1964) 106

D meson : 0(104) discovered(2019) 108

A, baryon: discovered(2025)

Hyperon : O(10%) no evidence (102) 0O(109%)

A~ A
0

Experiments

B factory

Fix targets

LHCb
LHCb
Fix targets

— BESIII, hyperon factory ?

AT AT

N 20| A 5 @

~ Flavor-SU(3) Octet of spin % Flavor-SU

G.S. Huang: BESIII Overview 22nd Lomonosov, Moscow 202@.8

G
€

Iy

©

| Q- was predicted by quark model

3) Decuplet of spin 3/2

Discovered in 1964 at BNL.
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BESII CP observables in hyperon decays

General Partial Wave Analysis of the
Decay of a Hyperon of Spin 3

T. D. Lee* anp C. N. Yanc
Institute for Advanced Study, Princeton, New Jersey

= | (Received October 22, 1957)

The amplitude of spin %2 baryon B; decay to a spin %z baryon B
and

A~Soy+ Po-n

The decay parameters are defined as:
2Re (S*P) 21m (S*P) |S|? - | P2
ISP+ T IsEr PR Y T sE A PR
Two complex amplitudes: ¢ weak phase, & strong phase

S =3iSel@i+8)  p=3ipei@di+6])
Under CP transformation:

S = —3i§el-0i+8) P = yipei-¢i+8])

Ay =

cp CP
If CP conserved: S=— —3S§ 0= ad = —a
cp ) ©

’ PRD 34, 833 (1986)
hep-ph/991023
hep-ph/0002210

CPV
observables

<

_ T D

r+T
Te+Ta a+a

= — = —+ A
[a—Ta a—a«a
F[>’+Fﬁ [>’+,B

FﬁFBﬁBJ

G.S. Huang: BESIII Overview 22nd Lomonosov, Moscow 2025.8
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IB‘ES]]IIf Ad %0, A and A are transversely polarized

Correlated 5-dim. angular distribution T~ — j/w 5% A

W(E: Oy AP, 0. 0 ) =1 + 0Lycos 0 :
(&: oy, AP, 0, 0 ) v A Unpolarized part Entangled part

+ o_0l [sinzﬁA (n1 x12 . — Oty ynay) + (cosZBA + Oty ) 11y 212 |

+ 00y /1 — Oy? cos(AD)sin O, cosOp (11 12z +n1 12 x)

+1/1 — ow? sin(AD) sin@p cosOp (a_nyy+0n2y),  Polarized part

Polarization-term can be used to determine a._and a, simultaneously
A

J1—a, sin(Ad)cos ), sin 6,

2
1+ a,cos” 6,

P},(C{}S 6,) =

27

coseA
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BESII The most precise CP test in 4 and A decay

PRL 129, 131801 (2022) Nat. Phys. 15, 631 (2019)
- 10 billion ]/ m This Work (10 billion J /1) Previous Results (1.3 billion J /1)
92Ib5|arization: max 25% . G 0.4748 + 0.0022 + 0.0024 0.461 + 0.006 + 0.007
0.1F AD 0.7521 + 0.0042 + 0.0080 0.740 + 0.010 + 0.009
?5 N . . a_ 0.7519 + 0.0036 + 0.0019 0.750 + 0.009 + 0.004
E a, —0.7559 + 0.0036 + 0.0029 —0.758 + 0.010 + 0.007
-0
ook : - Acp —0.0025 + 0.0046 + 0.0011 —0.006 + 0.012 + 0.007
: L L | . L L L | L s L L | L L L L
-1 —0.5 0 0.5 1 Aang 0.7542 + 0.0010 + 0.0020 —
cos(6,)
S LA L DL DL LN DL L AL L B
BES3 1.3 billion J/lp(_/ ) PDG
|
More than 10 BES3 10 billion J/y(A/R) @ CNTR85 |
standard Dz L
5 g CLAS19 CNTR96 |_._ SEﬂSlthlty Of ACP S
deviation | o
i BES | below 0.5%
shift from all BES3 1.3 billion J/y(A/A) @ | n recedented
. illi —— U
previous BESIII 1.3 billion J/y | P €
measurements —e— BESIII 10 billion J/y Jl_l precision
IIIIIIllIIIIIIIIIIIIIll IIIIIILIIIIII
Ll |P1|)G|2|01|8| Lo v v v by oy |Pl|)(712|02|2| T _025 _02 _015 _01 _005 0 005 01 015
0.62 0.64 0.66 0.68 0.7 0.72 0.74 0.76 Ace
o.(A — prm) Standard model prediction : A.,~ 10 (PRD 34, 833 (1986))

G.S. Huang: BESIII Overview 22nd Lomonosov, Moscow 2025.8



BESII Search for CPV in E decay

[ PRD 99, 056008 (2019)

PLB 772,16 (2017)

3 3 3
W(@, () = Z CWZ Z(LEMQ
w,v=0 pu'=0v"=0
o)
. pTT a“g}e
Sp X
Inhalig Neqy |_)/|-\)Tl' \;a(\“’((\ =
o
ete” > /Y - EE‘L.)
A
Lpm+

Through the sequential decays of =, the CPV phase
can be directly measured!

The perfect reaction for hyperon CPV searches!

G.S. Huang: BESIII Overview 22nd Lomonosov, Moscow 2025.8
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BESIT

Search for CPV In E decay

The precision of our analysis (73K Z~E%) is comparable
with the measurement from HyperCP (144M events),

320K %29 pairs

E_ 1.3 billion ]/¢ which means that_the accuracy of a single event is more 10 billion ]/1/) EO
than 1000 times higher than HyperCP!

Parameter | Nature 606 (2022) 64-69 Previous result Parameter l PRD 108, L 031106 (2023) ]
v 0.586+0.012+0.010 0.58+0.04+0.08 /v 0.514 + 0.006 + 0.015
|A(D 1.213+0.046+0.016 rad B ’ Ad(rad) 1.168 + 0.019 + 0.018
a- -0.376+0.007+0.003 -0.401+£0.010 a= —0.3750 4+ 0.0034 + 0.0016
9 0.011:0.019+0.009rad ~0.042 £ 0.011 £ 0.011 = 0.3790 + 0.0034 + 0.0021
a- 0.371+0.007+0.002 HyperCP: PRL 93(2004) 011802 ] ?5 (rad) 0.0051 + 0.0096 + 0.0018
) 20.021:0019:0007rad - ¢=(rad) —0.0053 £ 0.0097 £ 0.0019

- 0.757+0.011+0.008 0.750+0.009+0.004 o 07551 £ 0.0052 2 0.0023
a .757+0.011+0. .750+0.009+0. _
_" First measurements of the QA —0.7448 £ 0.0052 = 0.0017
0/\ _0763i0011i0007 _07581'001010101_’__' Weak (CPV) phase — [§P . fS(rad) (00 :': 17 :l: 02) X 10—2 ]
&-&s (12+34:08)x10%rad | ——— difference in 2~ /Z° decays 5p — bs(rad) (—1.34 1.7+ 0.4) x 102
o= s (-4.0£3.3+17)x102%rad  (10.2+3.9)x102rad ASp (—5.4+6.54+3.1) x 1073
A, (6+13+6)x1072 ) = Apzp(rad)  (—=0.1£6.94+0.9) x 1073

. A -3

AP (-5£14+3)x10rad e . [hreeCresisn / e Coioeitee

- cp - — E7/E" decays (a=) —0.3770 £ 0.0024 & 0.0014
Al T g oERel (¢=)(rad)  0.0052 -+ 0.0069 + 0.0016
(=) 0.016+0.014+0.007 rad ((aa) 0.7499 £ 0.0029 + 0.0013 |

The results of 10B J /4 is on the way!

G.S. Huang: BESIII Overview

PRD(L) Editor’s Suggestion

22nd Lomonosov, Moscow 2025.8
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BESIT  Polarization and CP test in £+ & /W and Y(2S) - T2~

ete” - J/Y,P(3686) > 21X, *t - pr?, A - pn®

10B J/y and 2.7B ¥)(3686) 1.12 M =*X~ pairs reconstructed

Parameter This Letter PRL 131, 191802 (2023) ]_

QX /a —0.5047 4+ 0.0018 = 0.0010 —0.508 =+ 0.006 + 0.004
AP /1) —0.2744 + 0.0033 £ 0.0010] —0.270 £+ 0.012 £ 0.009
aQ —0.975 £ 0.011 £ 0.002 —0.998 £ 0.037 £ 0.009
Ch 0.999 + 0.011 £0.004 |} 0.990 &£ 0.037 £ 0.011
Qe (3686) 0.7133 4= 0.0094 = 0.0065 0.682 = 0.030 = 0.011
A 3686) 0.427 +0.022 + 0.003 0.379 £+ 0.070 = 0.014
() —0.9869 4 0.0011 + 0.0016 —0.994 + 0.004 £ 0.002

Uep

—0.0118 + 0.0083 £ 0.0028] 0.004 = 0.037 £ 0.010

Opposite directions of the £* polarization in J /Y

and 1 (3686) decays

Most precise measurements of the X* decay

parameters

Most precise CP test in the decays of X*

G.S. Huang: BESIII Overview

22nd Lomonosov, Moscow 2025.8

arXiv:2503.17165, submitted to PRL

____Polarizations of £*

0_1 f— — Fit: yi3686) = Fit: Iy -
B Phase spuace .

R(cosb,.)

B I I S R
o ] coso,..
Polarization ratio of =* between ?/z,b and ¥ (3686) decays
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BESIT Search for Strong CPV in Z%(— Ay) decay

_ PRL 133, 101902 (2024) PLB 788, 535 (2019)
The CPV sources in SM: The Transition EDM SU(3) symmetry
 Weak interaction, CKM (observed, but too small) of 2°(= Ay)  gmogm Neutron EDM
« Strong interaction, 8-term (Not yet observed) - df‘“ +d§i‘p ~—088
x107° . . .
10 B J /4 and 2.7 B 1(3686) z+ W 1 Polarizations
ete™ = J /P, (3686) - X%(- AY)X°(-> Ay),A > pn~,A > prt e T A 1 of 30
e M :
Parameter [ PRL 133, 101902 (2024) ] - ‘ ‘ ’ :
Similar behavior is
Ay —0.4133 £ 0.0035 £ 0.0077 N observed in £,
"A®,,, (rad)  —0.0828 = 0.0068 + 0.0033 = but not in A or !
&ty (3636) 0.814 + 0.028 + 0.028

TAD, 356 (rad)  0.512 % 0.085 = 0.034
—0.0017 = 0.0021 £ 0.0018

) Zg : 0':;()7231)1(2;(3)52:);(%)10122 Opposite directions of the £° polarization
A . . .
a, —0.776 = 0.054 = 0.010 i
( ;‘Qﬁ (04+29+13)x 107 The first attempt to measure the P-
CP - . - . .
AL, (=30 %69+ 1.5) x 102 violating decay parameter of £ — Ay.

The first strong-CP test in hyperon decays.
32
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BESIT  Radiative decay: Xt - pyinJ/yp - ZtE-

x10° x10°
iof ] wf | PRL130,211901(2023) P
Cloof L7 o Pt Qi LT o prm +
E 805_ data 2100 e

< 60f
B 5 60 \z
5 40 5 40
. 20F = ZOE e”
pem=miamim s o] e oo s T
1.1 1. 1%/[ GV/C2 1.25 1.3 1.1 l?w (1}2Vfc2 1.25 1.3
rec( € ) [‘CL( € ) y ')/
Signal side: momentum distributions of proton in the rest frame of X : o The decay rate deVIates from
10 10 — previous value by 420
s - -+
~ | <t ¥ ~0.4}
2 O i1 400 .
% 3: % 3:— (b) * 200} - M
gl Z2F ' P 3 o o023 028 +T Tt + 4.20 ¥ BESII
2 f - Sigal b f - Signal = -08f s T
- = —pn® BKG T —pn’ BKG L N e NRCOM
[ Other BKG y\_ Other BKG i = 4+ + BSU®
L -1 < ChPT I (BF x0.1)
O3 0.2 0.25 0.3 (915 02 0.5 0.3 [ ChPT 11
P, (GeV/c) P (GeVie) —
0.5 1 NE 2
: BF (= 10
The CP asymmetry is calculated to be (Z'— py) (x107) 3
Acp = (- + @)/ (@ —a,) = 0.095 + 0.087 + 0.022 The decay rate (0.996 + 0.0224,, + 0.017,,5) X 10

The decay parameter: —0.651 £ 0.0564;4; £ 0.0205,,5;

Acp =B, -B)/(B, +5_)=0.006 +£0.011 +0.006

G.S. Huang: BESIII Overview 22nd Lomonosov, Moscow 2025.8
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BESIT

Radiative decay: A>ny in J/i¢ — AA

PRL 129, 212002 (2022)
TOOL " _r B 100
<600 S - ny
() @ - [
= 500 = 300
o o
< 400 : i <+
= B745 015 0155 016 0165 017 ="200F VT %5 ase ot iss o
% 300 —+ Data *g L —+ Data
u>> 200 - Total PDFs CI>.> i — Total PDFs
TRt TR A BRGAPDF | W100F  Ff o BRGA PDF
100 -..BKGB PDF - .. BKGB PDF
) 1 BKGB MC i " % 1 BKGB MC
(08701 0.120.14 016 0.18 0.2 0.25 024 §08 0.1 0.120.14 0.16 0.18 0.2 0.22 0.24
EsmS(GeV) E(;,mS(GeV)
1 T T T R B
- A s . —
o BES
L : % VDM
0.5 - A paL BF (X 103) 0.834+0.0461+0. 0.876+0.071%0.
= [ v o ot 064 082
% - + BSU®)
< OfF . S * o oy -0.13+0.13+0.02 0.21+0.15+0.06
S ) Acp —0.025 + 0.049 + 0.060
. L 5.5 E
T 7 ; Acp ~0.25+ 0.61 + 0.15
-1(; — '1 —— 7 é — :'3 Theoretical attentions: L.S. Geng, Q. Zhao, R.M. Wang et al.
BF(A—ny)(x107)

BF of A — ny, with improved precision, smaller than PDG value by 5.5
34
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BESIT

G.S. Huang: BESIII Overview

Overpopulated charmonium spectrum

L
g A 3 3 3 3 1 3 3 3 1 ?
.. S5 P PPy By D, D Dy D (2,
N
<
>
24750 BEPCII ener
T Y(4660)
0 4500—
© —av(ad15) = Z%(4430
= "Y(4350) = X(4350
4250 7(41 60) = Y(4260) [ I lZ; L]
- { = | = Y(4140
:ll;I \V(41 60) Z'm .
4000—_ 2040 —— Y(3915) 1 82+(a029
X(3940) % (2P) = ; . =Z*(3900)
3750 €2 X(3872) — l
—a Open charm threshold v(3770)
25V _,
3500= Y ¥
XCO
3250— = Established
3000=a_ YV = New States
n.(15)
2750— [ ] Theory
2500 | | | | 1 | 1 | | | | | | | 1 | 1 | | | | |

of T 2R ON T g T T W P

arXiv:1511.01589, arXiv:1812.10947

Z(4430)

Z,(4250)
Z(4200)

—Z,(4050

Z'{4020

Y(4660)
AA,
DD*(28) -~ X(4500)
' Y(4390)
X(4350) ___v(4360)
DD oo TR
X(4274)
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Overpopulated observed charmonium-like states, i.e. “XYZ"”:
Most of them are close to the mass thresholds of charmed meson pairs

Some are not accommodated as conventional meson
==> candidate of exotic hadron states

More efforts are needed to pin down their nature
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BESII Highlight: Production and decay properties of h,
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G.S. Huang: BESIII Overview

e P-wave singlet charmonium state, first observed by CLEO
e First measurement of B[y’ - n°h,] by BESIII

e 2M h, particle in 2.7B vy’ events, possible to explore h, decay

mode with Br~10~*; 0.7M h, particle from XYZ scan
sample

e Decay of h,:
 pQCD prediction: h, = ygg~5.5%
« pQCD and NRQCD predictions of h, —light hadrons: 48% and 8%
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BESII Highlight: Production and decay properties of h,

Observation of h.radiative decays and h. - yf,(1270)

_

Qo
o

. —+- Data
2 — Fitting results
S el 5.40 g res
[0} — h,—yatn
= - - - hy—=nntn
T 40 {' - - - Background
g I
: L -
5 AN
L B . \
[ L R — Ad-/" " “.. I 1 N
8.5 3.62 3.54
M(yrtr) (GeV/c?)
o 200F —+- Data
Lt 11.80 — Fitting results
%J 150 — he—>y2(n*n)
= [ <= = hy—>nf2(ntn)
g he=ym_
(2] 100: = - - Background
© [ {,"[..\
Q sof v ;
w [
[ . 4"-.\"¥.s_* L
8.5 3.52 3.54

G.S. Huang: BESIII Overview

M(y2(x'n)) (GeV/c?)

Events / 1 MeV/c?2

Events / 1 MeV/c?

[=2]
o

i-N
o

wo

60

o
o

_‘.DU

40

20

ys. Rev!

—4 Data

— Fitting results

— hg=yr*am
=== he—=n’n*am
h;—=ym_

- - Background

A\
ett)

L _.__Z’._"-.\__ |

J

5

3.52 354
M(ym*min) (GeV/c?)

—+ Data

— Fitting results

- hc_Mf pﬁ
he—ym,

- - - Background

22nd Lomonosov, Moscow 2025.8

1902 (2025

Events / 25 MeV/c?2

Events / 25 MeV/c2

25

N
o

-
(6)]

-
o

(%))

25

20

15

10

arXiv:2501.15447

PRL 134, 241902 (2025)
= h. - y£,(1270)

- {i : l il
J s if

—¢— Data

—— Fit results

P— hc—>7f2(1 270)—>yn'w
— — hy—=yn*w PHSP

— — Smooth background

______ st
...... (3686)>0f (1270)

LI LB

LI L

[ —+— Datain h, sideband region

—— Fit results
— — Smooth background
-eeuee Y(3686)—0f (1270)

h, sid ba['v

I
| ATge it L e

1 2
M(r') (GeV/c?)

37



BESII Highlight: measurements of ., - yy 2 aes

PRL134, 181901 (2025)
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» As the simplest decay of n. , n. — yy serves as a benchmark for QCD calculation. CLQCD 2016 + }
* Most measurements come from the time reversal process yy® =1 | Fong ot o1 2017 : - |
« BESIII has the unique opportunity to directly measure . — yy via J /Y — yn,. (first Li et al. 2020 . |
observation) or h, — yn, (absolute branching fraction, most precise). Zhong et a1 2022 — }
 Measured B(J/Y — yn.) X B(n, = yy) is consistent with theoretical predictions, while the Meng etal. 2023 + |
individual I' (17, — yy) deviates from the most recent LQCD prediction by more than 3g. | "79¢? 2% ' |
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BGS]]I The vector Y states from scan data near open-charm thresholds
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BESIL  More Y states: Y(4500) ,Y(4710) and Y(4790)
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BESIT How many vectors in charmonium energy region?

7 T —% Between 3 and 5 GeV:
- J/Y 1 (2S) Do 6 v + 8 new charmonium-like states
6 [ A Mark-I —
- Mark-I + LGW |
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R B 7 Crystal Ball
4 |- * BES
- o KEDR
3 | |
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B | i
3 45
: : _ _ Y(4230), Y(4320), = | Y(4660),
Bes@es vector charmonium (cc) states, we also expect ccg Y(4360), Y(4390) '+ | v(4710). Y(4790)
hybrids, and ccqq tetraguark states. Have they already been -

observed?
=>» More theoretical/experimental efforts necessary!
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BESIIl Prospects
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THEP-Physics-Report-BES-111-2008-001
Int. J. Mod. Phys. A 24, S1-794 (2009)
[arXiv:0809.1869 [hep-ex]].

Physics at BES-III

Editors
‘Kuang-Ta Chao and Yifang Wang

G.S. Huang: BESIII Overview 22nd Lomonosov, Moscow 2025.8

Chinese Physics C Vol. 44, No. 4 (2020)

Chin. Phys. C 44, 040001 (2020)
[arXiv:1912.05983 [hep-ex]].

Future Physics Programme of BESIII*

Abstract: There has recently been a dramatic renewal of interest in hadron spectroscopy and charm physics, This renaissance
has been driven in part by the dmv\:ry ol’a plubon ofchumomum—hkc XYZ states at BESIII and B factorics, and the obser-
vation of an prot tip Id and the possibly related X{1835) meson state at BESIIL, as
well as the threshold measurements of charm mesons and charm baryons. We present a detailed survey of the important top-
ics 1 tau-charm physics and hadron physics that can be further explored at BESII duning the remaining operation period of
BEPCIL This survey will help in the optimization of the data-taking plan over the coming years, and provides physics motiva-
tion for the possible upgrade of BEPCII to higher luminosity.

DOIL: 10.1088/1674-1137/44/4/040001
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BESII

Table 7.1:

White book: planned future data

List of data samples collected by BESIII/BEPCII up to 2019, and the proposed

samples for the remainder of the physics program. The most right column shows the

Only part 2024

number of required data taking days in current (7¢) or upgraded (7y) machine. The
machine upgrades include top-up implementation and beam current increase.
Energy Physics motivations | Current data ‘ Expected final data | Tc / Tu
1.8 - 2.0 GeV R values N/A 0.1 fb— 1T 60/50 days
o : <€
Nucleon cross-sections (fine scan)
2.0 - 3.1 GeV R values Fine scan

Cross-sections

(20 energy points)

Complete scan
(additional points)

250/180 days

Completed 2024

/ J /1 peak Light hadron & Glueball 3.2 fb—1 3.2 fb—1 N/A
J /1 decays (10 billion) (10 billion)
Y (3686) peak | Light hadron & Glueball 0.67 fb—1! 4.5 fb—1! 150/90 days
v Charmonium decays (0.45 billion) (3.0 billion)
P (3770) peak DY /D= decays 2.9 fb—1 20.0 th—1 € 610/360 days

3.8 -4.6 GeV

R wvalues

XY Z /Open charm

Fine scan
(105 energy points)

No requirement

N/A

BEPCII-U

4.180 GeV D, decay 3.2 fh—1 6 fb—1 140 /50 days
XY Z /Open charm
XY Z /Open charm
4.0 - 4.6 GeV Higher charmonia 16.0 fb—1! 30 fb—! T70/310 days
cross-sections at different /s at different /s
4.6 - 4.9 GeV Charmed barvon/XY Z 0.56 fh=1! 15 fh—1! 1490,/600 days
cross-sections at 4.6 GeV at different /s
4.74 GeV ¥ TA cross-section N/A 1.0 fb—1! 100/40 days
4.91 GeV 3%, cross-section N/A 1.0 fb—1 120/50 days
4.95 GeV =, decays N/A 1.0 fb~1 130/50 days

G.S. Huang: BESIII Overview

Another 6 years running to collect >60 fb! data at different energies .
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BESIT

1.84-1.97 GeV: low extremes of BEPCII

4

1.9
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BESIT

BEPCII upgrade (installation: 2024. 7- 2024. 12)

Highest beam energy: 2.8 GeV

Luminosity: 1.2x 1033 cm2s? ( 4.0~5.0 GeV)
(0.4-0.7) x 1033 cm?2s! (5.0~5.6GeV)

1 x10:pgrade vs BEPCII /o

ak luminosity (cm™¢s”

&

G.S. Huang: BESIII Overview

BEPCII upgrades in 2024

BESIII will collect about 60 fb* between 4.0 — 5.6 GeV, and to
study potential physics:

v Cover energy up to 5.6 GeV

v' Deeper studies of the XYZ states

v’ Study the ground-state charmed baryons

v’ Provide information on charm-quark fragmentation function

[1]
[1]

c—c -
Qch
E=4.69—§.98 GeV

ntegrated Igminosity 13.7 pb!
17 energy ints

IS SANETENE SR I

s 5.0 5.5 6.0 6.5 7.0
4 )
N N

Few data and potential physics for XYZ
and charmed baryons

Ac.KCECiC

3-oop pQCD
ow

e

CLEO
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BESII

summary

» BESIII is running smoothly, and very productive now;,

» BEPCII upgrades have been finished in 2024, more data taking above 4.0 GeV, up to 5.6 GeV to study: excited

charmonium, charmonium-like states, XYZ particles, charmed baryon ...

» Advantages at BECPII/BESIII: scan data near thresholds, quantum-entangled meson and baryon pairs

» BESIII plays leading role in hadron physics, flavor physics (charmed hadron and strange hadron).

Charm is still needed for precise test of the SM!
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22nd Lomonosov, MME?Q_1’ CMS/ATLAS 3000 fb_1,

Belle 11 50 ab™!
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