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4/ Beijing Electron POSltl‘OH Collld EPCII)
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ete™ collider

Vs =1.84~4.95 GeV
Peak luminosity: 1.1x1033/cm?s

In operation: 2008-now
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47/ BESIII detector
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47/ BESIII today

> 800 BESIII papers published
~160 in PRL
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27/ Rich Physics at BESIII

olete™ — J/v) = 3400nb o(ete”™ — 1(3686)) = 600nb
6 et
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M, F o a3 b5z L
Iq_) f 2 — h J# _I{ ! : i -
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\6/ ) , B - O BES m Crystal Ball -
I E \ — exclusive data * 2 A PLUTO
m O _I | | _J/l I\\~L l I\\I-_I_'l“i' | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | I—
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Vs (GeV)
The search for glueballs Hyperons Charm
v Huge J /3 samples & gluon-rich v' Abundant J /1, (3686) > YY v" Clean open-charm samples
radiative decays samples near threshold
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477 Why glueballs? — A fundamental prediction of QCD

QCD — SU(3) non-Abelian gauge theory:

At high energy At low energy
rfm
0.5 1/2]000 IIZIOO |/Izo I'IZ -
0.4 : V2 / o |
o / Eoe®,
e b 0— 8{% e
St /
0.2 - " a il
) = self-interaction of gluons >
1/Q GeV~!
| _ _ bound states of gluons —— Glueballs
" . running, widely confirmed
experimentally = Many candidates, not established yet
Asymptotic freedom — 2004 Nobel Prize

A long-standing prediction of QCD — still awaiting unambiguous experimental identification
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47/ Where to search? — Radiative J /Y decays

) 4

J/ < n J/
v nadrons v glueball
Gluon-rich environment Clean and selective environment Unprecedented statistics at BESIII
* J/Y-vgg9 « Isospin filter: final states * 10 billion J /3 events

dominated by I = 0
* C-partty filter: C = +

Radiative J /1 decays provide an ideal laboratory for glueball searches
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What to look for? — Lattice QCD predictions

arxiv:2305.04869

S . g
4;@@ C})@ %;
P

@O  Ref. [61] Ny =2,m, =490 MeV)

(D Ref. [68] (Vf =2,m, =650 MeV)

(@D Ref. [68] V) =2,m, =960 MeV)

D Ref. [70] (Nf =2+ 1,mz = 140 MeV)
@D Ref. [67] (Nf =2+ 1,my = 360 MeV)
@D  Ref. [63] (N = 4,m, =250 MeV)

(D Ref. [48] (quenched)
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Lightest glueballs

0"+ ~1.3 — 2.0 GeV
27+ ~2.3-2.8GeV
0" ~2.3—-3.0GeV

Lattice QCD prediction:
M(0~") = 2395 + 14 MeV
Phys. Rev. D 100, 054511 (2019)

The lightest pseudoscalar glueball is
expected around 2.4 GeV



277 X(2370) — From discovery to a pseudoscalar state

2011 — Dlscovery 2024 53 ]PC determlned
500 | (D) X(2370) 180f (a) i = s2660
—X(1835) N&’ 1 60 l L I\Dnz(l:ta:)rojection _:
400 ; % 140F [ Background _:
But what are 1ts S0k 4yl WY Non-resonant
300 quantum numbers? ok i}fil‘;; E

. X(2800)

S 100F "
o C [~
— 80f

Events/(0.02GeV/c?)

‘IIIIIIIIIIIIIIIIIIIII

200 @
S 60
100 L%) 40
N 200 ) ogu e BT
14 1.6 1.8 20 22 24 26 28 0 22 24 26 28 3
M’ )(GeV/c?) Moo (GEV/C?)
BESIII: Phys. Rev. Lett. 106 (2011) 072002 BESIII: Phys. Rev. Lett. 132 (2024) 18, 181901
e ObservedinJ/Y » yntnn' e JPC =07
e Significance: 6.40 e Significance: > 9.80
c M~238GeV e M=2.395GeV

Its mass and quantum numbers place X(2370) in the
region expected for the lightest pseudoscalar glueball.
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277 X(2370): Large production rate in radiative J /1 decays

BESIIT: arXiv 2607.20366 * The total sum from the left table is
~09 x 1073
Decay channel B (x107%)
J/ip — vX(2370) - yKKm  3.25+£0.257( 7

* Considering other unmeasured

J/Y — yX(2370) — yrmn 3.2+0.177 decay modes, it is reasonable to
T/ — vX(2370) — yrmn’ 1.94 + 0.0475733 conclude:
J/ — vX(2370) - vKKn'  0.3940.05+0.10 [ B(J /¥ — yX(2370)) > 1 x 10-3]

Large production in a gluon-rich process provides an intriguing clue to the nature of X(2370)

Oct. 19-23, 2026, Stony Brook U MENU 2026 11



277 X(2370): Flavor-singlet behavior?

Pure glueball — no quark flavor — flavor singlet

g LR 7 JELED B B P Y RN e L B L

AF Jiy — yK2KI"

T

NN
N W

0 (GeV/cd)
L
S cla ® ™

0
s

M,
e
HY YT?

d\
TT 7T

T P R R EWE
1618 2 22242628 3
Mch)Kgﬂo (GEV/CZ)

S
=2

Experimental observation
No significant X(2370) - K*(892)K signal
Significance of the X(2370) = 0.10

B[X(2370)~K*(892)°K+c.c.~KIKInO]
B[X(2370)->KIKIn®

Oct. 19-23, 2026, Stony Brook U

< 0.081@90% C.L.

Events / (0.0050 GeV/c?)

MENU 2026

400 [ Data _E
af — Fitresult 3
35001 - X@370) 3
|!;|‘ ] - Polynomial 3
3005 Tl :
250 Yy o VKK 3
2 .
- %\ | ]
150 LU Y e
100 ] i:.l‘ il s _i
50 i
2 2 21 22 23 24 25 28 2.7
M(gKgﬂo (GCV/CZ)
BESIII: arXiv 2607.20366
Interpretation

For a 0~ flavor-singlet state, K* K is forbidden by
generalized G-parity.

Consistent with flavor-singlet behavior, but not a
unique glueball signature.
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277 X(2370): Decay patterns similar to 1,

Different internal structures, but gluon-driven hadronic decays
— Qualitative similarities in decay patterns are expected
X(2370) observed in all five golden PPP

n¢ decay channels 2500 Jhy — yr°nn ] fggg
< o
v S 2000 T, g Lo
TTn 3 G100 TR T :
ie) - = N -
v n’ g1s008 L S 12006 4 5
9; S s 090 T E'w 1000:- Fit result E
\/ K K77 E 1000 ..... x(2370) U 800 ... X(2370)
= E s Polynomial ] g 600F - Polynomial .
v KK n ' & 5001 . Z 400 :
\/ KKT[ 02: ......... 4-.[1 Pl el | :.':.-:.:'1’\-1-—.-..1 el Zﬂg DL e T 3
21 22 23 24 25 26 27 2 21 22 23 24 25 2.6 2.7
Mo, (GeV/c?) Myogo,0 (GeV/c?)

Decay-pattern similarities to 1. provide another intriguing clue to the nature of X(2370)

Oct. 19-23, 2026, Stony Brook U MENU 2026 BESIII: Chin. PhYS C 50.101001 (2026) 13



277 X(2370): Further clues from its decays

/ Narrow partial decay widths \ / Suppressed YO/Y) \

Observed S-wave two-body modes: % 600 2/N L= 97.15/80= 1.21 5
. > e

2z’ £,(980)7", £,(3500)” . 40T ~
. ao(980)ﬂ0f6(500)77, fo(1500)1./,(1710)7 ... == i

KKz KX(1430)K, K*(800)K a0(980)z° ... % 2001 -
> -
B(each mode) ~ 1-10% " ol
 T(X2370)~170 MeV 5F

1 = Of-- wwdn,., i w_,f..»“ﬁ' - 3

T8 2 22 27 2% 25 3

partial width: a few MeV M(y__¢) (GeV/c?)
"BESII: PRD111(2025) 052011

No significant X(2370) in yw/y$

Compatible with expectations for
k gluon-driven decays / kSuggests small light-quark content/

These decay features provide further clues consistent with significant gluonic content in X(2370)

Oct. 19-23, 2026, Stony Brook U MENU 2026 14



277 X(2370): Putting the pieces

together

These properties are consistent with the expected

Properties of X(2370):
v Mass and J¥¢ consistent with LQCD expectations
v Large production in radiative J /1 decays
V' Flavor-singlet-like behavior
v Decay-pattern similarities to 7,

v Narrow partial decay widths

v Suppressed yw /y¢ decays

Oct. 19-23, 2026, Stony Brook U MENU 2026

signatures of a pseudoscalar glueball.

BESIII interpretation:

The lightest 0~ glueball is the dominant
constituent of X(2370)

BESIII Collaboration, arXiv:2607.20366

Recent theoretical discussion
An alternative interpretation has recently been

proposed, including a £¥ molecular picture.
Di, Yang & Zou, arXiv:2609.01342

“X(2370): the strongest glueball candidate yet”

—— F. Canelli, ICHEP 2026 Summary
15



47/ Hyperons at BESIII — A quantum-entangled laboratory

[ Front. Phys. 12(5), 121301 (2017) ]

i, > b e&w@@
J/p > AR 1894009  ~189 M PAT o
J/W - 2°2°  1.172 4+ 0.032 ~11.7 FEmaak T o
J/w - E*E- 1.07 +0.04 ~10.7 ete” >@E > EE )
J/p — E°E° 1.17 + 0.04 ~11.7 I—)An-
J/Yy - E"EY  0.97 +0.08 ~9.7 |—>Tm+

Large samples

~107 hyperon—antihyperon pairs Polarization
Quantum entanglement

Access to spin information enables precision tests of fundamental symmetries

Oct. 19-23, 2026, Stony Brook U MENU 2026 16



477 Hyperon decays as probes of CP symmetry

Nonleptonic hyperon decay Y (s = %) - B(s = %)n:

_ 2Re (S*P) _ 2Im (S*P) _ 15|12 - | P|

a - 4 A TR - A
Yo sEreE YT sEr e YT sE+ PR

1 1
Py = (1 — alzf)ESinqu’ Yy =1 — “%)ECOSGbY

Parity violation makes the daughter baryon an
analyzer of the parent spin

CP conservation:

ay = —Qy, Py = _:B_Y: Py = _QBY

spin-entangled EZ

CP observables:
A _a+&
o Redmunnes
+¢
A = g
ber = _
Weak-phase difference
B :'B-I—'B_ztan(f —{) _>'.-TE
BT P S ] / l/) e Falp

Z(5) » A(M)m,
Experimental access A(/_\) > p 7T—(ﬁ7'[+)

Sequential Z decays provide direct access to the CP-violating weak phase

Oct. 19-23, 2026, Stony Brook U
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41/ Precision CP tests with entangled E — Z pairs

320k E0Z%airs (<2% bkg) 580k E~ & pairs (0.4% bkg)
Thr ee CP tests: [ BESIII: Phys. Rev. D 108, L031106 (2023), Editors’ Suggestion ] Thre e CP tests: [ BESIII: Phys. Rev. Lett. 136, 201802 (2026) ]
o == +az- o

ASp = ZTZZ = (=54 + 6.5 +3.1)x1073 dgp=r = T8 R A8 R0 B X0
ET . ¢E_+EISE_ i -3

A(PC; b o;rqb =0 A S 09X 10~ e Apcp: : (0.6 £5.1 £0.2 )x107° rad
. aatan _ =

Al aA+aA—(69+58+18)><10“ Ab, nnEn (—2.9 + 4.3 +0.7)x1073

OA—OA

weak CP and strong phase differences: weak CP and strong phase differences:

Weak: (§p — &) = (0.0 + 1.7 +£0.2 )x1072 rad Weak: (ép — &) = (—0.2 4+ 1.2 40.1 )x1072 rad

Strong: (8p — &) = (—1.3+ 1.7 £0.4)x107% rad Strong: (8p — &) = (0.3 + 1.2 +£0.2)%1072 rad

All CP observables are consistent with CP symmetry
— Most precise determinations of weak CP phases in hyperon decays

Oct. 19-23, 2026, Stony Brook U MENU 2026 18



J7/ Quantum entanglement as a precision tool

Phys. Rev. Lett. 93 (2004) 011802 Phys. Rev. Lett. 136, 201802 (2026
HyperCP-- ot ot BESIIT s Revle (2026)

144 million Z~ decays 580 k entangled £~ — E* pairs

144 M - 0.58M

~250 times fewer events, yet better precision

¢z =—0.032+0.011 4+ 0.011 rad (¢p=) = —0.001 + 0.005 + 0.001 rad
Fixed-target experiment Spin-entangled £~ — ET pairs
polarized =~ sample more information to be extracted

single-event sensitivity: ¥~1000

Spin correlations dramatically enhance the information carried by each event

Oct. 19-23, 2026, Stony Brook U MENU 2026 19



J7! Electric dipole moments — Precision probes of CP violation

Why EDM?

L magnetic moment
d: EDM

| —>
=

(

dﬂu P

~—~%

(=7

(oW
+ —» &+

T

(

< |
=

A non-zero intrinsic EDM violates both
parity (P) and time-reversal (T) symmetries.

» When CPT symmetry is conserved, T

violation is equivalent to CP violation.

Oct. 19-23, 2026, Stony Brook U

Why is it difficult for hyperons?

Traditional approach:
spin precession in an external electromagnetic field

limitation:
Short lifetime: ~10710 s
Difficult to obtain highly polarized hyperon beams

Prior direct A EDM limit (Fermilab, 1981):
ldy] < 1.5 x 107 1%¢ - cm.

Can quantum entanglement provide a new
way to probe the A EDM, and do better?

MENU 2026 20



J// Lambda EDM — A new approach with quantum entanglement
A new method Result

- A O A ;
e Indirect access > < BESIII: Science 393, 1027 (2026)

Re(dy) = (-3.1+3.24+0.5)x107 ¢ - cm

Spin Im(d,) = (2.9 + 2.6 + 0.6)x10~1% e - cm

A correlated

=f> (>
ny

\e,\ |dy]l < 7.0x1071° e-cm (95% C.L.)

’ ] / II} Encoded

Extract EDM through CP-violating FF H;(q?)

j 7

Fermilab 1981

|dy] < 1.5 x 107 1%e . cm

2 2e 2
Hr(q )ZWngB(q )

i Improved by >2 orders of magnitude
Phys. Rev. D 108 L091301

The EDM 1s encoded in the spin correlations World’s most stringent limit on the A EDM
of the A — A system

Quantum entanglement opens a new route to EDM searches for short-lived baryons

Oct. 19-23, 2026, Stony Brook U MENU 2026
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J// A semileptonic decay with quantum entanglement

What changes experimentally? What is measured? Physics impact
160;— + Data + S _;_ ] ICKM unitarity \/1 - |Vud|2— |Vub|2
F Total fit 0.22799 + 0.00137
140 — Signal ) .
F o sackground Ao ) First absolute BF measurement

K meson average
0.22431 £ 0.00085

[ — — Other backgrounds I\ -

B(A - pe~v,)
= (8.16 + 0.22 + 0.15)x10~*

T lepton average
0.2207 £ 0.0014

Events per MeV

Cabibbo, hyperon average
§ . 0.2250 + 0.0027
Axial-vector coupling

Cabibbo, A — pe v,
. . 0.2224 + 0.0034
Weak-magnetism coupling

This work, input LQCD FF

—_———

R ¥ 0.2339 + 0.0041
e M Weak-electricity coupling S T TR -
]/l/) - AN A - pT[+, 0.22 0.23 0.24 AV
A - pe v — first measurement in A decay Voo
o - Vusl = 0.2339 + 0.0041
A tag —reconstructs A kinematics Consistent with CKM unitarity at 1.4 sigma
polapisstion * eniang ement > BESII: Nature 657, 92 (2026) An independent hyperon route to Vg

more information on decay dynamics

1854 + 49 signal events

Quantum entanglement unlocks new information on baryon structure and CKM unitarity

Oct. 19-23, 2026, Stony Brook U MENU 2026 22



477 Antihyperon—nucleon interactions at BESIII

J/¥ — AA, A + p — mesons First observations

Monoenergetic A beam: Py ~ 1.074 GeV/c o N . , .
Proton target: %20 ; %10 [ ]
hydrogen in the beam-pipe cooling oil (protons at rest) s | ] S | 1 j
[Spp = 2.243 GeV Signal side A =+ 1= al _
k"t - "] [ 21 3

<IN ] =
A : 0 0
I/ A, Beam pipe 2 2.1 2.2 23 24 2 2.1 2.2 2.3 24
et *;" M. .(GeVic?) M. . . (GeV/c?)

¢ Ap - Ktntn—nY

//’,’\ o = 8.5%12 + 0.4 mb
p
/.

Ap - Ktntn~2n
Tag side 0 =797+ 0.4 mb

J /WY decays provide a secondary

antihyperon beam at BESIII

[ BESIIL, Phys. Rev. Lett. 136, 171904 (2026) |

First experimental input on antihyperon—nucleon annihilation dynamics

Oct. 19-23, 2026, Stony Brook U MENU 2026 23



J7/ Charm at threshold — Precision with double tags

Threshold production

DD pairs with well-constrained kinematics

T
Double-tag technique

Do Absolute branching fractions without
o Y(3770) 7 z luminosity or production cross section

i e Clean threshold environment
- Do““: Low backgrounds and controlled systematics

For neutral D mesons
Quantum-correlated DD pairs
— access to strong phases

Clean threshold charm data enable precision tests of the Standard Model

Oct. 19-23, 2026, Stony Brook U MENU 2026 24



41/ Precision charm decays — Probing V.. and V ;4

V.s: D = Klv

BESIII: Phys. Rev. Lett. 137 (2026) 091803

N+ +
BESIII: Phys. Rev. Lett. 135, 061801 (2025)

BESIII: Phys. Rev. D 114 (2026), 033008
T I T T T I

F_T ¢ ® 3 T, R B P S B B
LCSR  Wu et al. [5] 0.661:0.067 L &« Data . i -
LFQM  Verma [6] 0.79:0.01 - 20.3 fb—l at 1/)(3 770) 800 —All PDF X*/NDOF=1.0 _|
CCQM  Tvanov et al. [7] 0.78+0.12 ° - - -Signal PDF - 7
RQM  Faustov ef al. [8] 0.716 q’: B —All background f~ B
LQCD Lubicz et al. [1] 0.765:0.031 — o Y A nd i 2
to(zn Chakraborty et al. [2] 0.7380:0.0044 1 N> 600 R A =

QCD Parrott et al. [3] 0.74410.0040 - (9] B + 7l
LQCD Bazavov et al. [4] 0.7452+0.0031 E | - Yu vu i
S WA e ey e (A o | —Other background -
BaBar Aubert ef al. [32] 0.727:0.007::0.009 - 400 =
CLEO Besson et al. [37] 0.739:0.007+0.005 -~ ~ B i
BESIII Ablikim ef al. [43] 0.748:0.007::0.012 L — 5] = -
BESIII Ablikim et al. [41] 0.7246:0.0041+0.0115 5 ~
BESIII Ablikim ef al. [40] 0.7327:0.0038:0.0030 > 200
BESIII Ablikim et al. [39] 0.7368+0.0026:0.0036 =~ B
BESII Ablikim ef al. [45] 0.7366:0.0011::0.0013 B
This work Simultaneous fit of D— Kl*v 0.7378+0.0007+0.0014 | 0 F Zxdll g ey S o b

0.2 0.8 —0.2 -0.1 0.0 0.1 0.2
£,(0) M2 (GeV/cY)

£+ (0)|V.s| = 0.7183 + 0.0007 + 0.0014 (precision: ~0.2%)
LQCD input: f,(0) = 0.7452 + 0.0031

fo+Veal = (48.02 £ 0.54,,, + 0.12;,,,r + 0.155) MeV
LQCD input: fp+ = 212.0 £ 0.7 MeV
Veal = 0.2265 + 0.0025,,, + 0.0009;,,,; = 0.0007 gy,

Precision charm measurements are reaching the precision of lattice-QCD calculations

Oct. 19-23, 2026, Stony Brook U
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47/ Quantum-correlated D decays — Strong phases for CKM y

Why gamma? Why BESIII?
i ' Amd & Swe2d
: 5 ] C = —1 quantum-correlated state
‘ g i“' / Nm"ié.; Tag side
Y BN a
94 g Flavour Ketv,, K n*, K n*n®, K n¥tn*tn™
' | E e [ — _
, _; Even K*K—_ mw*m—, Agnzjzz; ntnmn°, K2m°,
MR VETEON  ran e ae 3 cp -
1 . . ! ) J K9, 0\ KO . KO . K9 r
0.0 02 5 04 06 08 10 odd sTT .g}i%n();gl s
CKM angle y Self- Kom+m=,
conjugate KPmtm~

theoretically very clean
measured through interference in B - DK Double-tag method

requires knowledge of D~ D? strong phases Reconstruct the signal D together

B~ - DK~ B~ - DK, with flavor, CP or self-conjugate tags

0 /10
D"/D” — same .ﬁnal StaFe £ ' _ Quantum correlations give direct access
D strong-phase information is an essential to strong-phase differences

input to the extraction of y

BESIII provides model-independent strong-phase inputs for precision y measurements

Oct. 19-23, 2026, Stony Brook U MENU 2026 26



47/ An unbinned measurement of CKM y with BESIII + LHCb

Model-independent unbinned approach BESIII + LHCb
Model-predicted ¢ Optimal weights : BESIII LHCb
Quantum-correlated D® D° + B* - DK*
g | — charm strong phases — sensitivity to y
E ® ' 2 l— T ‘ T ‘ ' | —
08l BESII 8 fb™" |
‘ LHCb 9 b~
1 2 0.6 —
m? [GeVed) m3 [GeV?/c') Ll) -
Strong phase varies continuously across phase space T04p .
Binned approach 02 g
average strong-phase information within each bin L2

P—
60 70 80 90 100

. Y [°]
Unbinned 'approach. T y = (713 £ 5.0)°
fully exploit the continuous strong-phase variation Strong-phase contribution: ~0.6°

Model-independent measurement without Dalitz binning Most precise single measurement of y
BESIII & LHCb: arXiv 2604.05712, 2604.05701

Quantum-correlated charm data enables precision measurements of CKM angle y

Oct. 19-23, 2026, Stony Brook U MENU 2026 27



4/’ Testing lepton flavor universality and nonstandard currents

LFU

BESIII: Phys. Rev. Lett. 137 (2026) 091803
BESIII: Phys. Rev. D 114 (2026), 033008

D° - K~Ilv:R, /e = 0.972 + 0.003 + 0.004
D* = K°lv: R, /e = 0.982 + 0.004 + 0.002

SM prediction: R, e = 0.975 + 0.001

LFU Precision: ~0.5%
No significant LFU violation

R,U/ e
3 e D> K ¢*v (0.972)
it m Dt - K%¢*v (0.982)
|
1 g L ]
0.94 0.96 098 1.00
SM (0.975)

Search for a nonstandard scalar current

Agp probes helicity interference
A scalar current modifies the scalar helicity amplitude
— App becomes sensitive to scalar couplings ¢ and cé‘

0.16
0.08}

0.08f 0.04}F

%5 0.00+ * 35Y0.00F *
_0.08} -0.04f
* SM * SM
D, — £+V¢ | D, — £+V1
0.6k PoEew . . 008 | Do R . .
-0.16 -0.08 0.00 0.08 0.16 -0.08 -0.04 0.00 0.04 0.08
c% chy

First measurement of Agp
First constraint on a scalar current

Consistent with the SM within current precision
No significant evidence for a scalar contribution

Precision charm decays probe both LFU and nonstandard charged currents

Oct. 19-23, 2026, Stony Brook U
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/I/ Summary

Search for the lightest pseudoscalar glueball

e X(2370): JP¢ = 0~ and mass consistent with LQCD expectations

» Strongly produced in radiative J /1 decays, with properties expected for a pseudoscalar glueball

* A compelling pseudoscalar-glueball candidate, while alternative interpretations remain under discussion

Hyperon physics — Quantum entanglement and strong interactions

e EE pairs provide direct access to weak CP phases

* Quantum entanglement enables the most stringent A EDM constraint and a new hyperon route to V¢
« Secondary antihyperon beams enable first observations of exclusive Ap annihilation channels

Precision tests of the Standard Model at open-charm threshold

* Double tags enable precise absolute branching fractions and determinations of V¢ and V4
 Quantum-correlated D°D? data provide strong phases for precision y measurements

* Sub-percent measurements test LFU and nonstandard charged currents

BESIII combines unprecedented data samples, unique production environments
and quantum correlations for precision tests of QCD and the Standard Model.
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