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O Summary



Matter-antimatter Asymmetry

O One of the greatest mysteries of modern physics is to figure out
why there is so much more matter than antimatter in the Universe

AN

Matter
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2. C and CP symmetry violation
. Interactions out of thermal equilibrium

Sakharov three conditions

Baryon number B violation

CPV in collider
experiment is the most
fundamental one
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History of CPV

Parity Violation )| CP Violation

in weak decay in K meson decay CP Violation CP Violation CP Violation
T.D. Lee and C.N. Yang J.W. Cronin and in Bmeson decay | | in D°meson decay in Ag baryon decay
C.S. Wu et al. V.L. Fitch et al. [BABAR] and [Belle] [LHCb] [LHCb]
;}7 1963 1973 2 2 2013 2020 >
1957 1964 = 2001 2019 2025 Year
CKM Matrix CP Violation CP Violation
Cabibbo Mixing M. Kobayashi and in Bmeson decay | | in neutrino oscillation
N. Cabibbo T. Maskawa [LHCDb] o
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O World’s largest data samples Yk 10B ]/ and 3B {s(3686)

[0 Large BR for hyperon pair production in J/{y and y(3686)

[0 Quantum entangled pair production

O Clean background, etc. (100B J/{ and 30B lj}(3686)3]




Hyperon polarization and CPV

SRR T, AN Construct CPV observables 2

V(€)= (1+aycos) Y Cpu(6)izi, .
O Amplitude: Hy, > Hyjp + Mg,
— |S|e!0sts)

A S =
A — S _l_ 7)0- ‘N ) D ’p‘ei(57>+§73)

N(cos6)
B Lee-Yang parameters!! B If CP conservation:

)=1/N Z iz,

=(1 sin 0 cos ¢y, 51n9Asm¢A cos ),

5 = (1, sinf cos @5 sinfj sin @y, cosfy).
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5% '*P,l) b= [1—aZsings B Then, one can construct CPV
Transverse polarization P =BEFPE T v 1= dheostn observables (E » mA)M:;
= —|S|2 — PP ¢ =tan'1ﬁ—H az + az g _ P54 Or
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Probing CP symmetry and weak phases with entangled
double-strange baryons
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Abstract

Though immensely successful, the standard model of particle physics does not offer any
explanauon as to why our Universe contains so much more matter than antimatter. A key toa

matter- i Vi i f| that

violate the combined charge conjugation and parity (CP) symmetry’. As such, precision tests
of CP symmetry may be used to search for physics beyond the standard model. However,
hadrons decay through an interplay of strong and weak processes, quantified in terms of
relative phases between the amplitudes. Although previous experiments constructed CP
observables that depend on both strong and weak phases, we present an approach where
sequential two-body decays of entangled multi-strange baryon-antibaryon pairs provide a
separation between these phases. Our method, exploiting spin entanglement between the
double-strange =~ baryon and its antiparticle? {\bar{{\Xi }}}"{+}, has enabled a direct
determination of the weak-phase difference, (§p— &)= (1.2 +3.4 £ 0.8) x 102 rad.
Furthermore, three independent CP observables can be constructed from our measured
parameters. The precision in the estimated parameters for a given data sample size is several
orders of magnitude greater than achieved with previous methods2. Finally, we provide an
independent measurement of the recently debated A decay parameter a4 (refs. +5). The
{\Lambda }\bar{{\Lambda }} asymmetry is in agreement with and compatible in precision to
the most precise previous measurement?.

Nature 606, 64(2022)
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S J/p - E"EY

ay 0.586 + 0.012 + 0.010
Ad(rad) 1.213 + 0.046 + 0.016

a -0.376 + 0.007 + 0.003
¢z (rad) 0.011 + 0.019 + 0.009

az 0.371 £ 0.007 = 0.002

¢=(rad) -0.021 + 0.019 + 0.007

a, 0.757 + 0.011 + 0.008
ax -0.763 + 0.011 + 0.007
&p — &5(rad) 0.012 + 0.034 + 0.008
8p — 8¢(rad) -0.040 + 0.033 + 0.017
g _@ztag 0.006 + 0.013 + 0.006

A" =
<5 az — az
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PHYSICAL REVIEW LETTERS 136, 201802 (2026)

Precise Measurement of Matter-Antimatter Asymmetry with Entangled
Hyperon-Antihyperon Pair ~10 B J /P (580,000)

Parameter This Letter Previous best result

3 0.5851 0,004 + 0,003\ 0.611 4 0.007+091 [15]
|20 (rad) 12205 + 0.0159 + 0.0056 130 + 0.0319%2 [15]

| —0.3813 £ 0.0026 = 0.0005 —0.367 + 0.004f8;882 [15]
A |- ~1%, 0.3873 = 0.0026 = 0.0006 0.374 £ 0.00470:553 [15]
M | = (rad) —0.0008 + 0.0072 + 0.0010 —0.016 4 0.012739% [15]
& | = (rad) 0.0020 + 0.0072 = 0.0006 0.010 = 0.012+0993 [15]
|, 0.7434 £ 0.0039 £ 0.0015 0.7519 =+ 0.0036 & 0.0024 [45]
v \x{ —0.7478 =+ 0.0038 + 0. 001J —0.7559 =+ 0.0036 = 0.0030 [45]
§[A2r <107 ~78+48+08 —94+ 847 [15]
Bl ApZ, x 1073 (rad) %0 0.6+5.1+0.2 -3+ 843 [15)
ACP x 1073 -29+43+0.7 —2.5+4.6+1.2 [45]
(o= —0.3843 + 0.0018 + 0.0005 —0.373 £ 0.005 £ 0.002 [16]
(¢=) (rad) —0.0014 =+ 0.0050 = 0.0008 0.016 & 0.014 £ 0.007 [16]
(ap) 0.7456 =+ 0.0022 £ 0.0014 0.7542 =+ 0.0010 =+ 0.0024 [45]
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PHYSICAL REVIEW LETTERS 137, 011901 (2026)

Observation of Z(1530)° Polarization and Determination of Its Electric and Magnetic

. = 0= 0
Moments in y(3686) — Z(1530)°Z(1530)
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- X
Y C0805(1530)0 C0565(1530)0 COSQE(153O)°
> Spin-3/2 particles exhibit not only vector  Paameter Value Parameter Value
polarization but also tensor polarization a 0.02 £ 0.06 + 0.06 hy 0.69 £ 0.05 + 0.05
F ? a —0.42 £ 0.08 + 0.05 h 0.43 £ 0.04 +0.04
> Four Independent form factors: electric a; 0.75 + 0.06 & 0.06 hi 0.43 + 0.03 & 0.03
charge (Gg), magnetic dipole (Gy), electric |4, () ~1.81 £ 0.13 £ 0.07 &, (rad) 0.56 2 0.11 % 0.06
s $5 (rad) 2.37 +0.08 £ 0.05 ¢, (rad) 2.37 £ 0.08 + 0.05
quadrupole (GQ), and magnetic octupole b, (rad) 1.02 + 0.15 + 0.08 ¢Z (rad) —2.90+0.13 + 0.08
(Gp) moments |G| 0.0035 = 0.0006 = 0.0004 [Gw/Gx] 1.61 £ 0.33 £ 0.22
. . Gl 0.0056 = 0.0006 = 0.0003 G/ G| 3.71 +0.63 £ 0.38
> A more detailed picture of hyperon Gyl 0.0129 = 0.0007 = 0.0005 G0 /Gyl 11340204013
internal structure G| 0.0039 = 0.0002 + 0.0001




More studies for hyperon polarization and CPV
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PHYSICAL REVIEW LETTERS 136, 231903 (2026)
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Measurement of the Chromoelectric Dipole Moment of the Charm Quark
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Indirect Bound (107%) _.I
Direct Bound (107'%) : _.I
BESIII [Cornell] (107'%) ""
BESIII [CK] (107'%) -
This Bound (10™"%) —'-DI
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—30 —20 —10 0 10 20 30
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Parameter J/w — ete J/w — utu
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XYZ/Charmonium(-like)

[0 A series of XYZ states observed in past decades
X(3872) Y (4260) Z¢(3900)

~_ 40 . N L —4— Data
—35 § | llO“E—'- e ] 100 - — Total fit
% 30 - N i b [ ---- Background fit
S o5 S 30 H —Hl |3 8o -.- PHSP MC
8 ?ﬂ C ‘ 10 ;#”' "’ifﬂﬂm’f'f’* up,”",'vf i ot i Q) C D Sideband
o = ! : t i ﬁ* Mt = 60
= 20 2 _r V3384 42 44 46 48 5 QS L
= @ 20— ’ ‘ ‘ ‘ ‘ — o C
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+1t)/ GeV/
M(J/\lf TCTC) (GeV) mm 1Y) (Gevic) Mmax(”iJ/W) (GeV/Cz)
Phys. Rev. Lett. 91, 262001(2003) Phys. Rev. Lett. 95, 142001(2005) Phys. Rev. Lett. 110, 252001(2013)
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XYZ/Charmonium-like

LlConventional Charmonium states: Nonrelativistic cc bound state

O ENCIARORMMRIRESEE: various scenarios, such as molecule

state, hybrid states, tetraquark states, etc., have been proposed

Rev. Mod.Phys. 98.021001(2026)
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== Theoretical prediction -

EXCHEEEE DD mass threshold @ q
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> Popular study : hidden/open charm decay mode, Still needs
more effort in theory and experiment 14


https://arxiv.org/abs/2502.15117
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Precise Measurement of Born Cross Sections for

ete” — DD at /s = 3.80—4.95 GeV

Phys. Rev. Lett. 133, 081901 - Published 21 August, 2024

DOI: https://doi.org/10.1103/PhysRevLett.133.081901

o -y . $ 100
= , 2P IR o, . A AR S .. F I Ty g’ NSTINRbG, [T
= ; ; ; = ; s ; . ; ; ;
E - E T .
F eSSl - e o e -~ . ] o Sl ope® S e 2 oo - ~ e * o
R e | B B e s
E - ] = s - 3
38 3944 42 43 44 45 46 a7 48 ad B T T e v S v R v S v R e S W v A S
Vs (GeV) Vs (GeV
=N Ay i

&

(S)

IESRFRRNFHN-ESENSE, HEE
(35) REFRMR 7 XEAIZTRER!




& (RAMESZTE ) KREFRNE

Recent Accepted Authors Referees Editorial

Colloquium: Hadron production in open-
charm meson pairs at e*e™ colliders

Policies Press About Editorial Team RSS N

Xiongfei Wang ®*, Xiang_Liu @7, and Yuanning_Gao

Show more v

Rev. Mod. Phys. 98, 021001 - Published 3 April,
2026

DOLI: https://doi.org/10.1103/2mrp-chly

EZMALMEBLREE SUSTNRRIBEE (Reviews of Modemn Physics) BREHR...

TERIIN

BERHESREARIL

FHRAMRZ

EMAE: REFEN—AEH HDEIREER
EX

LA SFESRBRBRAN EREBAT
ZEEPRAE FIARCEHE—ZMAPILR

A HTAR AR RN R P E L ARBATRE

REVIEWS OF MODERN PHYSICS, VOLUME 95, APRIL JUNE 2026

meson pairs at e*e~ colliders

Colloquium: Hadron pi i lopentenarm

o)

FRGER T IER R FXEY ERAF I RSEFZERN
FHRE T RERHIETEEIT X S0 EE’J*EAEJZ%. RIZGEN e EE T AR

POBEL);

R HISE

SR

L=

yﬁ 1I=I 0N




XYZ/Charmonium-like

LlConventional Charmonium states: Nonrelativistic cc bound state

O ENCIARORMMRIRESEE: various scenarios, such as molecule

state, hybrid states, tetraquark states, etc., have been proposed

Rev. Mod.Phys. 98.021001(2026)
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[A new avenue: Baryon pair production}



https://arxiv.org/abs/2502.15117

ete” > HH @+/s = 3.5 — 4.9 GeV

O Study for baryon/hyperon pair production, test for pQCD, VMD
dominated theoretical models

ete” -» E0EY /23"

JHEP11, 026 & JHEPOS, 022

e

ete” - =
JS=4.0 — 4.6 GeV

ete” > E7ET
V5 = 3.5 — 4.9GeV
JHEP11,228

Observation of £(1820)
PRL.124,032002

2020 2021 2023

ete™ - AA
JS =3.5—4.6GeV
PRD104,1091104

ete >0 0Ot

Vs =3.5—4.9GeV

2024

ete” > K"EtA/X°
J5=3.5-4.9GeV
JHEP07, 258

Vs =3.49 — 3.67 GeV

PRD107, 052003

ete” > X2V /pp
V5 = 3.5 — 4.9GeV
arXivi2602.23835 & 2606.22759

ete” - x%2%/0-Q"
V5 = 3.5 —4.9GeV
PRD111,L051502&JHEP11,228

2025 2026

ete” - K"EOLt/KIE*TR™
Vs =3.5—4.9 GeV
arXiv: 2606.22762 & 2607.22507

ete” > pK K E*
V5 = 3.5 — 4.9GeV
JHEPI11,111




PRL124(2020) 032002

ete” > HH @+/s = 3.5 — 4.9 GeV ERD(L1040021 L5108

JHEP11(2024)062
O Study for hyperon pair production, test for VMD RO IS5
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gi; : o 7 +is work —— X% %::*): —
BTSRRI SN e il 1
;E/ 10%_ T T +:+ 1 ‘ [ﬁ? l@% » _%
— 135— : tgw; - ? 7 RIS al® ¢ —
S 10°g 1E 5
| 10;_ * 105 é{ - o-;gjo-;g t f t f } ’ f f é
— = igz o il :
10T
= oo B
=, el RN A it LM
S N | 3 * s (Gevy >
: . . . | . [ Validate the VMD dominated
3.6 38 4 4.2 44 4.6 .
(s (GeV) theoretical models




PRD(1.)104(2021)L.091104

ete” > HH @+/s = 3.5 — 4.9 GeV

O Study for hyperon pair production, search for arXiv: 260223835
charmonium(-like) resonance
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> Observation of 1)(3770) - X Xt and Evidence of ¥(4160) > AAZ"E™
> No significance for other Charmonium(-like) observed
> More experiment information for constaint for pQCD
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Observation

o¥(e*e— pp) (fb)

Proton at /s = 3.510 — 4.946 GeV
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» Observation of Y(3770) — pp (6.60)
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of ¥ (3770) — pp and Measurement of Electromagnetic Form Factors of

arXiv: 2606.22759
arXiv: 2606.22762
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» A structure near 4.2 GeV is observed with significances of
4.60 or 4.80 for the Yy(4160) or Y(4230) hypotheses including
systematic uncertainties
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Observation of ¥(3770) — pp and Measurement of Electromagnetic Form Factors of
Proton at /s = 3.510 — 4.946 GeV
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ete” > pK A/KEZA(X)/Pp(w)AA @+/s = 3.5 — 4.9 GeV

JHEP12(2023)027
- il i JHEP07(2024)258
O More study for three-body baryonic final states i n
s ) = PRD107(2023)112001
production, search for Charmonium(-like) states ERLIA 05T
arXiv:2605.19780
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> Evidence of 1(4160) - K"Z*A and observation of (3770) - K 2°A
> No significance for other Charmonium(-like) observed
> More information for charmless decay of Charmonium(-like)
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ete” > pK A/d(MAA @ +/s = 3.5 — 4.9 GeV

O Study for three-body baryonic final states production, >>vc-bo
search for excited baryon/meson states
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> Observations of near AA and pA enhancements
> More excited states and more constraint for pQCD
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e* e~ — multi-body final states @ /s = 3.5 — 4.9 GeV
O More study for multi-body baryonic final states production,

search for Charmonium(-like) states L T
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» No any Charmonium(-like) states observed, No deuteron

signal observed
> More excited states and more constraint for pQCD
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Summary

O BESIII has been running successfully (>16 years)

O 2024-2025, BESIII detector and BEPCII upgrade
» Upgrade in beam energy up to 2.8 GeV and luminosity (BEPCII-UP, 3X)
» A new inner tracker (CGEM) for BESIII detector was installed
> 0

1x10%
Upgrade BEPCII
(BEPCII-U)

BEPCII




Summary
[0 Many studies for hyperon/baryon physics achieved

> Hyperon polarization observed

> CPV in hyperon: O(~1073) [SM~ 10~*]

> A more strick upper bound for A —EDM and CEDM

> Observation: P(3770) - pp, X X and KTE°X"

> Evidence: Y(4230) —» pp

> Evidence: Y(3770) - AA, Z = and ¥(4160) > K =14
> Production for two/three/four-body hyperon final states
P eisiois

[0 More new results are on the way
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