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BEPCII/BESIII

An excellent experlment & Great potential

EMC: Csl crystals
AE/E =2.5% @ 1 GeV (Barrel)
AE/E =5.0% @ 1 GeV (Endcap)

- Physics data taklng
.~ was started in 2009! £
; SRR o s WERY

TOF:
A or =80 ps (Barrel)
z or = 110 (60) ps (Endcap)

1 e =——— 8¢ ] ; MDC: small cell & filled with helium (He)
= N Oxy = 130 pm

"" - - 6,/p =0.5% @ 1 GeV
) o dE/dx = 6%
L N
; Q » ; Super Conducting Magnet: 1 T
e DO 7 TR Ve L A @ I
P upgrade, E construction b e

Muon ID: 9 layers RPC

\ 2009-2025: B
1033cm2s71) : : ¢
2024.7-2024.12: BEPCII upgrade to BEPCII-U - Ji ANA N\ "““ §

D024-now: (BEPCIlI-U)-Beam up to 2.8 Ge\L - -

ESIII Physics (£ = 1x

.1 Collected a world largest data sample in t-charm physical region
> 10B J/y, 2.7B y(3686), 20/fb (3770) and ~30/fb R-scan & XYZ

Great potential for probing hadron physics



A Hyperon Factory

Hyperon/baryon pair production in Charmonium(-like) decay
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S;S_ Baryon Octuplet
Baryon Decuplet

B A hyperon/baryon factory, provide a rich laboratory for
probing non-pQCD, hyperon/baryon property/CPV/EDM,
pQCD, etc. :
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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

Balance
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1.

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

n

4




History of CPV

Parity Violation || CP Violation — — r—
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]

% 1963 1973 2 2 2013 2020

1957 1964 ¥ 2001 °“ 2019 2025 Year
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CKM Matrix CP Violation CP Violation
[Cabibbo MiXing} M. Kobayashi and in Bdmeson decay | | in neutrino oscillation

N. Cabibbo T. Maskawa [LHCDb]
yperon
CPV?
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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 g1(3686);?]




Hyperon polarization and CPV

SEEE, WMMRNEXS
SRR T, AN Construct CPV observables 2

V(€)= (1+aycos) Y Cpu(6)izi, g
O Amplitude: Hy, > Hyjp + Mg,
S = |8|e!¥s+Ss)

A — S _l_ 7)0- ) ﬁ ) D ’p‘ei(57>+§73)

N(cosb)

Cl0) =1/N Y iy,

(1, sin 5 cos @y, sin B sin @y, cosbly),

(1, sin 5 cos ¢, sinf; sin ¢z, cosfy ).

My

iy

Y > ETET
: ] = 3] it
INBEBEL: 05,05, b O3, b7 Op, &, Oy b Lee-Yang parameters B If CP conservation:
SPARMBH: ay, AD, az, D, ay, az, Ps, ap, . = 2R§(5*P3 it ity m ay = —ag, ...
5% '*P,l) b= [1—aZsings B Then, one can construct CPV
- - bu =i o N o [4].
Transverse polarization e R e observables (& - A)™:
Ya S SEEPE T a2 —JETIE  paof, - S
[1 - o sin (A®) cos Osin 0 - CP = o —a= ;
e T T ayeoro el bt T
Relation of form factors G;Ivi and G;I; B gP - ﬁ ~ arctan( ::f> < Pz >)
s|G$|2—4M§,|G‘,{;|2 ol
= o2 S Lol g Y= s =$p — Soud arctan(%)
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Probing CP symmetry and weak phases with entangled
double-strange baryons

The BESIII Collaboration

Nature 606, 64-69 (2022) | Cite this article

13k Accesses | 17 Citations | 95 Altmetric | Metrics

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
AA. — a) + ay -0.004 + 0.012 + 0.009
cP — =
aA - aA
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PHYSICAL REVIEW LETTERS 136, 201802 (2026)

Precise Measurement of Matter-Antimatter Asymmetry with Entangled
Hyperon-Antihyperon Pair ~10 B |/

Parameter This Letter Previous best result
a3 0.5851 0,004 + 0,003\ 0.611 4 0.007+091 [15]
|20 (rad) 12205 + 0.0159 -+ 0.0056 1.30 £ 0.0320%2 [15]

N | o= —0.3813 4 0.0026 £ 0.0005 —0.367 £ 0.00410:00 [15]

ag 1% 0.3873 = 0.0026 = 0.0006 0.374 £+ 0.00475503 [15]

| 4= (rad) 00 —0.0008 £ 0.0072 £ 0.0010 ~0.016 £ 0.012709%¢ [15]
& /= (rad) 0.0020 =+ 0.0072 = 0.0006 0.010 = 0.012+0993 [15]
. ER 0.7434 % 0.0039 + 0.0015 0.7519 + 0.0036 = 0.0024 [45]
, \x{ —0.7478 + 0.0038 + o.omy —0.7559 + 0.0036 + 0.0030 [45]
(&p — &) x 1072 (rad) -02+124+0.1 0.7 + 2.0 8 [15]
(6p — 85) x 1072 (rad) 03+124+02 3.3 +2.0108 [15]
‘/‘“J AZ, x 102 —7.8+4.8+0.8 -9+ 877 [15]
Ml AgZ, x 1072 (rad) 0.6+£51+0.2 —3 4+ 8%3 [15]

Al x 1073 -294+43+07 —25+4.6+12 [45]

(=) —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]

(an) 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

o | 0)r= 0
Moments in y(3686) — Z(1530)°Z(1530)
X-7 AR AN R AR RN AN UL RN RS (T T Y MARRRRRRRARE T R R
02 . o e
Pyiz - ] 0.8f ]
i, N A g oot 1 2 '
% _0_2:_ 4 % 0.4F . % B
P._, st 1 5 o2 1 5
s 04 1 5 o - g
R 1 8 g
X-y N e 5
- 3 [ — — o
_08 __ _S;- 7S;;- __ Q-‘ 0.4 E 7SI.I/S0,0 S‘J,‘/SO.O E Q-‘ _2 —_ S4 4/S00 S7 7/S00 ]
r =S “Sur ] —0.617/ $52/800 S10.10/S0.0 Y I _Ssjs/So‘o _SIYZ.IZISO‘O
‘ Q -1 - Sir Sirr - 08 __ =834/S00 TS/ Seo __ 3 L Se,s/Soy,o =S 1414/ S0 .
P, ) P, s 06204202005 o4 0 s 0506204205005 04 e o8 1 050620205005 04 o os 1
- 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 g a —0.42 £ 0.08 + 0.05 h 0.43 £ 0.04 +0.04
> Four "‘dependent 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
- $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 1G21/Gx 1.61 £0.33 £ 022
- - Gl 0.0056 = 0.0006 == 0.0003 IGo/Gx| 3.71 £ 0.63 + 0.38
> A more detailed picture of hyperon Gy 0.0129 = 0.0007 = 0.0005 G0 /Gyl 11340204013
internal structure G| 0.0039 = 0.0002 + 0.0001




More advances for hyperon polarization/CPV

J/Y - AA > prpnt

J/P - AT +c.c.

02¢ C _ . NC 15 (2024) 8812
- PRL129(2022)131801 04§ iRl @029
0'15:: | 4:’ Each bin result lorJAy—)Afﬂ H
0.1 | — Global result for Jiy—AE®
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g . 0.4 B 1 L 1 1 l 1 1 1 1 | | L L 1 l 1 1 1 1
5 1" e s ! -1 05 0 0.5 1
. cos6, ' COSGZO /50
A® = (43.1£0.21+0.4)° Ad, = (58.9+ 5.5+ 0.6)°
Acp = (-2.5+4.6+1.2)x1073 Ad, = (124.0+ 5.5+ 0.6)°
Atpcp = |1'[ = (A‘pl Ar A<D2)|~0
P(3686) - E E > wtm AA

P - 220 - yyAA

P - XX - pr'pn”®

J/Y - T - ntpn®

——TT T
[ +Data: y(3686) = Data: J/y
0.1} — Fit: y(3686) Fit: Iy
Phase space
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A®; = —(15.7 £ 0.2 £ 0.1)°
ACDIIJ(3686) - (24’5 i 12 i 0.2)0
Acp = —(1.24+ 0.8+ 0.3)x1072

P (3686) - E°E° - n'nAA

Ad = (-16.1+ 0.3 +0.3)°°
Acp = (—8.0+5.2 +2.8)x1072

J/@p - E°E? - nnmlAA

x107°

Jiy — =°5° {

PRIL.133(2024)101902

w(3686) — x° 5°
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- ' PRD106(2022)1091101

-
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PRD113(2026)1.091501

02
0.1

0.1
V21705 0 05 1

cosO

PRD108(2023)L.031106

A®;,, = (4.8+0.410.2)°
A¢¢(3686) = (298 + 5.0 + 28 0)0
Acp =(0.4+2.9+1.3)x1073

A® = (39+6+3)°
Acp =(-2+5+1)x1072
AdDE, = (-5+5+1)x1072

Ay, = (14.7 £3.5+0.6)°
Acp = —(1.4 4 3.0 £ 1.0)x1072
ApEs = (0.0 + 3.0 + 0.3)x1072

Ad;,, = (68+1+1)°
Acp = (—5.44+6.5+3.1)x1073
A®F, = (—0.1+£ 6.9+ 0.9)x1073



Precise Measurement of A Hyperon EDM
O EDMs are important to probe new physics beyond SM at a level of TeV

J. Phys. G: Nucl. Part. Phys. 47 (2020) 010501 J Beacham et al

%1073 arXiv:2506.19180, accepted by Science
» SM-CKM = SM-0  « <g(®*pected) , ,q(meas) C L i
K —&— Fit result of data i
e B 0+ Id,I=0 ecm -
ot = X ——1d,1=4.2 x 10" ecm
w2 & OF u
10-25 10-25 g K IOB I/ll" events_'
PO R | S — s i S
= 107 10 3 ) N . -
| a a® | -
| Wq04 10-34 O -5F ]
;| -
SN0 10— ]
Ty 1043 0 0.2 04 0.6 0.8 1
e r A AL =
e u T v vy PI\[/) n p v |(2p X 217) ° ]% |

O An upper bound for A EDM: |d,| < 6.5%X10 e cm in J/y - AA

[0 The result achieves a three-order-of-magnitude improvement over the previous
upper limit in 1980s, providing stringent constraints on potential new physics
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PHYSICAL REVIEW LETTERS 136, 231903 (2026)

2.7B Y(3686)

<
n

Events / 0.005 (GeV/c)®
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o o
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Y

—
1 1 T T

oot
1 !: “ T '.l. T

125 BxfaTREE
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¥ (3686) > ttn ] /P

i + Reweighted Data
MC truth
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= - - - 1_57[+ Xﬁﬂ'_
QB=pe+°(p7r+_p7r_)pe+° - -
|p7r+ prr_|

Nevents(Q3 > 0) _ Nevents(Q3 < 0)
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Measurement of the Chromoelectric Dipole Moment of the Charm Quark

||||||||||||||||||||||||||||||||
Indirect Bound (107%) _.I
Direct Bound (107'%) —.I
BESIII [Cornell] (107'%) ""
BESIII [CK] (107'%) -
This Bound (10™"%) —'-hl
Cooova b v b v b v b v b ko™
—30 —20 —10 0 10 20 30
d.. (e-cm)
Parameter J/w — ete J/w — utu
Acp (x10™%) 33+£29+04 —-1.2+24+0.1
(Acp) (x1074) 0.6+ 1.8 +0.1

d.. [CK] (ecm)
d,. [Comell] (e cm)
|d..| (ecm)

(2.6 7.8 £0.440.6) x 10716
(3.5+£105+£0.6+0.5) x 1071°
<2.1x1071

o F AR TRAY )
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> e"e” - BB above open-charm

O Summary
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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
15 - ° T . P _— =11 B ‘]
= | \l il LA N ‘ | 1| 12 “F T et s,
d.=>10 10 'H- .’ .’ || ‘l | ||‘l ‘ — 2 [ + iy
s TR i rd el ke b | 1™ 200 Wt
; 2 | it UK :
ol L oo o 3.02 I S X T IS 0 T S
3.82 3.84 3.86 3.88 3.9 3. ] N 3.7 3.8 3.9 4.0
+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)

4.90 | | | | | | | | |
@
4.48]- -
[Y@360) | EE Charmonium Hybrid
— 2'D,421) 2°D,d.21) 2°D;4.22)
— **
QQ 55 40o) - N v 4.09) _ 1'F,4.09) I'Fy4.10) FF,(4.09)
LF ' I p—
% 4.06 h@ms) 2°P,(3.95)
(O] - 1'D,(3.84) _
Nl I
(7)) pPEs s S S S SN NN N NN N NN NN NN NN NN NN NN SN NN NN NN NN NSNS NN NN EEEEEEEEEEEEEN
% 3.64 ]
e o
7 1P)
[ ] Charmonium
322 B Charmonium-like
- Inp === Theoretical prediction
EXCHEEEE DD mass threshold
2.80 | | | | | | | | | | |
0+ 1~ 1+ o+ 1+ o+ 7+ 9 3" 3+ 3+ 4+ Pentaquark Glueball

> Still needs more effort in theory and experiment


https://arxiv.org/abs/2502.15117
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Colloquium: Hadron production in open-
charm meson pairs at ete™ colliders pr

Xiongfei Wang ®*, Xiang_Liu @7, and Yuanning_Gao

Show more v
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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)

4.90 | | | | | | | | |
[ <59
4.48]- =
— o] [x@z79) | 2'D,421) 2°D,d.21) 2°D;4.22)
— **
t\t\-) AT - N v 4.09) _ 1'F,4.09) TE@10) 1'F,4.09)
(4 — —
% 4.06 T 2°P,(3.95)
0] = %15 | 930 1, 550 T BN
N
(7)) PSS S S N I NI NN NN NN NN NN NN NN NN SN NN NN NS NN NN NN NN EEEEEEEEEEEEEE
% 3.64 = ]
S % D)
7y (1P)
[ ] Charmonium
322 B Charmonium-like
- Iy == Theoretical prediction
EXCHEEEE DD mass threshold
280 | | | | | | | | | | | '
0+ I - o+ I+ D 9 3" 3+ 3+ 4+ Pentaquark Glueball

» Scan for baryon pair production could offer more insights


https://arxiv.org/abs/2502.15117

ete” - HH near threshold

O Threshold enhancement (pp/nn/AA/AZ°)

Log[o®] (fb)

eff

Log[G ] (x 10®)

10°

5

10°

10*!

._.
i

[y
<>
~

._
<

[y
<>
>

[y
<>

%

T T
——emg
e e U

e,e,_,gn - 7 e
e'e = 2109 (2024) 012007

Xu Cao et al., PRD98 (2018)094006

Various scenarios

Li-Ye Xiao et al., CPC43(2019)113105

Jujun Xie et al., CPL39(2022)011201

o(e'e—AR) (pb)
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Bing-Dong Wa et al., PRD105(2022)014016

Ri-Qing Qian ef al.,, PRD107(2023)L091502
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Still not been understood

well!
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ete” > HH @+/s = 3.5 — 4.9 GeV

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

|

Systematic scan/study for baryon
pair production cross-section

Log[o] (fb)

eff

Log[G ] (x 10°)

10}

10*E

10% £

10}

—®— cte —pp_
+ee—>AA__ = eter—>E

—0

3.6

38

44

1.6

|

-2 102
(=1

[y

10!
1072

PRL124(2020) 032002
PRD(1.)104(2021)1.091104
JHEP11(2023)228
JHEP11(2024)062
JHEP05(2024)022
PRD(1)111(2025)L051502
arXiv: 2602.23835

o This work —o+ X°5° = %

TERE TmiF T Emj}
WEIE 4 Tﬁﬁm; |

z "

1

4 Vs (GeV) +>

[ Validate the VMD dominated

theoretical models




ete” > HH @+/s = 3.5 — 4.9 GeV

O Study for hyperon pair production, search for

charmonium(-like) resonance
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> Observation of )(3770) -» X X" and Evidence of 1)(4160) - AA E"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
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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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https://arxiv.org/abs/2606.22759
https://arxiv.org/abs/2606.22759
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https://arxiv.org/abs/2606.22759
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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

PRD104(2021)052006
O Study for three-body baryonic final states production, >>vc-ibo
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

[1 More new results are on the way
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