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Beijing Electron-Positron Collider Il (BEPCII)
Center of mass energy: 1.84~4.95 GeV ;
2008- Now (BEPCII):

Lpeak=1.1x103%/cm?s

Reached peak luminosity in 2016
Reached highest Ecm=4.95 GeV in Jan. 2021
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BESII| detector

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

EMC: Csl crystals

AE/E =2.5% @ 1 GeV - Barrel
2 AE/E =5.0% @ 1 GeV - Endcaps

“ ot = 80 ps Barrel
' o1 = 110 (60) ps Endcap

- =T MDC: small cell & He gas
Oy~ 130 um

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 SkHz, 50Mb/s
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Has been in full operation since 2008, all subdetectors are in very good status! 4
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Rich Physics at t-charm Energy Region

o(ete™ — v* — hadrons)
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BEPCIl: 2024FHEFSEE XK

ERAEE2.35GeV, FHREHIBEPCIEELE
1.06x1033 cm?s 1 (FAZE13.5% 1032cm-2s-1)

BEPCII upgrade (installation: 2024. 7- 2024. 12)
€ beam current @ luminosity

Highest beam energy: 2.8 GeV
Luminosity: 1.2x1033 em2s! (4.0 ~5.0 GeV)
(0.4-0.7) 1033 cm2s7! (5.0 ~5.6GeV); -
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New hadrons discovered at BESIII

https://english.ihep.cas.cn/bes/re/pu/NewParticles/
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BESIIl advantage: unique data near to the thresholds

e 1A Double tag - _
Known initial 4-momentum D Y

Excellent resolution
Beam-constraint A. mass

Known beam energy: pair productio

------ N Wi :
. g LI A —pK t*
Decay with neutron & n’ , % -
Single tag = i
. " - . < 1000
Decay with invisibles: neutrinos _ =
i i =t > pr® £ 500F
Mlssmg mass or missing energy 5
, P 935 226 2.27 2.28 2.29 2.3
O Ye P 2
MiSSiIlg mass use machine-learning algorithms? R‘ Jl)/‘n “ MBC(GeV/c )
R\ \ W AR SO \\ /‘ Neutrino reconstruction
\j, 3“(\ Zhang Jian-Lu \ 30 .
nb ?' {‘/A;jw —b e A;F — A6+V,/
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477 Mystery of matter-antimatter asymmetry

Matter

Anti-matter

According to the Big Bang theory:
Matter and anti-matter have the same amount

The observed universe 1s matter dominant:
(ng —ng)/n,~1071°

The standard model predicted value:
(g~ 0eEs

Why has the anti-matter disappeared ?

Sakharov’s three conditions:
*  Baryon number violation
e (Cand CP violation

\ , : 1= =
e Thermal non-equﬂibrium Pisma Zh. Eksp.

Teor. Fiz., 1967,
5:32-35

12



277 Roadmap of CP violation in flavored hadrons

» All of them are consistent with CKM theory in the Standard Model, but too small to
explain the matter-dominant world.

»Before 21 Mar 2025, there is no observation of CPV in the baryon system.

5.20 CPV in A, decay:
Ay o pntn K~

[ K meson CPV ] [ B meson CPV ] [ D meson CPV ] [Ab baryon] [Hyperorﬂcharmed baryon?]

1964 2001 2019 2023

LHCh  1HCD

James Watson
Cronin

Val Logsdon

: /"[1] Phys. Rev. 104 (1956) 254-258 Y
Fitch

[2] Phys. Rev. 105 (1957) 1413-1414
[3] Phys. Rev. Lett., 1964, 13: 138-140
[4] Phys. Rev. Lett., 2001, 87: 091801
[5] Phys. Rev. Lett., 2001, 87: 091802
[6] Phys. Rev. Lett., 122, 211803 (2019)
\[7] Nature 643 (2025) 8074, 1223-1228 /

13




77 Search for CP violation in hyperon decays
1) a CP-violating phase:

Ordinary phases in QM CP violating phases
matter antimatter matter antimatter
8\ S g\ -/ S
same sign opposite sign

If only have one path:
|Aei(5+5)|2 — A2

2) two or more interfering paths to the same final state The CPV phase vanishes

S-wave

Sel(ds+<s) 9
Pei(‘sP'l'fP)

in the probability density.

P-wave Spin-1/2 baryon

Spin-1/2 hyperon
/ S-wave Sei(as_ES)

@

Pei(SP_EP)

P-wave

Suitable for CPV searches!

14



477 Non-leptonic 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)
‘ 2 - Py ‘ [ Phys. Rev. 108, 1645 (1957) ]
The amplitude of spin-1/2 hyperon B; decay to a spin-
1/2 baryon By and a  can be completely described by

three decay parameters: o+ B2 +y2=1

TSP+ T ISP+ PP tir i
By = (1 — ay)2singy, yy = (1 — ay)2cosey

2Re (S*P)
ISP+ P

Py

ay

CP convervation: ay = —ay, fy = —,gy, Py = —QSY

15



J77 CP observables in hyperon decay

PHYSICAL REVIEW D VOLUME 34, NUMBER 3 1 AUGUST 1986

Hyperon decays and CP nonconservation

John F. Donoghue

Department of Physics and Astronomy, University of M Ambherst, M h ts 01003

Xiao-Gang He and Sandip Pakvasa
Department of Physics and Astronomy, University of Hawaii at Manoa, Honolulu, Hawaii 96822
(Received 7 March 1986)

We study all modes of hyperon nonleptonic decay and consider the CP-odd observables which re-

\

Xiao-Gang He Sandip Pakvasa

sult. Explicit calculations are provided in the Kobayashi-Maskawa, Weinberg-Higgs, and left-

John F.
DO no gh ue right-symmetric models of CP nonconservation.
SM Prediction of
A decay
T strong phase  CPV phase
= 3
s . . r-r 5 . . i -7
Not sensitive to CPV mmm) Decay width difference B = e \/ET—ism((SP — 85) sin(ép — &) 5.4x10
2
. . a+a
Easiest to measure mmm) Decay parameter difference A¢p = . —tan(dp — &) tan(ép — &s) —0.5x107*
Polarization of decayed baryon ] + B
Y Y mmm) Decay parameter difference Bep = B € ~ tan(ép — &) 3 0x10-3
a—a ’

needs to be measured t

16



BESIII: A hyperon factory
10 billion J/y and 2.7 billion y(2S)events collected

» Large BRs in J/y decays

» Quantum entangled pair productions

» Background free

Decay mode B(x10-3) Npg (x109)
J/v—= AA 1.61£0.15 16.1+15
J/— X050 1.20+£0.09 129409
J/— X+TE- 1.50+£024 15.0+24
J /¥ — X(1385)" X+ (or c.c.) 0.31+£0.05 31405
J/v¥ — ¥(1385)~X(1385)F (orc.c.) 1.10£0.12 11.0+£1.2
J/p— =020 1.204£024 120+24
Jjiv—=-="=t 086 £0.11 86+1.0
J /¥ — =(1530)°=0 0.324+0.14 32414
J/¥— Z(1530)" =+ 0.59+0.15 59415
¥(2S) = N~ NF 0.054+0.01 0.15+0.03

Hai-Bo Li, arXiv:1612.01775
A. Adlarson, A. Kupsc,
arXiv:1908.03102

’l
e+ et
_ﬂ‘l’ -

Single tag

X under study by
™" Zhang Jian-Lu
£ i ¥
:: 7. i\ :
Y -
XY View I

50 cm 17


http://arxiv.org/abs/arXiv:1612.01775
http://arxiv.org/abs/arXiv:1612.01775
http://arxiv.org/abs/arXiv:1612.01775
http://arxiv.org/abs/arXiv:1908.03102
http://arxiv.org/abs/arXiv:1908.03102

Entangled and Polarized hyperon pairs produced in e"e™ collisions

~

X
~

From Steve Olsen

Parity conservation : A, ., =A., 1, Parity conservation : A, ., =A., 1,
A®= complex phase between A., ., and A, .,

AIM]*
d cos 6

o (1 + ayycos® ), with gy = [Arjo,—1/2” — 2| A1jo1/0l”
" | / |A1/a,—1/2]% + 2| A1/2,1/2|?

18



If Ad#0, A and A are transversely polarized

Correlated 5-dim. angular distribution in differential cross-section of
this process: eTe™ — J/9 — AA
W(E; Oy, AD, 0L, 0L ) =1 + Oycos B

Unpolarized part Spin correlated part

+ o0y [Sin®0p (11412 — Oy y12y) + (cOS?Op + Oy ) 11 212 ]

+o_0pq/1— oc\l,2 cos(AD)sinOp cosOp (n1 12z +n1:1n2x)

+4/ 1 — 0% sin(A®) sin@p cos6p (o_nyy+0inyy),  Spin Polarized part

Spin correlated term and polarization term can be
A used to determine a_ and a, precisely

0_25—
3 , / 1—a 2 sin(A®)cos gA sin gA Nuovo Cim. A 109, 241 (1996)
- of ' Phys. Rev.185 D 75, 074026 (2007)

: Py(COS 6,) = 5 Nucl. Phys. A190 771, 169 (2006)
o 1+ a, Cos 6, Phys. Lett. B 772, 16(2017)
02

" " M " . M " " M " " | M . " "
—1 05 0 0.5 1 19




Search for CPV in A - prr~ withete™ - Jip - AA

0.2
Two BESIII papers have been published: 015, {_ Phys.Rev. Lot 120, 131801 |
[1] 1.3 billion: Nature Phys 15(2019)631 - o(());: #
[2] 10 billion: Phys. Rev. Lett. 129 (2022) 13, 131801 g 05
= -0.05F
Par. BESIII 10 billion [2] BESIII 1.3 billion [1] 04E " D
oy 0.4748 1+ 0.0022 = 0.0031  0.461 £ 0.006 £ 0.007 —0-15§— —Iner i
A® 0.7521 £+ 0.0042 + 0.0066  0.740 + 0.010 + 0.009 5
a—  0.7519 % 0.0036 + 0.0024 [0.750 + 0.009 + 0.004 2O e
at+ —0.7559 £ 0.0036 £ 0.0030 —0.758 = 0.010 £ 0.007 5 -0.5 0 0.5 1
Acp —0.0025 £ 0.0046 + 0.0012 0.006 + 0.012 + 0.007 cosb,
Qavg  0.7542 £ 0.0010 + 0.0024 - D B B B B B B
BES3 10 billion J/y(A/R) -0
3.2 M AA pairs were reconstructed. S R .
—o—
e Most precise measurement of A decay parameter
* Most precise A-p measurement in hyperon decay: \ 5
e Y
a_ + a, PDG 2018 PDG 2024
Acp = = —0.0025 £+ 0.0046 + 0.0011 b b b b b b b |
a_ —ay 0.62 0.64 0.66 0.68 0.7 0.72 0.74 0.76 0.78

o (A — prm) 20



. 0 [1] arXiv:2510.24333
II SearCh for CPV in A - nn decay [2] Phys.Rev.Lett. 132 (2024) 10, 101801

Two channels used to study A - nm¥: oes™ N
[11]/¥ = AA - nu®prt +c.c :
[21)/¢ - E"EY 5 A(—> n®)n~A(- prt)nt + c.c o7l . + n

Bl % :

E
— — ‘55 : —— SM prediction :
Parameter [1] J/w — AA [2] ‘]/’lp — E E+ |5—0.75* § BSM, minimal SM O
o 0.756 + 0.008 & 0.003  0.764 £ 0.00879 00> I D x (1) —a% |
' B BSM, SUSY ¢ [21J/Y—>EET .

o —0.764 £ 0.008 & 0.001 —0.774 £ 0.00912-20° Foomowe A Poe s -

o 0.668 & 0.007 + 0.002  0.670 = 0.00979-909 o 07 o 075 08

_ 0.006 i

o —0.677 £ 0.007 & 0.003 —0.668 & 0.0087 008 \ The most precise results of A neutral decay

Az p —0.005 4= 0.007 + 0.002 —0.007 4 0.008 2202 43% and 27% improvement in J /1) — AA

—0.006 + 0.007 + 0.002  0.001 £ 0.00977 0> compared with J /1) — E"E*
0.884 + 0.013 + 0.006  0.877 £ 0.0157 0015

Qo /oy 0.885 + 0.013 + 0.004  0.863 £ 0.0147 02

Most precise CP test in A neutral decay
SM prediction: Acp~107> (PRD 67, 056001(2003))

- Deviate from unity more than 5o, indicates the
Al = 1/2 rule: a—o =1 Al = 3/2 contributions in A decay -


https://arxiv.org/abs/2510.24333
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.101801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.101801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.101801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.101801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.101801

JJ/ Search for CPVin X7 decay

[1 Phys.Rev.Lett. 135 (2025) 14, 141804
[2] Phys.Rev.Lett. 131 (2023) 19, 191802

[1]]/1/J[1/J(3686)] Z+Z - pr®pr® [2] ]/ - ZF (- net)I™ (> pr®) +c.c.
AP T - 0.04 prr—rrr—rrrrrr e e
0.1 —FicvGese)  —Fit Iy —: 0.03 _
0.02 f- L . .
= ool Polarization of X
8 O =
S onf *-PDEQ;-;W; . Opposite direction of the T+
OO g g E hendondid .
~0.03 g—'"".Dllfference“"'"“"'"“‘g ............... .............. ............. Brigf T = polarlzatlon 1n ]/l/) and 1/1(3 686)
& 05 0 05 1 004 0% 06 04 02 0 02 04 06 08 1
coso cosb;.
10B J /4 and 2.7B ¥(3686) 10B /¢
Parameter [1] 2t - p®, 2~ - pr® [2] 2t - pn®, 2~ > An~ +c.c.
a; jp —0.5047 + 0.0018 + 0.0010 —0.5156 £+ 0.0030 £+ 0.0061
ADy 1y, —0.2744 4+ 0.0033 £ 0.0010 —0.2772 + 0.0044 4+ 0.0041 The most preCise CP test in X sector:
@y 3686 0.7133 + 0.0094 + 0.0065 - L
Qo T Ao
ADy (3686) 0.427 + 0.022 + 0.003 & Acp(T* > pn®) = T8+ 00083-+.0.0025
ao(Zt > pr®) | —0.975+ 0.011 + 0.002 3 a0+
= + + - —
Fi(E s mrD) 0.999 + 0.011 + 0.004 i Acp(Z” = ) = o7~ =—0080£0.052 £ 0.028

a, (T - nnt)

0.0481 £+ 0.0031 £+ 0.0019

a_(Z” > an)

—0.0565 £ 0.0047 £ 0.0022

22


https://journals.aps.org/prl/abstract/10.1103/ysd5-s2gn
https://journals.aps.org/prl/abstract/10.1103/ysd5-s2gn
https://journals.aps.org/prl/abstract/10.1103/ysd5-s2gn
https://journals.aps.org/prl/abstract/10.1103/ysd5-s2gn
https://journals.aps.org/prl/abstract/10.1103/ysd5-s2gn
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.191802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.191802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.191802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.191802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.191802

47/ Search for CPV in E decay

pmT “g\ed
X
Sp,,ha/ l-) W i Phys. Rev. D 99, 056008 (2019)
(] X\ ys. Rev. ,
g"ed I-)Ano‘\)@“ [Phys. Lett. B 772, 16 (2017)
+,— o)
b An
s pret
Through the sequential decays of Z, the B.p (CPV phase)
can be directly measured!
) v Z aE,anE,V/aQ/,oa%_\/,o
CPV tests in hyperon decays =
=" > Ar” =t > At
. § = (0=, 07, D 07, 7, Op, p, 0, &p)
S = |S| ex(i&s [+ is) §=|Slexp(—is|+ i6s)
P = |P| ex;[(ifp + i6p) P = —|P| exp(—iép|+ i6p)
/

\ CP-odd phases
The perfect reaction for hyperon CPV searches! :



Search for CPVin 2~ - Anr~ withete™ - JAip > Z7E7

BESIII Nature 606 (2022) 64-69, 1.3 billion J/i : 73 K E"E™ pairs
BESIII arXiv:2602.20524 accepted by PRL , 10 billion J/3 : 580 K 2~ Z* pairs

Parameter This work Previous best result

ay 0.5851 + 0.0044 + 0.0034 0.611 £ 0.007+3:%3 [15] 0.04F

A® (rad) 1.2205 4 0.0159 £ 0.0056 1.30 4 0.0370:%2 [15]

oz ~0.3813 4 0.0026 £ 0.0005 ~0.367 £ 0.00470 00a [15] 0.02}

az 0.3873 + 0.0026 + 0.0006 0.374 4 0.004729% [15] /\ HyperCP | &0

= (rad) ~0.0008 £ 0.0072 £ 0.0010 ~0.016 4 0.0127 005 [15] 5 T 12x10° 5= 4.1x107 5+
6= (rad) 0.0020 + 0.0072 £ 0.0006 001040012709 15 T 000 f | \ '

ay 0.7434 + 0.0039 £ 0.0015 07519 +0.0036 £0.0024 [45] 1y

@) —~0.7478 4 0.0038 + 0.0015 ~0.7559+0.0036 £0.0030 [45] () ol \/ i "

(€p —€5) x 1072 (rad) ~0241.240.1 0.74 20753 [15]

(6p - b5) x 1072 (rad) 03412402 334 2.0t§’_§ 15 BESIT 2602.20524 [hep-ex]

Apx 107 78+48£08 ~9:+8"7 [19 By vy o v 1 o7 PR

AdEp x 1072 (rad 06451402 ~34873 [15 (Ep—E5)z o = =
Agjxm-ﬁ* " 09443407 —2.5j:4.6i1[.2][45] —3.8x107 < (6 — E)M < —03x10-¢ 0107 ETET and 3.2x10°AA
(az) —0.3843 % 0.0018 + 00005 ~0.373£0.0054+0.002[16] —2.4Xx107* < (&p — E)IM < 2.0x107*

(¢=) (rad) —0.0014 £ 0.0050 + 0.0008 0.016 + 0014 £ 0.007 [16]

(an) 0.7456 + 0.0022 + 0.0014 0.7542 £ 0.0010 + 0.0024 [43]

CPIEIAEURE: 1073

+

. . S SSIENIE < 0.77E
By analyzing the spin-correlated " Z™ pairs, the az can be BRAAE < 107
independently measured, all other experiments can only i h
measure the product of oz and a, (a=zay,). o4

- 55) An



Search for CPV in 2% - An? with ete™ - Jp — E0E°

10 billion J/y
e = ] i 508 20 > An® EERLE [ | | | -
320 K =% — E" pairs o1 50 Polarization
Parameter This work Previous result with 98% purity i
g 0.514 £ 0.006 = 0.015 0.66 == 0.06 [34] R SO o S
Ad(rad) 1.168 + 0.019 + 0.018 - 3
o= —0.3750 £ 0.0034 + 0.0016 ~ —0.358 - 0.044 [18] -
a= 0.3790 £ 0.0034 + 0.0021 0.363 + 0.043 [18] o1l
¢=(rad) 0.0051 £ 0.0096 =+ 0.0018 0.03 £ 0.12 [1§] I
¢=(rad) —0.0053 £ 0.0097 £0.0019 ~ —0.19 + 0.13 [18] T T s o Tos T
QA 0.7551 £ 0.0052 =+ 0.0023 0.7519 £ 0.0043 [13] Ccos 6
an —0.7448 £+ 0.0052 £ 0.0017  —0.7559 = 0.0047 [13] The precision of e asymmetry parameter 10>
&p —Es(rad) (0.0 +£1.74+0.2) x 102 -
§p —ds(rad) (—1.3+1.740.4) x 102 \ . 0
Az, (—5.4+6.5+3.1) x 102 (0.7 £ 8.5) x 102 [1\8‘\, Measurement of t¥1e weak ((?PV) phase difference in E
AdZp(rad) (—0.1+6.940.9) x 10~3 [(=7.9 +8.3) x 10~2 [18] decays, most precise results in weakly baryon decays:
AL L (6.94+5.84+1.8) x 1073 . . 18p-Esl<1.4° (@ 90% C.L.)
(az) —0.3770 + 0.0024 £ 0.0014 - \
(p=)(rad)  0.0052 % 0.0069 £ 0.0016 - Three CP tests
(o) 0.7499 + 0.0029 & 0.0013  0.7542 + 0.0026 [13]
\ The precision of (a,) obtained from 320K Z° is

Phys. Rev. D 108, L031106 (2023) Editors’ suggestion comparable to that obtained from the measurement of

3.2 million A decays!
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New Measurement of =~ — A7~ Decay Parameters
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Based on a sample o polarized 2~ — A7, A — pm~ decays collected by the HyperCP
experiment (E871) at FermiJab, we report a new measurement of the =~ decay-parameter angle ¢z =
(—2.39 = 0.64 = 0.64)° frpm which we deduce the decay parameters Sz = —0.037 = 0.011 + 0.010
and yz = 0.888 = 0.0004 = 0.006. Assuming that the CP-violating phase difference between s and p
waves is negligible, thg/strong phase-shift difference, 8, — 8, for A7 scattering is determined to be

(4.6 £ 1.4 £ 1.2)°.
HyperCP: Phys. Rev. Lett. 93 (2004) 011802

144 M E~: ¢pz = —0.032 + 0.011 + 0.011 rad

With 0.58 million reconstructed =~

= decay

BESIII: Nature 606 (2022) 64-69
BESIII arXiv:2602.20524

Probing CP symmetry and weak phases with

entangled double-strange baryons
After applying all arorementionea selection criteria,

5.8 x 10° ete~™ — Z~ =1 candidates remain in the final
sample\ The amount of background contamination from
this sample is evaluated with a two-dimensional sideband
using a lowser requirement of §(5). Two regions in the
distribution\my,- versus mj,+ are selected as the es-

1.306 GeV/c?* and 1.338 < mp,—(ir+) < 1.370 GeV/c?,
respectively. The number of sideband background events
is found to be 2034\+ 45, or 0.4%, after normalizing the
data events to the range of §(6) < 0.016 GeV /c2.

2% pairs from 10 billion J/y events

at BESIII, we achieved a precision for ¢p parameter comparable to that

in the HyperCP experiment in which 144 million £~

are reconstructed.

The spin correlation between the £~ and Z* significantly improved the
precision of the decay parameter measurements; the single-event sensitivity of

BESIII is 1000 times that of HyperCP.

0.58 M Z-E* pairs : (¢z) = —0.0014 + 0.0050 + 0.0007 rad
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J// Search for Strong CPV in X% —» Ay decay

The CPV sources in SM:

*  Weak interaction, CKM (observed, but too small) of 20 - Ay ree | loop
dsa _ d¥y +dy,

e Strong interaction, 8-term (Not yet observed)

10 B J/1 and 2.7 B 1(3686)

ete™ = J/1,9(3686) - °(= AY)Z° (- Ay), A > pr~, A - prc*

Parameter [ Phys. Rev. Lett. 133 (2024) 10, 101902 ]
a —0.4133 + 0.0035 =+ 0.0077
AD,,, (rad)  —0.0828 + 0.0068 + 0.0033
A,y (3686) 0.814 + 0.028 + 0.028
A®, 3656 (rad)  0.512 + 0.085 +0.034
Uz0 —0.0017 =+ 0.0021 £ 0.0018
Gy 0.0021 + 0.0020 + 0.0022 |
an 0.730 £ 0.051 £ 0.011
an —0.776 + 0.054 £ 0.010
Az, (04 +29+1.3)x 1073
A, (=3.0 £6.9 £+ 1.5) x 1072

Phys. Lett. B 788, 535 (2019)

s SU(3) symmet
The Transition EDM SU(3) sy A Neutron EDM

~ —0.88

d, - dﬁree_l_dLOOP

- W e Polarizations

__________

Lo Lol ofP

Similar behavior is
observed in 7,
but not in A or !

1/0.2

coséy

Opposite directions of the X° polarization

The first attempt to measure the P-

\ violating decay parameter of 2% - Ay.
The first strong-CP test in hyperon decays.
27



477 Spin polarizations of different hyperons
]/¢)—>AK

PRL129, 131801(2022)

A® = (0.7521 £+ 0.0042 + 0.0066) rad

W(3686) > AA
arXiv:2509.15276

-0.05F
-0.1F [
~0.15F

02—1 —08—06—04—02 0 02 04 06 08 1

cosb,

—-Data
—Fit
¥4nbin = 0.66

AP = (0.366 + 0.064 + 0.013) rad

P o> TtE-
Phys. Rev. Lett. 135 (2025) 14, 141804

[+ Data wwm; —+ Dat uw N
0_1_—sz(x( — Fit: Jy —
= Dhace ace n

AD(J /1) = (—0.2744+0.003340.0010)rad
AP (2S)) = (0.427+0.02240.003)rad

l/) abed ZOEO
Phys. Rev. Lett. 133 (2024) 10, 101902

10°

0
[N

AD(J /) = (—0.0828 + 0.0068 + 0.0033)rad
ADP(2S)) = (0.512 + 0.085 + 0.034)rad

J/ - EE*

Nature 606, 64 (2022)
a) P,

AP = (1.213 + 0.046 + 0.016) rad

W(2S) » EE*
Phys. Rev. D 106, L091101 (2022)

04} ]

-1 0.5 0 0.5 1
c0s0-

AP = (0.667 + 0.111 + 0.058) rad

J/ - E°E?

Phys. Rev. D 108, L031106 (2023)

AP = (1.168 + 0.019 + 0.018) rad

(3686) —
arXiv:2510.19571

=070
hd

0.2
0.1

I

—0.1

021 255 0 9% 1

cosf_,

AdP = (0.257 £ 0.061 + 0.009) rad
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(62, 92)
1l""l""l""l""l """" I
—e— BESIII 2025 (This work)
BaBar ISR 2007
—a— BESIII scan 2018
—¥ BESIII 2019
*‘f‘ —¥— BESIII ISR 2023
5 g,
A 10 +
' *f
_+__+_' ty
10_2I....]....l....[....l....l....l ........ | T R
2.2 23 24 25 2.6 2.7 2.8 2.9 3 3.1

Energy—dependent polarizationineTe™ - A A

=

T (ell 4’1)

CMS energy (GeV)

BESIII: Phys.Rev.Lett. 135 (2025) 191902

I
| | ---¢?=q
2.5 :
E ! — = @ = Gy
20|! | ¢ BESII 2025
— L ¢ BESIHI 2019
E‘JELS: ! <4~ BaBar 2007
s b |
&\ REFIS T
I | —d—
0.5/1/ |
I
! |
0.0/ |
1007 T -
: : o ¥ |
= 1
g | 22 +
S 9! g
= I 1
& I | . .
S i ,,ll—a; sin(A®)cos 8, sin 6,
! | P,(cos6,) = 5
5 i i 1+a,cos™ 6,
-\ i
o[} I |
0 2 4 6 8 10 12 14

g2 (GeV?/ch
The modulus of the ratio between the electric and magnetic form factor,
remains fairly constant across the considered energy range, the relative
phase changes by more than 90° between 2.40 and 2.65 GeV.
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Energy-dependent polarization in eTe™ —» At A7

|Ge/Gu|

A} rest frame

sin(A®)cos 8, sin 8,

2
1+a,cos™ 6,

2.5

2.0 1

1.5

1.0 1

0.5 1

¢  This work .
{  BESIII previous results BE SIII . aI'XIV . 2 5 O 8 . 1 1 400
== Prediction (2021)

- Prediction (2024)

-+- BESIII2024 -+- BESIII2019

R

—

A =

: -o-

: e

: —e-
: —o—

1 —e—

P —e—

P —e—
IIII‘IIIIlIIIIlIIII'I

What’s the production dynamics of charmed baryon? 30



J// Radiative decay: A > ny in J/y - AA

| Phys. Rev. Lett. 129, 212002 (2022)

Single Tag

700F o 400f-
%‘6002— (a) %\ : (b) s
S 500F 5 S 300 A | et 1Y,
= - S E /*‘ e
w400 = [, i T, A
% 3002_ % +$a:a| . % 200_ Y %445 015 _o:is-ll:-)o;galo:;:ﬂ n//. Double Ta
Tl B W A R S N S o y i
100 - .- BKGB PDF = - BKGB PDF
5 oA, W =Lt : PRI, WLt
(9.08 0.1 0.12 0.14 0.16 0.18 0.2 0.22 0.24 (908 0.1 0.12 0.14 0.16 0.18 0.2 0.22 0.24
ES™(GeV) ES™(GeV)
1T
[ A w ® BESII
: :
05| A A - yn(x1073) A - yn(x10~%) | Combined(x10~%)
= i - ngCQM BF 0.834 + 0.046 + 0.064 0.876 + 0.071 + 0.082 0.832 + 0.038 £+ 0.054
T ol ——— ¥ T oy —0.13+0.13+0.02 02140154006  —0.16+ 0.10 + 0.05
05 4 550 E-I- A —0.25+ 0.61 + 0.15
— : ;
-1 . N B | A
0 B1F( A _)nY)(xlg-3) 3 BF of A — ny, with improved precision, smaller than PDG value by 5.5¢0
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J// Radiative decay: Z* > pyinJ/yp - ZTX"

Events / (3 MeV/c¢)

The most precise branching fraction and decay parameter of % — py:

x103
i g 000
3 L1 4000 <
=@ T g
N FF 03T 055023 004 2
¢ Data ;
= Total Fit E:
— = Signal O
s*spn) BKG A
(BtherBKG
0.15 0.2 0.25 0.3
P, (GeV/c)

(8)

x103

i 1 600

- #i

- i1 400

- (b) i

- i1 200f

N " i 0 ik

I i1 021 022 023 0.24
F i Data

I ] — Total Fit

[ i — = Signal

- Y —pn’ BKG

[ . Other BKG

0.15 0.2 0.25 0.3

P5 (GeV/o)

« Bt - py) =(0.996 + 0.021 + 0.018)x1073

a, = —0.652 + 0.056 + 0.020

The CP asymmetry is calculated to be:
Acp = (a_ + ay)/(a_ —ay) = 0.095 + 0.087 + 0.018
Acp = (B —B_)/(By +B_) =0.006+0.011 £+ 0.004

| Phys. Rev. Lett. 130, 211901(2023) |

Single Tag /”0/ R
"
e+ ]/1/)/;
ol -

e

Double Tag

Ha

The decay rate deviates from
previous value by 4.2

_0.2 T T T
0.4}
¢>
—06[ 420
+ ¥ BESII
¢ PDG
VMD
—08 — A 1 t PM I
A PMII
- N m NRCQM
= 4+ + BSUQ)
-1+ 4 ChPTI (BF x0.1)
ChPT II
. | . . N N | N N " N | 5 5 | .

0.5 1 1.5 2
BF (Z*—= py) (x107)
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J7’ Radiative decay: 205 Ay in ] /11) — =070 | Sci. Bull. 70 (2025) 454-459 |

— _ Fioo Single Tag / m I
L 500¢ |
L @ Ao i
=S I oA g *. . S et 1.
3300F 0T 7 } ¢ pw Saok " | ¢ Daa Sant =
> oo} o -y
> X 4 X
) 1 o o0z X R X T Npp € 1
: : : : : : B0 5 Ay) = DT, EST
p, / (GeV/d p_/ (GeV/o) (E” - Ay) N, X -~ Xz A5 )
1 ' ' | ' ' I ' ! ' ]
: — i — ‘r BESI Channels 20 > Ay 29 > Ay
0sF + v Individual BF(1073) | 1.348 4+ 0.090 4+ 0.054 | 1.326 + 0.098 + 0.066
N Lo Combined BF(1073) 1.347 + 0.066 + 0.054
b evon | |Individual @y (@) | —0.652+0.092+0.016 | 0.830 £ 0.080 + 0.044
o & \ Combined a, —0.741 + 0.062 + 0.019
; - A
I S S— First CP test in 20 - Ay: Acp = —0.120 + 0.084 + 0.029
BF (2= Ay) (x107)
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Semileptonic decay: A — pe” vV, in | /P > AA

BESIII: arXi1v:2509.09266

»
e+

W"‘r
-

-]
: 10 billion J/psi: 1854149

' ‘ /'Y Oc- /
Observable This work Previous result Refs.

B(A — peV,) (8.16£0.22+0.15) x 10~*  (8.3440.14)x 1074 [8] . 5 M,
g 0.74299%5 1 0.009 0.718 +£0.015 8] B = —GrlVus|* —o—5- {1 + 391 + 0(9)}
+0.069

8av —0.7067 173 +0.014 - with § = (M — M,,) /MA ~ 0.159 for A — pf— 7,

(8av) 0.72979:03% +0.007 -

g, 0.934+0.51+0.17 0.15+0.30 [12] . -

gt 0.89 £ 0.49 £ 0.20 - axial vector: gy = %7

(&) 0.89+0.3540.14 - weak magnetism: g,, = ?

Vis|sue) 0.2199 £ 0.0094 1
0.2224 4-0.0034 9,34 =92

VaelLoe 0.2332 + 0.0042 [9, 34] weak electricity: ggp,0 = =

\Vis| A/ fE+38* 0.4543 +0.0076 —

<g aV> O'7O6t8:822 -

<gw> 0771-8?13 -

(gar2) —0.19756; - 34
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Semileptonic decay: A - pe™ vV, in J /1 » AA

BESIII: arXiv:2509.09266

CKM unitarity Vl—IV st TVl

0.22799+0.00137

K meson av.
0.22431+£0.00085

T lepton av.
02207+0.0014

Cabibbo, hyperon av.
0.2250+0.0027

Cabibbo, A —pe™ ¥,
0.2224+0.0034

This work, input LQCD FF
- 0.2332+0.0042 Others
% (Vys) 3.4%

.. .
0.22 0.23
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477 Search for hyperon electric dipole moments at BESIII

L magnetic moment .
d: EDM , T
dﬂu I e
- oA
™

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

» When CPT symmetry is conserved, T
violation is equivalent to CP violation.

; Physics

‘Beyond
Colliders

10—16
10-19
10-22
10-25
10—28
10-31
10734

10—37
10—40

10—43

B SM(CKM) ® SM(6) B <d(Currentdata) M < d (Expectations)

J. Phys. G 47 (2020) 1, 010501
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477 Traditional approach and its Limitations

* Method: Measure EDM via spin precession induced by an external
EM field

. S A and S’ A: Spin directions of the A before and after precession
* 0, and 6',: Angles between spin and momentum

* Applications: Successfully applied to electrons, neutrons, protons,
ete.

* Challenges:

e Short lifetime: ~10~1%s, limiting precession time
* Low polarization: Difficult to produce highly polarized hyperon beams

e Current Status: Only the EDM of the A hyperon has been explored.
The most stringent upper limit, 1.5X1071 e-cm, comes from a
1981 Fermilab experiment, with significant room for improvement.

Phys. Rev. D23 (1981) 814

dy < 1.5x107 e cm @ 95% C.L.

Phys. Rev. Lett. 41 (1978) 1348
pup = (—0.613 £ 0.004)uy
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Jir Searching for hyperon EDM at BESIII

X.G. He, J.P. Ma, Phys. Lett. B 839(2023)137834

X.G. He, J.P. Ma, B. McKellar, Phys. Rev. D 47 (1993) R1744-R1746
Detailed dynamics in J /i decay to hyperon pair, have been studied:

i
A = €,(Du(y) (Fvy“ +—0"q,H, +y"y°Fy + J“VVquHT) v(4,)

2M,

Dominant contribution P violation term
arXiv:hep-ph/0412158

Psionic form factor Complex form factor, F, # 0
Fy and H, indicate P violation

can also be represented as G,

and G,

Hy is included in this term

Hr(q?) =

2e 5
3m2 gvdp(q®)
My

Assuming dg(q?) = dg(0)

dg(gq?): electric dipole form factor

dg(0) : electric dipole moment
Physics Letters B 551 (2003) 16-26
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J// Sensitivities of hyperon EDM at BESIII

Sensitivity of Re(dy) (e cm)

107

@ BESIl(Im(dy) @O STCF(Im(dy))

@ BESII(Re(dy)) [0 STCF(Re(dy) A STCF+Polar(Re(dy))

A STCF+Polar(Im(dy))

10-18__5 1 —
; ® o9 . ® e ;
L o [ J S o
- . _
1079 ! -
- A a
N 0 w o 4 ]
- a Q A -
] O

10205_: & =
- A 3

p— —10

A > = =

(a) Sensitivity for Re(dg) and Im(dp)

J. Fu, H.B. L1, J. Wang, F. Yu, and J. Zhang,

PhysRevD.108.L091301

107

1078

10°

1 0-20

Sensitivity of Im(dy) (e cm)

SM: ~ 10726 ¢ cm

BESIIl: milestone for hyperon
EDM measurement

A 107 cm ( FermiLab
1019 e cm)

first achievement for X+ 2~
and 2 at level of 10~% cm

a litmus test for new physics

STCF: improved by more than
one order of magnitude
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47/ World’s most precise A EDM measurement

 EDM extracted via full angular analysis of entangled decays: it - N ERroan!
REE D R S B L e - Ce e e o PR
» -19 , .
lmidy) = (294 2.6 + 0.6)x107— e -cm BESIIL: arXiv:2506.19180

which corresponds to an upper bound of:
ldy|l < 6.5%107%° e-cm (95% CL)

* Improves sensitivity by more than 2 orders of magnitude over previous best.
Prior direct A EDM limit (Fermilab, 1981): |d,| < 1.5 x 107 1%e - cm.

« The A EDM is sensitive to the QCD vacuum angle (0) and the strange quark EDM (d,).
» Effective EDM relation from theory:
dy = (—2.6 + 0.4)x107 9 e cm + d,
d, = —(1.5+0.7)x107 0 e cm — (0.20 + 0.01)d,, + (0.78 + 0.03)d,; + (0.0027 + 0.0016)d,

e Combining A and neutron EDM constraints allows tighter exclusion of BSM scenarios.

0.25216705 02521671 0.25216715 117545 11755 L17555
T 06491348 e ~ 6530566 | I

S = 5 - —
O 06491346 / 2 esises [ Excluded by d

P —— 2 - L i —

. S (=)

A. With SU(3) flavor symmetry: = =d = 06491344 i = enne [ —
(3) \ ry: dy = dg $ in X ] Pl inaiinl| Excluded by d
< 0.6491342 = = n

\1
T

B. Without SU(3) symmetry: d; > d,,d, Scenarios A £ _

6.530 .
- Scenarios B
—0.6491342 a 653056 [~ Excludedby d and d,
-0.6491344 / -6.530562 —
il ] C L] Unexcluded area

~0.6491346 - 6530564 / _—

—0.6491348 —: -6.530566 :—

-1.1755

-0.25216715 -0.2521671 -0.25216705 -1.17555 -1.17545 40
B - a -5
8(x 107 B (x10%)




47/ Complementarity of A hyperon and neutron EDMs

K. C. Chen, X. G. He, J. P. Ma, X. B. Tong, Phys. Rev. Lett. 136 (2026) 5, 051902

~

d: chromo-electric dipole moments

dx =[5.29 x 1074d,|+ 4.61 x 1075(d, + da) +{6.21 x 10|+ 1.98 x 10~%edy — 2.14 x 10~%¢d,,

d, = —(0.20 £ 0.01)d, + (0.78 +0.03)d, +[(0.0027 + 0.0016)d3]— (0.55 + 0.28)6Ju — (1.1 0.55)6Jd
The QCD theta-term is neglected

2 —— 2 ——— — T — : :
[ ] Limited by dj [ Limited by dy
i Scenario I [T Limited by dn || I Scenario IT [ Limited by dn
[ Limited by da&dn [ Limited by dj&dn
1lds > dy,dg 1} ds = d, = dg

; 3 Limitations of the Neutron EDM:
:— ; * Sensitive mainly to the EDMs of up and down quarks.
* Insensitive to the chromo-EDM of the strange quark (d;)

ds (x10™1 cm)
o

Unique Advantage of the A Hyperon EDM:
L ] * Particularly sensitive to the strange quark chromo-EDM

Complementary Information:
(a) (b) * A EDM provides information on the strange quark chromo-

Figure 2: Constraints on the s-quark EDM d, and CEDM d, from the measurements on the A and n EDMs. EDM that cannot be accessed via the neutron EDM
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Spin correlated quark-anti-quark in e e~ Annihilation

 In eTe™ annihilation, ete™ — vy (spin-1) — spin-1/2 q and q
- In a given event, the spin directions are unknown, but they must be parallel
- Exploit this correlation by using hadrons 1n opposite jets (hemisphere)

Using 62 pb™! @ 3.65 GeV continuum region below open-charm threshold
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Collins Fragmentation Function (FF)

The measurement of the Collins FF provides an important test in understanding strong
interaction dynamics and thus is of fundamental interest in understanding QCD

J. C. Collins, Nucl.Phys. B396, 161 (1993)

Dth(Z, Phl) = Dcll(z» P}z,l)

1 (k XP;y)-S
+|H; Uz, P2 ) 1,
[1 (z h_L)J M,

D;: the unpolarized FF

H,: Collins FF

— describes the fragmentation of a transversely
polarized quark into a spinless hadron A.

— depends on z = 2E; /+/s Py
—leads to an azimuthal modulation of hadrons
around the quark momentum.

SIDIS

Transversity (X Collins FF

ete” collision

Collins FF (X) Collins FF




Importance : Q? evolution of spin dependent fragmentation function

PRD 88. 034016;
From Feng Yuan 2013 @IHEP, Beijing arXiv:1505.05589

e Reliable determination of the Collins functions, and extraction of the
nucleon tensor charge

 Study the QCD evolution effects with global analysis
« SIDIS + e*e™ : to extract the nucleon transverse spin distribution

o G
- <<
@ | | Q?%(GeV?)

3-10GeV? 25Ge\/2 100GeV? p




Reterence frame (@ BESIII

The Thrust frame: Method12 The second hadron frame: Method(

Thrust axis P
P | h2

PRD 78, 032011

hrust axis n

jet2 At low energy:
no jet like
Belle/ BABAR BESIII
dU(€+€_ - hthX) 30’ eq 2.2 2 4.[0] ~4:[0] . [1]q L[1]q
—7325{(1 + cos*0) DY (z,) DT (z5) + sin f{cos(d> + ¢ )}l (z)H ()},
The thrust frame dQdzdz,d,d$, %‘ 0 477 Lo -~ | :

do(e*e™ — hhyX) 3 . A HLfL:
The second hadron frame alee 1hoX) _ az z%z%{A(y)f[DlDth(y) 4 cos(2¢) [(Zh-krh-pT — Ky pp)— 2]}
dQdz,dz,d*qy Q

* Only the second method could be performed at BESIII
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Results of Collins asymmetry

BESIII : PRL 116, 042001 (2016)

E T " T "\ —r = —— ,_-
0.2;—+AUL 015'_‘.'AUL =
015:_52uc e : : ] T & A ]
2k u. Prediction g ] - [A icti .
0.1E [ A, prediction ] 3 0.1f CJAu. prediction =
g ; : 3 - [CJAyc prediction !
e e P e Gl PR ——. i
4 6 : .
Z .2 T S T
(22 )oin 0 0.5 1
1 1 ] | L | ) 2z, p (GeV)
02 03 05 0903 05 0905 09 t
o . et o OGS > (Clear nonzero Collins asymmetries, increase with

higher fraction energy, pt

— > The expected behavior of the Collins asymmetries as

ST a function of sin?02/(1+c0s%02) is linear and vanish
linear fit: i
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Summary

BESIII provides huge amount quantum-correlated hyperon pairs!

Questions Observables

Production
Pl

== Form factors

Interaction
'

Structure

Hyperons as
diagnostic tool

Symmetries \Spectroscopy

Decays

BESIII has pioneered an innovative paradigm by utilizing spin-entangled hyperon-antihyperon pairs.
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Test of AI = 1/2 rule in hyperon decays

* In the weak 1nteraction, the 1sospin 1s not a conserved quantity, however, there 1s
an experimentally well-established empirical rule -- AI = 1/2 rule.

* The Al = 1/2 rule allows only those decay transitions in which the change in the
total 1sospin 1s 1/2.

* Originally, this rule 1s found 1n the kaon decays K — mm, which give the ratio

between the Al = 3/2 amplitude and the Al = 1/2 amplitude: 2283; = 0.0445 +

0.0001 = 1/22.47. In hyperon decays, there are no observations of the existence
of the Al = 3/2 component before the BESIII measurements.

V. Cirigliano, G. Ecker, H. Neufeld, A. Pich, and J. Portoles,
Rev. Mod. Phys. 84, 399 (2012).
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Dynamics of the Standard Model, section XII-6
DOI: 10.1017/9781009291033

W) =1+ aPy - p 2Re (A" B) 6.4)
= o . ’y o= ——————, .
vope AR+ B2
and the polarization (Pp/) of the final-state baryon,
Py — (¢ +Pp-p) Ps + B (Pp x Do) + v [Ps x (Ps x Pg)]
B) = W) ,
2Im(A* B) |AI> — |B|? —
= y=—————=3+/1-a2 -2, (65
|A|” + |BI* |A]> + |B?

where Pj is the polarization of B and pp’ is a unit vector in the direction of motion
of B’. Experimental studies of these distributions lead to the amplitudes listed in
Table XII-5.

The nonleptonic amplitudes may be decomposed into isospin components in a
notation where superscripts refer to A/ = 1/2, 3/2,

AA—>1)7r_ = \/EAE/\” - AS)* Ag-—nr- - A(Zl) + Ag)’
_ (1) 3) 1 2
Aponnd = _AA B \/QAA As+ pn+ - §A(Zl) B SAS) + X3, (6.6)
Ago_pg0 = —Ag) — N/EA(;), 2 ) 4 3)
Az np =240 — 49 ﬁAW—»pn" = _§A>: + gAz + X,
E-—An- = o g

and Xy is of mixed symmetry. Similar relations hold for the B amplitudes. From

A stands for S-wave amplitude
B stands for P-wave amplitude

If only Al = 1/2 component exists:

AA—>pTL'_ — _\/ZAA—Wm;Oa
BA—)pT[_ — —\/EBA_W”TO,

then ap_pr— = Ap_pp0
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J1r Searching for hyperon EDM at BESII|I

| Phys.LettB 839(2023)137834 |

Detailed dynamics in J /i decay to hyperon pair, have been studied:

i
A = €,(Du(y) (Fvy“ +—0"q,H, +y"y°Fy + J“VVquHT) v(4,)

2M,

Dominant contribution P violation term
arXiv:hep-ph/0412158

Psionic form factor Complex form factor, F, # 0
Fy and H, indicate P violation

can also be represented as G,

and G,

Hy is included in this term

Hr(q?) =

2e 5
3m2 gvdp(q®)
My

Assuming dg(q?) = dg(0)

dg(gq?): electric dipole form factor

dg(0) : electric dipole moment
Physics Letters B 551 (2003) 16-26
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