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Roadmap of CP Violation in Flavored Hadrons

»CPV is necessary condition for the matter-antimatter asymmetry
» All consistent with CKM theory but too small to explain the matter-dominant

Breaking news from LHCb!

520 CPVinA, » pn*n~ K~
Nature 643, 1223-1228 (2025)

[ K meson CPV ] [ B meson CPV ] [ D meson CPV ] [ Baryon! ]
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A new possibility: search for CPV in entangled and polarized hyperon-antihyperon pairs
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https://www.nature.com/articles/s41586-025-09119-3#data-availability
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.13.138
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.211803

Hyperon Non-leptonic Decays

Chen Ning Yang

» Spin %2 hyperon decay
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» 3 decay parameters:
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General Partial Wave Analysis of the
Decay of a Hyperon of Spin 3

T. D. LEe* anp C. N. Yaxc
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Phys. Rev. 108 1645 (1957)
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https://journals.aps.org/pr/abstract/10.1103/PhysRev.108.1645

BESIII: A Hyperon Factory

Electromagnetic Calorimeter Muon Counter  rec 10 billion J /4 and 2.7 billion ¥(3686) collected
CsI(TI): L =28 cm Barrel: 9 layers at BESIII

 Barrel oz /E = 2.5% @ 1 GeV Endcaps: 8 layers )

. Endcap oz/E = 5.0% @ 1 GeV * Ogpatial = 1.48 €M  Large branch fraction

« Quantum entangled pair productions
 background free

e [Initial 4-momentum known
Front. Phys. 12(5), 121301 (2017)

R <77 Decay Mode B(x 107%) Np(x 10%)
fl=n — J/ > AR 1.89 + 0.09 ~18.9
e RS ' ' J/h - T+E- 1.07 + 0.04 ~10.7
Main Drift Chamber Tim_e Of F_Iight J /1 — £050 1.17 + 0.03 ~11.7
Small cell, 43 layer Plastic scintillator
* Oxy =130um » or(barrel) = 68 ps J/Y - E"E* 0.97 + 0.08 ~9.7
* dE/dx ~ 6% * or(endcap) = 110 ps —
op/p =0.5% @ 1 GeVi/c (update to 60 ps with MRPC) J/¥ — E0E° 1.17 £ 0.04 11.7
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https://inspirehep.net/files/fa2044ca870aa8cafb3c0a9c0d9c882e

Phys.Rev.D 100 (2019) 11, 114005
Phys.Rev.D 99 (2019) 5, 056008

Polarized Hyperon Pair in eTe~ Collisions

» The non-zero A® represents the transverse polarization:

1 — aj, sinfcosf
P,(cosf) = T+ aycos? sin(A®)
» Joint angular distribution: CP "y e
Hyperon Decays 6,/ <F /'
. _ N 3 ) r (@ ®
* J/Y = AAEE: W(Ew) =Trpps = Z Cuw| Q03,0 e com 'Ax\'/ @
M,V + Pxcos0 @ BPxsin0 X
A A 2‘\‘;:’ ‘\’:g
p

oF W(&w) =Trpgg =

I~ E
Based on the quantum entanglement between hyperons and antihyperons as well as joint angular analysis, the ¢=- precision of BESIII (73K
events) is comparable with the measurement from HyperCP (144M events) in Z~ decay, which means that the accuracy of a single event is
Nature 606 (2022) 7912, 64-69
6

more than 1000 times higher than HyperCP !
BARYONS 2025
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https://inspirehep.net/files/73b342625e332b6926174fbf6af26476
https://inspirehep.net/files/09986724fedff3de1b6a4c0be7e9b98a

CP Test in A(—» nm®) Neural Decay S ——

[2] Phys.Rev.Lett. 132 (2024) 10, 101801

l T 1 T T I T T 1 T l T T T T l

Two channels used to study A — nn°: 065
[1]1//¥ - AA - n’prt + c.c

[2]1]/¥ - E"E* 5 A(-> nn®)n~A(- prt)nt + c.c

S
~
| I I I I | I I I I |

E |
4 decay parameters and 2 CP observables measured of A %5075 ]
Paametr W Jjw oM B Jjw =2 i et |
o 0.756 & 0.008 £ 0.003  0.764 4 0.008 20> gl Gimsmowe A eoaus -
oy —0.764 + 0.008 & 0.001 —0.774 4 0.00919:203 o6 07 I 075 08
o7y 0.668 £ 0.007 & 0.002  0.670 & 0.0097F 003 The most precise results of A neutral decay
&0 —0.677 £ 0.007 £ 0.003 —0.668 = 0.0080-996 [ 439 and 27% improvement in J /) — AA
AZp —0.005 £ 0.007 & 0.002 —0.007 & 0.00812-202 compared with J /¢ - E7E"
A2 L —0.006 4 0.007 £ 0.002  0.001 £ 0.0097-00°%— Most precise CP test in A neutral decay
ao/a_ 0.884 £ 0.013 £ 0.006  0.877 £ 0.015F9-014 SM prediction: Acp~107> (PRD 67, 056001(2003))
a0/t 0.885 4 0.013 £ 0.004  0.863 4 0.014 DD 12
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https://arxiv.org/abs/2510.24333
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.101801

CP Test in Z+ Decay [1] Phys.Rev.Lett. 135 (2025) 14, 141804

\ [2] Phys.Rev.Lett. 131 (2023) 19, 191802
[1]1//¢[¥(3686)] — Z+Z - pn pr’ 2] ]/¢ - Z+(—> nn+)2 (—> pno) + c.c.

T 4 £
C +Dl w(‘iﬁSﬁ) +D1 Jl\p ] 0.0 : i
A —Fl w(?686) —Fit: Iy - =i
01 s e ] 0.03

Polarization of X%

Opposite direction of the =+
polarization in J /3 and y(3686)

002 -
0.01 ;
~0.01 ;

-0.02 f- ot o
-0.03 ; .Drfference‘é

| Y R ¥ S| _004—1 0.8 06 04 02 0 02 04 06 08 1

M(cos6b,.)

coso,. cosh,.
10B J /1 and 2.7B 1(3686) 108 J /1

Parameter [1] =t - pr® 2~ - pr® [2] 2t - pr®, 2" - Aan~ +c.c.
ay —0.5047 + 0.0018 + 0.0010 | —0.5156 + 0.0030 + 0.0061
AD) 1y —0.2744 4 0.0033 £ 0.0010 | —0.2772 +0.0044 + 0.0041 | |Ne most precise CP test in X sector:
a 0.7133 + 0.0094 + 0.0065 - ay + @

PG630) Acp(z+ - pr®) = =2 %0 _ _0.0118 + 0.0083 + 0.0028
AD .y s686) 0.427 + 0.022 + 0.003 - o — o

+ 0 _ _ a, +a_

G = pm) 0.975+ 0.011 + 0.002 Acp(E+ = nmt) = = — —0.080 + 0.052 + 0.028
a,(E~ - pr®) 0.999 + 0.011 + 0.004 — @y = Q-
@, (- nr) - 0.0481 + 0.0031 + 0.0019
a_ (- - ano) — —0.0565 + 0.0047 + 0.0022
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https://journals.aps.org/prl/abstract/10.1103/ysd5-s2gn
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.191802

CP Test in X° Decay Phys.Rev.Lett. 133 (2024) 10, 101902

The CPV source in SM: e T RARREE-
« Weak interaction, CKM (observed, but too small) [ m [ e : o
 Strong interaction, 8-term (not yet observed) % CETTTTR IR T i P:Iaonzat'on
A A > : or X
10B J/y and 2.7B ¢ (3686) -1 | Lri -
Parameter This Letter 2 (3686) > 20 F° j—|_§_ _ Similar behavior is
1 l 11 observedin X, but
Ay —0.4133 4+ 0.0035 £+ 0.0077 A l ------- ) E— ] : o
I [ 1 notinAorz
AD,,, (rad)  —0.0828 + 0.0068 = 0.0033 o T -
al,l/(3686) 0.814 £ 0.028 + 0.028 » :_ } _d
AD,, (3656 (rad) 0.512 £0.085 + 0.034 - 05 0006, 05 1
Q50 —0.00T7 £0.002T £ 0.0018
Q50 0.0021 + 0.0020 + 0.0022
an 0.730 £0.051 £ 0.011 _
in —0.776 + 0.054 + 0.010 T_he fl_rst attempt to measure thg P-
AZ, (04+29+13)x 1073 \ violation decay parameter of £ — Ay
A -2
Ace (-3.0£69+1.5)x10 The first strong-CP test in hyperon decays
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https://doi.org/10.1103/PhysRevLett.133.101902

[1] Phys.Rev.Lett. 132 (2024) 10, 101801
[2] Phys.Rev.D 108 (2023) 3, L031106

CP Test In = Decay

[11]/¢ - E7E* > A(> nr®)n~A(- prt)nt + c.c [2]1] /¢y — E°E° - An®Ar®

Parameters This work Parameter This work
ayy 0.611 £ 0.007 1007 o 0.514 +0.006 + 0.015
A®,,, (rad) 1.30 + 0.031002 A®(rad) 1.168 +0.019 +0.018
= ~0.367 + 0.004+0003 = —0.3750 + 0.0034 £ 0.0016
?’75 (rad) —0.016 + 0-012f§_'§§§ Determination of all = 0.3790 £+ 0.0034 £ 0.0021
e 0.374 £ 0.004 700, == decay parameters ¢=(rad) 0.0051 £ 0.0096 £+ 0.0018
¢= (rad) 0.010 + 0.01219-993 P=(rad) —0.0053 = 0.0097 & 0.0019
An- 0.764 = 0.008 4 096 an 0.7551 £ 0.0052 £ 0.0023
ars ~0.774 % 0.0097 53 iy —0.7448 £ 0.0052 = 0.0017
Aro 0.670 £ 0.00999% 2
o —0.668 £ 0.008.15 0e &p — Es(rad) (0.0£1.7£0.2) x 10

Sp — Ss(rad —13+1.74+0.4) x 1072
5p — 85 (rad) 0.033 + 0.020+0.008 — r2d) ( )
£p — & (rad) 0.007 + 0.02010918 Acp (-54+£65+3.1)x 107

= -3

AGE, (rad) 0003 + 0.008+09%| 5 and 3 CP qbser_vables AR, (6.9+58+1.8)x 1073
Ay ~0.007 4 0.008:5002| - measured with high (az) —~0.3770 = 0.0024 = 0.0014
A9, 0.001 = 000973555  Precision (=) (rad) 0.0052 + 0.0069 % 0.0016
AL, —0.004 = 0.0079 507 (an) 0.7499 £ 0.0029 + 0.0013
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.101801
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.L031106

Hyperon Weak Radiative Decays

Prog.Part.Nucl.Phys. 91 (2016) 1-100
Sci.Bull. 67 (2022) 2298-2304

» Flavor changing neutral current process (s — dy transition)
» A symphony of strong, weak and EM interaction

» Decay width & decay asymmetry parameter:

e?GE 13 2Re(ab™)
— 2 AN —
[ =—"=(lal* + |b*) %] @ = L ETIbP

b: parity violated amplitude

a: parity conserved amplitude;
»Hara’s theorem: a,, = 0 under SU(3) symmetry.

> a,, values are large in experiment
* Various phenomenological models?
o ChPT I
« Need more precise measurements

Yupeng Pei BARYONS 2025
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CP observables in HWRD:
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https://www.sciencedirect.com/science/article/pii/S0146641016300424?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2095927322004868?via%3Dihub

Radiative Decay: yt+ DY N Ji /1/) — YT Y™ physRevlett 130 (2023) 21, 211901
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The most precise branching fraction and decay parameter of 2+ — py:
+ [BE* - py) = (0.996 + 0.021 + 0.018) x 1073

@y

= —0.652 £ 0.056 £+ 0.020

The CP asymmetry is calculated to be:

Deviate from previous
value by 4. 20

Acp = (a_+ ay)/(a_ —ay) = 0.095 + 0.087 + 0.018
Acp = (B, —B_)/(B, +B_) = 0.006 + 0.011 + 0.004
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N €
B(Z* - py) = - X —

Ngr  €pr

T T T T T T T T T T T T T T T T

<

BESIII
PDG
VMD
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PM II
NRCQM
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ChPT 11

ChPT I (BF x0.1)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.211901

Radiative Decay: =0 - AyinJ/yYp - =070 Sci.Bull. 70 (2025) 454-459

< 500F"™ <™ Single Tag | /™ .
> 4005 50} (a) > 5005 50p (b) // A
=NE L : ) g
8 300; 05 v b 8 3005_ 017 018  0.19  Daa ot /éi; i
N . === Total Fit N - —_— gpg‘talflt S e
— 200F Signal ~ 200F _{) nal » =0
2 i - + Z'>An’ BKG 2| . - . .= A BKG
q§ 100;_ === Other BKG q§ 100 : — « Other BKG {A/{ J DOUble Tag
S - L W S 83 X .
0 0.1 0.15 0.2 0 0.1 0.15 0.2 0 Npr  €Egt 1
p,/ (GeVig P/ (GeVi B(E° - Ay) = Ngr 8 €pr 8 B(A - pr-)
1 — T 1
[ ¥ BESII =0 70 5 A
+ s Channels =Y = Ay =Y = Ay
=~ 0.5F ‘: ;’::II) Individual BF(10_3) 1.348 + 0.090 + 0.054 1.326 + 0.098 £+ 0.066
NN A e Combined BF(10~3) 1.347 + 0.066 + 0.054
T 0 ¥ NRCQM
(1 :;: gEET(‘Q’()BF o) Individual ay(c_ry) —0.652 + 0.092 + 0.016 | 0.830 + 0.080 + 0.044
o Qf-w* Combined a, —0.741 + 0.062 + 0.019
- £ A
o] FirstCPtestinE% — Ay:  Agp = —0.120 + 0.084 + 0.029

1 2
BF (2= Ay) (x107)
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https://doi.org/10.1016/j.scib.2024.12.019

Summary

» BESIII has collected a large number of J /4 and 1 (3686) data events

» Large hyperon pair production (AA, 2, E2

* Hyperon polarization measurements and CP violation searches

* Hyperon radiative decays
» More interesting results are on schedule base on 10 billion J /3 and 2.7 billion
Y (3686) data sets at BESII|I

» Look forward to future STCF !
Thank you !
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