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477 Mystery of matter-antimatter asymmetry

* According to the Big Bang theory:

v" Matter and anti-matter have the same amount
e The observed universe is matter dominant:
(ng —ng)/n,~1071°
* The standard model predicted value:
Anti-matter (ng — ng)/ny~10_18

*  Why has the anti-matter disappeared ?

Matter

e Sakharov’s three conditions:

v’ Baryon number violation

v" C and CP violation

le1. Eksp.
Teor. Fiz., 1967,

v" Thermal non-equilibrium 53235
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477 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.
21 Mar 2025

Breaking news from LHCDb!

5.20 CPV in A, decay:
Ay > pntn K~
Nature 643 (2025) 1223

[ K meson CPV ] [ B meson CPV ] [ D meson CPV ] [ Baryon ]

1964 2001 2019 Ve Y
[1] Phys. Rev. 104 (1956) 254-258
[2] Phys. Rev. 105 (1957) 1413-1414

3] Phys. Rev. Lett., 1964, 13: 138-140
Val Logsdon l ,ng [3] Phys. Rev. Le

Fitch [4] Phys. Rev. Lett., 2001, 87: 091801
e [5] Phys. Rev. Lett., 2001, 87: 091802
\[6] Phys. Rev. Lett., 122, 211803 (2019) 4

Search for CPV in the baryon system 1s one of the main goals in today’s large collider experiments.

James Watson
Cronin
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J7/ Non-leptonic hyperon decays

General Partial Wave Analysis of the
Decay of a Hyperon of Spin 3

T. D. Lee* anp C. N. Yaxnc
Institute for Advanced Study, Princeton, New Jersey

‘ :"/ \ ‘ (Received October 22, 1957)

Y, . & [ Phys. Rev. 108, 1645 (1957) ]
The amplitude of spin-1/2 hyperon B; decay to a spin-

1/2 baryon B and a 7 can be completely described by

three decay parameters: o+ B2 +y2=1
21m(S*P) _|S|2_|P|2 / l

TSP+ T ISP+ PP g 1
By = (1 —ay)zsingy , yy = (1 — ay)2cos¢y

2Re (S*P)
ISP+ P

Py

ay

CP convervation: ay = —ay, ¢y = —¢y
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47/ Semileptonic decays: Extraction of V

Prelude: The Cabibbo-angle anomaly

In the SM : First-row unitarity relation 2.30 tension PDG 2025 : Independent measurements

< D
2 2 2 _
Vaal? + Vsl + Vo |* = 1 A hint of new physics?  1Vual® + Vasl? + Vi |* = 0.9984 £ 0.0007

@ \V,,,|: Small (|V,,|? = 1.5x107>) =» The effect could be ignored in current precision

@ |V,.a|: Most precise; results from different decays are consistent at O(10~%) =» Precise and reliable

@ V.s|: o (|V,,s]) = 2.6X0 (|V,4]); inconsistence between results from different decays l_) 131_4_9_2: %5_ 1_8_0_3_(%(_)(2‘?_
Most precise Second most precise : Largest uncertainty i
|
Kaon : 2.20 tension from CKM unitarity Tau : 3.60 deviation from CKM unitarity | , Hyperon : consistent with CKM unitarity :
| 1
1
V.| = 0.2243 + 0.0008 |V.,s| = 0.2207 + 0.0014 E |V.,s| = 0.2250 + 0.0027 :
| 1
; HFLAV 2022 | :
PDG 2024 I 2.20 tension I V20 : Dominated by the A — pe™ 7V, i

Semileptonic hyperon decays gives additional inputs for | Vs|! J
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https://doi.org/10.1103/PhysRevLett.92.251803

477 Other topics of hyperon physics

* Hyperon weak radiative decays
* flavor changing neutral current (FCNC) process (s — dy transition)
* significant non-perturbative QCD effects

* Hyperon-nucleus interactions
* Hyperon puzzle in neutron stars
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477 Study hyperons at BESIII

Electromagnetic
Calorimeter
CsI(TI): L=28 cm
Barrel 05=2.5%

Endcap 05=5.0%

Muon Counter
RPC

Barrel: 9 layers
Endcap: 8 layers
Gspatial=1-48 cm

Main Drift Chamber
Small cell, 43 layer
Oxy=130 pm

dE/dx~6%

0p/p=0.5% at 1 GeV

Time Of Flight

Plastic scintillator
or(barrel)=80 ps
or(endcap)=110 ps

(update to 65 ps with MRPC)

Jun. 8-11, 2026, Italy

With 10 billion J /1 and 2.7 billion ¥ (3686) collected at BESIII,
~107 entangled hyperon pairs can be produced, which enables
precise studies of the hyperon physics.

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

Boc105) | Ny0x10)

I/ = AA 1.89 + 0.09 ~18.9
J/Y - 2% 1.172 4 0.032 ~11.7
J/Y - ZtE” 1.07 + 0.04 ~10.7
J/p - EOE° 1.17 + 0.04 ~11.7
J/Y - ETEF 0.97 + 0.08 ~9.7

W(2S) » Q~Q* 0.057+0.003  ~0.17

More 1 (3686) data has been taken after the
upgrade of BEPCII and BESIII inner tracker.

A hyperon factor
PhiPsi2026 yp f Y 8



N ete > J/p - AAA > pn—,A - prc?

Differential cross-section of this process:
W(é)

Hy/1 - @2, sin(A®)[a_F3(&) + a, Fy(£)] (1)

polarization

If sinA® +# 0, A 1s transverse polarized.

Independent measurement of a_, a,

Nuovo Cim. A 109, 241 (1996)
Phys. Rev.185 D 75, 074026 (2007)

Nucl. Phys. A190 771, 169 (2006)
Phys. Lett. B 772, 16(2017) Test CP symmetry
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47/ Search for CPV in A decay

Two BESIII papers have been published:
[1] 1.3 billion: Nature Phys.15(2019)631
[2] 10 billion: Phys. Rev. Lett. 129 (2022) 13, 131801

Par. Newest BESIII results
ayy 0.4748 £ 0.0022 £ 0.0031
A® 0.7521 £+ 0.0042 £+ 0.0066
a—  0.7519 £ 0.0036 £+ 0.0024
a+ —0.7559 £ 0.0036 £ 0.0030
Acp —0.0025 + 0.0046 + 0.0012
Qave  0.7542 £+ 0.0010 £ 0.0024

3.2 M AA pairs were reconstructed.

* Most precise measurement of A decay parameter

* Most precise A-p measurement in hyperon decay:

a+a

Acp = — = —0.0025 £+ 0.0046 £+ 0.0011
a—a
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0.2 ‘
0.15;—[ Phys. Rev. Lett. 129, 131801 ] e .
0.1F
—_ — ki
Ccl’bf 0.055—
g8 %
= -0.05
e —— Data
-0.1 E_ i —— Signal MC
~0.15E . — PHSP MC
5
= Qoo st o i LT T
-5 . . ‘
=1 -0.5 0 0.5
cos8,
I I T T T I ) T T I 1 1 1 I I I 1 | T I 1 I I I T I T T ] I 1 1 |
BES3 10 billion .l/lp(.-"\fK) -
BES3 1.3 billion J/y(Z/Z) ——
CLASI19 ——
LHCb o
—— ——
PDG 2018 PDG 2024

0.62 0.64 0.66 068 0.7 0.72 0.74 0.76 0.78

o (A — pm)
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JJ/ Search for CPV in X7 decay

Polarizations of >+
e+e_ _)]/d)r ¢(3686) - Z+E_’ z+ - pnol K - I_)n-o : :l-l.;atu‘..\p(,;bx('n '+'Dnt'n;1;wl ) S o )

0.1F —Fityiess)  —Fic iy =
B Phase space N

10B J /v and 2.7B 1(3686)  1.12 M £*X~ pairs reconstructed

Parameter lPhys. Rev. Lett. 135, 141804 (2025) ’ Phys. Rev. Lett. 131, 191802 (2023)]

e —0.5047 + 0.0018 & 0.0010 —0.508 + 0.006 & 0.004
A, —0.2744 £ 0.0033 £ 0.0010) —0.270 + 0.012 = 0.009
o0 ~0.975 £ 0.011 £ 0.002 | —0.998 =+ 0.037 + 0.009
o 0.999 4 0.011 4+ 0.004 | 0.990 + 0.037 & 0.011
3686y 0.7133 + 0.0094 + 0.0065  0.682 = 0.030 + 0.011
A, 3650 0.427 £ 0.022 £ 0.003 0.379 4 0.070 + 0.014
() —0.9869 £ 0.0011 & 0.0016 —0.994 + 0.004 & 0.002
Acp —0.0118 & 0.0083 £ 0.0028] 0.004 & 0.037 + 0.010

«  Opposite directions of %% polarizations in J /1 and 1 (3686) decays

*  Most precise measurements of the £+ decay parameters

*  Most precise CP test in the decays of &%

Polarization ratio of ¥ between J /1 and (3686) decays
Jun. 8-11, 2026, Italy PhiPsi2026 11



J/7/ Semileptonic decays: Determination of form factors

II Decay width of A — pe Vv, in the SM

PRD 70, 114036 (2004)\

4 2117 |2 275
Bropew, _ GEVWIi(0285 3 6 , 4 _
Tom=—" == oz [(1-38+589+50%] A=t
9 12 N, 12 .., 6, , s=a My
\_ +<3_§5+76 )gav+75 Yav2 +76 9w+ (=46 + 60 )gavgavz]/ M

Formalism from Varval'a dr o (W(f, a¢,Ad) ‘gé\v,qﬁ al_\) =0.;9\1(§") [%(g’) + %ﬁ (f’)
[2302.07665

+ @€ ey (F2€) + ayF3(€) + |1 - 0 cosaDFI(€)
+ I Yag (93’(5’) + @y FL(E) + | /1 - ol cos(Acb)ﬂ(g'))
+ 1 - o sin(AD) (€ F5(&) + ILEFIE) + a;fa(f’))]

where & = (GA,GP,¢p,Be,q2,0,3,¢I3) while & = (Oa,0p, ¢p,05,¢5) and € = (6., g°).

g2 = g2 (¢%) and g = gA(¢?)
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https://doi.org/10.1103/PhysRevD.70.114036

477 Determination of form factors of A — pe v,

Observable

This work

Previous result

Gav
Jav

(Gav)
Iw
G

(Gw)

0.742%3975 4+ 0.009

—0.70613:353 + 0.014

0.72973:928 4+ 0.007
0.93 + 0.51+ 0.17
0.89 + 0.49 + 0.20

0.89 + 0.35+0.14

0.718 + 0.015 [PDG2024]

0.15 + 0.30 [PRD41(1990)780]

— Assuming

(Gav)
(Gw)
(Gav2)

0.70619-982 + 0.026

0.77%323 +0.14

—0.19%382 + 0.18

W= {a\pqu))gava 8w, 8av2, Ut ((X_)}

Jun. 8-11, 2026, Italy
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BESIII: arXiv:2509.09266

» The first exploitation of polarization
and quantum entanglement in
baryon semi-leptonic decays.

9ar2 =0 » The first usage of joint angular-

distribution fit method in hyperon
semi-leptonic dacyas.

The innovative methodology significantly
enhances the single-event sensitivity

— » This work:
1.8 - 103 events = o4y = 0.049,
— gy = 0.38

» Fermilab [PRD41(1990)780]:
_ 37 - 10° events — g, = 0.020

g, = 0.30

13



J// Extraction of |V ;| from A - pe™ v,

» Assume SU(3) symmetry is conserved, f; = 1/3/2 [PRL92(2004)251803] BESIII: arXiv:2509.09266
[Vislsuz) = 0.2190 £ 0.0036ggsy; gr £ 0.0087ggsi pr £ 0.0004,, + 0.0005g¢

» Using LQCD FF prediction [PRL 135, 231901 (2025) ]
[VislLgep = 0.2339 + 0.0038ggsyy gr + 0.0004, + 0.0006g¢ + 0.0011;ocp

. 2 2
CKM unitarity [ 1-[V [V .| ‘
e, s 0.22799+0.00137 Others
3.1%

K meson av.
0.22431£0.00085

7 lepton av. FFLqcp
0.2207+0.0014 7.5%

Cabibbo, hyperon av.

[
0.2250+0.0027 Bsyst
28.3%

Cabibbo, A = pe” V,

0.2224+0.0034
This work, input LQCD FF Bstat
———
0.2339+0.0041 61.1%
k I k k k k l k l I I I I_I_I i T T T T T T
22 2 24 2 0 10 20 30 40 50 60 70
0 0.23 0 o2 (V)
Vi (%)
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477 Absolute BF measurement of A - pu~v,

[ Phys. Rev. Lett. 127, 121802 (2021) ]

_ x10° Ngr = 14,609,800 + 7,117 Npr = 64+ 9
p\ Fr T 1 L B N D+ A B B B B BN B
ry 0'6:_ _: - ¢ Data .
A - ] 185_ — Toulfi E
Tag \ o+ 2 : B e :
g 0.4:— —: = E Ozcl:: l\)/;ckgrounds 3
e” o F . = 12 E
ey S 03 = < 10 E
. 2ot - 33 :
Signal L% s . a O 3 .
A 0.1 ] :? 2k WL E
p - \H_ GE . r‘.’..’f. ! e (ahadBBRC ST R iRIRRIRE T E ey , AL JRE RS
106 108 11 112 114 116 808 006 004 002 0 002 004 006
Mp2(GeV/c?) U,i,(GeV)
First absolute BF measurement Test lepton flavor yniversality
B(A - pu~vy,) Consistent
_ _ pe — i +
B(A - pu~7,) = (148 £ 0.21 + 0.08)x10™* R = B S pev.)ppe  17810.028 BEIREIIN 0.153 £0.008
v - i . ]
Update measurement after a 50-year hiatus Search for CP violation
v" The first study of its absolute BF B e — B _
Aop = 2 T TPV _ 0,02 4 0.14 £ 0.02 CORSISIENG
v" The most precise result to date B, wv, * Bioputv, with CP symmetry
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JI/ Search for Strong CPV in 2%(— Ay) decay

The CPV sources in SM:

Weak interaction, CKM (observed, but too small)
Strong interaction, 8-term (Not yet observed)

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

ete™ = /1, 9(3686) - (= Ay)Z° (- Ay), A > pr~, A - pr?

Polarizations
of 30

/0.2

Similar behavior is

/0.2

Parameter [ Phys.

Rev. Lett. 133 (2024) 10, 101902 ]

observed in ¥,
but not in A or =!

-2

sy —0.4133 £ 0.0035 £ 0.0077
Ad,,, (rad)  —0.0828 £+ 0.0068 + 0.0033
a, (3686) 0.814 +0.028 £ 0.028
AD, 3656 (rad)  0.512+£0.085 £0.034
= —0.0017 £ 0.0021 £ 0.0018
| @y 0.0021 £ 0.0020 + 0.0022 |
an 0.730 £ 0.051 £ 0.011
an —0.776 + 0.054 £ 0.010
| AZ, (04+£29+13)x 107 |
AL, (=3.0£69+1.5)x 102

4

.....

\ Opposite directions of the X° polarization

\ The first attempt to measure the P-

violating decay parameter of ¥ — Ay.

I The first strong-CP test in hyperon decays.

Jun. 8-11, 2026, Italy
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/[

Signal side: momentum distributions of proton in the rest frame of X :

Radiative decay: Xt > pyinJ/yp - XX~

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

Events / (3 MeV/c)

[§S] W

[—
T =TT

X103

600

400f

b 200F

S
>

1 022 023 024

§ Data
me Total Fit

— = Signal
¥ —pn® BKG
«  Other BKG
R .

So

5 02

0.25

P, (GeV/c)

b

[a—

Events / (3 MeV/c)

0.3 (9

o8]

x10°
a 600
-+
T 00
i HEEE
[ P 1
N ' PO 0 o oo
[ P § Data
- .-? { — Total Fit
_— " ' — = Signal
T —pn’ BKG
,." g\_ Other BKG
15 0 2 0.25 0.3
P (GeVie)

The decay BF (0.996 + 0.022¢,; £+ 0.0174,5;) x1073
The decay parameter: —0.651 &+ 0.0564,; + 0.0204,,4;

The CP asymmetry is calculated to be

Acp = (B4

Acp = (@ +ay)/(@- —ay) = 0.095 + 0.087 + 0.022

- B)/(Bs+8B-)=0.006 +£0.011 +0.006

Jun. 8-11, 2026, Italy
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Yy v

The decay rate deviates from
previous value by 4.2

T T T T T T

$4+ED>p4ox

BESII
PDG
VMD
PM I
PM II
NRCQM
BSUQ3)

ChPT I (BF x 0.1)

ChPT II

BF (Z*—= py) (x107)

1.5

2
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27/ Study hyperon-nucleon interaction at BESIII

» Stable hyperon beam with well-known kinematics is challenging
e The study of hyperon-nucleon interaction is crucial to solving the “hyperon puzzle” of neutron stars

| Phys. Rev. Lett. 130 (2023) 251902 |

P mw X
- 0 15(22.945.5 ~+~ Data
% - 7.10 — Fit result
E 10— ---- Background
5 |
R
@ el bl I el
...... et e > 0 JUAREIIA0LASN! i u b b 5
0 z 1.3 ] 1.?5
For 2% momentum is 0.818 GeV/c M(Ar) (GeV/c)
. . Zn - E7p is observed
O‘(:. n — .:_p) = (74:|: 1.84¢at 1-5_sys) mb for the first time

(assuming the effective number of reaction neutrons in °Be is 3)

intense monoenergetic Z° baryon
o(E' +9Be - E~ +p+ ®Be) = (22.1£5.35at £4.55ys) mb.

The first study of hyperon—nucleon interactions in electron-positron collisions!

The cross sections of AN = X, Ap — Ap, and Ap — Ap [ PRC 109 (2024) 5, L052201 J
have also been measured with the same method. PRL 132, 231902 (2024)
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477 First study of anti-hyperon-nucleon interaction at BESIII

Reaction chain: J/Y - AA, A+p - KTntn™ +kn® (k = 1,2,3)

$

Phys. Rev. Lett. 136, 171904 (2026)

g ] Qo
\20 ~ L
Two-body decay, Pz = 1.074 GeV/c 2 12
s | g
: : : 210 | =57
hydrogen in the cooling oil ! g |
L 4 m} r
0
Ay % 2.1 2.2 2.3 24 2 2.1 2.2 2.3 24
M. . (GeVic?) M., (GeVic) _
, | Target First observation InIermedLat-e
ﬁK r_))+ f)) ) pno ~ i T T T ~ F T T T T T / K (892) 1n
X A K43 37 |z k = 1 channel
S AA AA“ 3.37 E - (€) S — L channe
\\ I Be 0.06 = 2+ | n |
AN\ 3.31 = | 8
D% oil oos % o I 2 >
Beam Pipe 323 e H”HHHHHH‘//\ HH|HH HH § [ L ]
Be 008 = o WULLLLLULILTS 4 } i = oG L ‘ _'_Jr'_fl._ =
i1 2 21 22 23 24 08 1 12 14
Au 0.001436 3’148564 M Krt3nd (GeV/cz) M Ko (GeV/cz)
0 Channel Cross section (upper limit)
. A . Ap~ Krirs 55717 +04

O

Ap - Ktata22°

Ap - Ktata=3x°

Ap — K*(892) ntn~
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7.957 +04
3.1772 £ 02 (< 72)
125538 +1.2
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477 Study hyperon-nucleus interaction at BESIII

[ Chin. Phys. C 48 (2024) 7, 073003 |

~ — Z+n
pK™A A4p < K+AA
_ K+E-
A . K*ETp

1/;(]3/61/;36)< StE- ‘ 2~ +p— 20, An

- OOt 20 +n— AA
Hyperon beam Possible reactions

Many interesting results will be coming soon,
expecially for anti-hyperon-nucleon interaction!

Jun. 8-11, 2026, Italy PhiPsi2026
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/I/ Summary

* BESIII has made fruitful achievements in hyperon decays!

v’ Hy

/ vvjr
A A

v Hy

v Hy

peron polarization measurement and CPV searches
peron semi-leptonic decays

peron weak radiative decays

v

peron-nucleon interaction studies

* More exciting hyperon results are expected in the near future.

Jun. 8-11, 2026, Italy
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47/ Search for CPV in E decay

3 3 3

[ Phys. Rev. D 99, 056008 (2019) ]

Phys. Lett. B 772, 16 (2017)

W0 p=01=0
S > pTc” e(\\aN},\ed
a/'gneo, |->A1TQ\)@<\‘°
ete >~ 8
e

Through the sequential decays of Z, the CPV phase
can be directly measured!

The perfect reaction for hyperon CPV searches!
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47/ Search for CPV in E decay

The precision of our analysis (73K Z~Z%) is comparable 320K 5950 pairs
with the measurement from HyperCP (144M events), L

E - 1.3 billion | /1/) which means that the accuracy of a single event is more 10 billion J / 1/) E 0
than 1000 times higher than HyperCP!

Parameter | Nature 606 (2022) 64-69 Previous result
Parameter | Phys. Rev. D 108, L031106 (2023) ]

a, 0.586+0.012+0.010 0.58+0.04+0.08 as/w 0.514 + 0.006 + 0.015
(A(D 1.213+0.046+0.016rad - ’ Afb(rad) 1.168 + 0.019 + 0.018
Q- -0.376+0.007+0.003 -0.401+0.010 a= —0.3750 4+ 0.0034 + 0.0016
[ = 0.011+0.019+0.009rad -0.042 £ 0.011 ¢ 0.0Iﬂ az= 0.3790 4 0.0034 4 0.0021
a- 0.371+0.007+0.002 | HyperCP: PRL 93(2004) 011802 ] ‘ij (rad) 0.0051 £ 0.0096 + 0.0018

- 007120019:0007ad - $=(rad) —0.0053 4 0.0097 + 0.0019

X 0.757+0.011+0.008 0.750+0.009+0.004 oA 07951 % 0.0052 = 0.0023
a .757+0.011+0. 750+0.009+0. _
_A First measurements of the QA —0.7448 £ 0.0052 + 0.0017
ay -0.763+0.011+0.007 -0758+0.010£0.007_,  cqk (CPV) phase ———[ep —€s(rad) (0.0 £1.7%02) x 10-2]
‘EP—ES (1.2+3.4+0.8)x10?rad ]/ difference in 27 /29 decays 5p — ds(rad) (—1.34 1.7+ 0.4) x 1072
Sp—Os (-4.0+3.3+17)x10%rad  (10.2+3.9)x10%rad Az p (=5.4+6.5+3.1) x 1073
A, (6+13+6)x10™3 ) - A¢pZp(rad)  (—=0.1£6.9+0.9) x 1073

. A -3

A (-5+14+3)x10"rad - L e fPtesisn / e PP

: cp — - =~ /2" decays (a=z) —0.3770 £ 0.0024 + 0.0014
Ace (~4212+9)x10 ) (6£1227)x10 (¢=)(rad)  0.0052 =+ 0.0069 + 0.0016
() 0.016+0.014+0.007rad (@) 0.7499 + 0.0029 + 0.0013 |

The results have been updated with 10B J /1,
consistant, but with much improved precision.
[ Phys. Rev. Lett. 136, 201802 (2026)] PhiPsi2026 23
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